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CXVI. — Note  on  Gynocardin  and  Gynocardase. 

By  Charles  Watson  Moore  and  Frank  Tutin. 

The  cyanogenetic  glucoside  gynocardin  was  first  isolated  by  Power 
and  Gornall  (Proc,  1904,  20,  137)  from  the  seeds  of  Gynocardin 
odorata,  R.  Br.,  and  has  more  recently  been  obtained  by  A.  W.  K. 
de  Jong  from  the  leaves  of  Pangium  edule,  Reinw.  (Rec.  trav.  chini.^ 
1909,  28,  24). 

Power  and  Lees  (Trans.,  1905,  87,  349)  have  shown  that 
gynocardin  possesses  the  formula  C13H19O9N,  and  that  it  undergoes 
hydrolysis  according  to  the  following  equation : 

C.sHigOgN  +  H2O  =  CgHgO^  +  CeHjoOg  +  HCN. 

The  last-mentioned  investigators,  however,  found  that,  of  the 
three  hydrolytic  products,  only  dextrose  and  hydrogen  cyanide  could 
be  characterised,  as  the  other  product  spontaneously  resinified. 

The  present  authors  thought  that  some  further  information 
regarding  the  unknown  hydrolytic  product  of  gynocardin  might  be 
obtained  by  methylating  gynocardinic  acid  (Power  and  Lees,  loc. 
cit.)  according  to  Purdie  and  Pitkeathly's  method  (Trans.,  1899, 
75,  153),  and  subsequently  hydrolysing  the  methylated  product. 
Although  the  object  in  view  has  not  been  achieved,  some  new 
observations  regarding  gynocardin  have  been  made  which  are 
considered  worthy  of  record. 

By  the  methylation  of  gynocardinic  acid,  a  liquid  methyl 
derivative  was  obtained  which  could  be  distilled  without  under- 
going decomposition,  and,  on  analysis,  gave  figures  corresponding 
with  the  formula  Ci2Hi404(OMe)5-C0.2Me.  The  yield  of  this 
derivative  was,  however,  small,  and  no  definite  hydrolytic  product 
could  be  obtained  from  it. 

Gyiiocardin  has  been  found  to  possess  feebly  acidic  properties. 
It  is  slightly  acid  to  litmus,  and  yields  with  sodium  ethoxide  or 
sodium  hydroxide  a  sodium  derivative,  CigHjcjOgNNa. 

It  has  been  shown  by  Power  and  Lees  {Joe.  cit.)  that  acids 
hydrolyse  gynocardin  only  with  difficulty,  and  the  present  authors 
thought  that  this  might  be  owing  to  the  fact  that  gynocardin  was 
an  a-glucoside,  since  E.  F.  Armstrong  {Proc.  Roy.  Soc,  1904,  74, 
188)  has  shown  that  such  compounds  undergo  hydrolysis  by  means 
of  dilute  mineral  acids  more  slowly  than  do  their  iS-isomerides. 

Quantitative  experiments  have  now  shown  that,  whereas 
gynocardin  is  rapidly  hydrolysed  by  the  enzyme  gynocardase,  which 
accompanies  it  in  the  seeds,  it  is  comparatively  indifTerent  towards 
emulsin.  The  converse  of  this  is  the  case  with  amygdalin,  this 
glucoside  being  only  very  slowly  hydrolysed  by  gynocardase. 
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The  behaviour  of  gynocardase  towards  salicin  and  maltose  was 
then  investigated,  when  it  was  ascertained  that  this  enzyme  caused 
only  an  extremely  slow  hydrolysis  of  the  glucoside,  but  was  abso- 
lutely without  action  on  maltose.  The  ejffect  of  diastase  on 
gynocardin  was  then  examined,  and  it  was  observed  that  this 
enzyme  was  quite  devoid  of  action  on  the  glucoside  in  question, 
thus  differing  from  emulsin,  which  does  hydrolyse  gynocardin, 
although  only  to  a  very  minor  extent. 

When,  however,  the  respective  effects  of  gynocardase  and  emulsin 
on  Z-mandelonitrile  glucoside  were  investigated,  it  was  found  that, 
in  this  case,  the  two  enzymes  possessed  practically  equal  activity. 

It  is  evident,  therefore,  that  the  glucoside,  gynocardin,  and  the 
enzyme,  gynocardase,  must  both  belong  to  the  /3-series,  notwith- 
standing the  fact  that  emulsin  is  almost  indifferent  towards 
gynocardin,  and  that  gynocardase  has  only  a  very  slight  action  on 
amygdalin. 

Quantitative  experiments  have  also  shown  that  the  rate  of 
hydrolysis  of  gynocardin  by  acids,  although  very  considerably  less 
than  that  of  salicin,  is  actually  greater  than  that  of  amygdalin. 

It  would  appear,  therefore,  that  gynocardin  and  gynocardase 
are  analogous  in  their  behaviour  to  phaseolunatin  and  its  corre- 
sponding enzyme,  which  were  originally  assigned  by  Dunstan  and 
Henry  {Proc.  Roy.  Soc,  1903,  72,  285)  to  the  a-series,  but  have 
quite  recently  been  shown  by  H.  E.  Armstrong  and  E.  Horton 
{ihid.,  1910,  28,  B,  349)  to  belong  to  the  )8-series. 

The  fact  that  the  enzyme  from  Phaseolus  lunatus  seeds  is  quite 
active  towards  Z-mandelonitrile  glucoside,  whilst  it  exerts  only  a 
very  minor  action  on  amygdalin,  was  attributed  by  Armstrong  and 
Horton  (loc.  cit.)  to  the  inhibiting  action  of  the  second  glucose 
molecule  in  the  last-mentioned  compound.  Gynocardase,  however, 
although  behaving  quite  analogously  to  phaseolunatase  with  respect 
to  amygdalin  and  /-mandelonitrile  glucoside,  only  causes  an 
extremely  slow  hydrolysis  of  salicin.  It  is  evident,  therefore,  that 
the  nature  of  the  non-glucose  part  of  the  molecule  of  a  glucoside 
may  also  exert  a  considerable  influence  with  regard  to  the  sus- 
ceptibility of  such  a  compound  to  the  action  of  enzymes. 

Experimental 

Metliylation   of  Gynocm-dinic  Acid. 

Gynocardin ic  acid  was  prepared  by  the  action  of  hot  barium 
hydroxide  on  gynocardin,  when  ammonia  is  evolved  and  barium 
gynocardinate  formed  (Power  and  Lees,  loc.  cit.).  The  barium 
gynocardinate  thus  obtained  is  a  readily  soluble  salt,  from  which 
the  gynocardinic  acid  may  be  prepared  by   exactly  precipitating 
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the  barium  with  sulphuric  acid.  It  was  observed  by  the  present 
authors  that  when  a  considerable  excess  of  barium  hydroxide  is 
employed  in  the  hydrolysis  a  very  sparingly  soluble  crystalline 
double  compound  of  barium  gynocardinate  and  barium  hydroxide 
separates,  but  this  was  not  further  investigated. 

Twenty  grams  of  gynocardinic  acid  were  methylated  by  means 
of  methyl  iodide  and  dry  silver  oxide  according  to  Purdie  and 
Pitkeathly's  method  {loc.  cit.).  The  methylation  was  first  carried 
out  in  methyl  alcohol  solution,  and  was  repeated  under  these  con- 
ditions until  the  product  was  soluble  in  methyl  iodide,  after  which 
further  methylation  was  effected  in  methyl  iodide  solution,  the 
treatment  being  continued  until  there  was  no  further  reaction  on 
boiling  with  dry  silver  oxide.  The  methylated  product  was 
removed  from  the  reaction  mixture  by  means  of  ether.  It  formed 
a  syrup,  which  showed  no  signs  of  crystallising.  When  distilled 
under  diminished  pressure,  a  definite  fraction  boiling  at 
220°/ 15  mm.  was  obtained,  which  formed  a  viscid  liquid  at  the 
ordinary  temperature: 

0-1642  gave  0-3170  COo  and  0-1145  HoO.     C  =  52-6;  H  =  7-7. 
CJ9H32O11  requires  C  =  52-3;  H  =  7-3  per  cent. 

A  determination  of  the  number  of  methoxyl  groups  by  Parkin's 
modification  of  Zeisel's  method  gave  the  following  result : 

0-1880   gave   O'GOIO    Agl.     OMe  =  42-2. 

Ci3Hj405(OMe)e  requires  OMe  =  42-6  per  cent. 

This  substance  is  therefore  a  methyl  fentuTnethyl gynocardinate, 
Ci2Hj404(OMe)5*C02Me,  and  must  therefore  still  contain  two 
hydroxyl  groups,  since  Power  and  Lees  have  shown  that  gynocardin 
yields  a  hepta-acetyl  derivative.  In  the  endeavour  to  obtain  a 
fully  methylated  product,  a  small  quantity  of  the  ester  was  heated 
with  methyl  iodide  and  dry  silver  oxide  for  some  hours  at  100°  in 
a  sealed  tube,  but  the  product  gave  practically  the  same  results  on 
analysis  as  before  this  treatment. 

On  boiling  methyl  pentamethylgynocardinate  with  dilute  sul' 
phuric  acid,  it  was  completely  decomposed,  nothing  but  brown, 
resinous  products   resulting. 

Sodiam  Derivative   of   Gynocardin,    Ci3Hjg09NNa. 

As  already  mentioned,  gynocardin  possesses  feebly  acidic  pro- 
perties, in  virtue  of  which  it  is  able  to  form  derivatives  with  the 
alkali  metals.  On  adding  excess  of  sodium  ethoxide  or  aqueous 
sodium  hydroxide  to  an  ethyl-alcoholic  solution  of  gynocardin,  a 
white  precipitate  is  produced,  readily  soluble  in  water  or  methyl 
alcohol,  but  sparingly  so  in  ethyl  alcohol : 

4  Q  2 
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0-4140  gave  0-0635  Na^COg.     Na  =  6-6. 

CjgHjgOgNNa   requires  Na=6-5   per    cent. 
Attempts    to    prepare    methyl    gynocardin    from    this     sodium 
derivative  were  unsuccessful. 

A  ction  of  Gynocardase  and  Emulsin  on  Gynocardin  and  other 

Glucosides. 

As  stated  above,  gynocardin  is  but  slowly  hydrolysed  by  boiling 
dilute  mineral  acids,  although  this  change  is  rapidly  eflFected  by 
means  of  the  enzyme,  gynocardase,  which  was  obtained  from 
Gynocardia  seeds  by  Power  and  Lees  {loc.  cit.).  Amygdalin,  on 
the  other  hand,  is  only  very  slowly  acted  upon  by  gynocardase,  the 
action  requiring  about  twelve  hours  before  any  benzaldehyde  and 
hydrogen  cyanide  can  be  detected.  The  effect  of  gynocardase  and 
emulsin  on  gynocardin  and  amygdalin  has  therefore  been  examined 
quantitatively.  In  each  case  0-5  gram  of  the  glucoside  was  dis- 
solved in  50  c.c.  of  water  and  0-2  gram  of  enzyme  added,  the  mixture 
being  allowed  to  remain  for  thirty  minutes  at  25°.  The  resulting 
hydrogen  cyanide  was  then  removed  by  a  current  of  steam,  and 
estimated  by  titration  with  silver  nitrate  in  presence  of  a  little 
sodium  chloride,  in  the  usual  manner. 

The  results  of  these  experiments  are  shown  in  the  following  table : 


Enzyme. 

Glucoside. 

Volume  of  A710- 
AgNOj  required. 

Percentage 
of  glucoside 
hydrolysed. 

Gynocardase 

Gynocardase  

Emulsin 

Emulsiu 

Gynocardin  ... 
Amygdalin  ... 
Gynocardin  ... 
Amygdalin  ... 

4-0  c.c. 

<o-i  „ 

<01    „ 

4-8    „ 

57-6 
none  measurable 

j>             J) 
88-1 

The  effect  of  the  two  enzymes  in  question  on  salicin  was  also 
investigated,  and  for  tliis  purpose  one  gram  of  the  glucoside  was 
dissolved  in  100  c.c.  of  water,  and  0-5  gram  of  the  respective  enzyme 
added.  The  mixture  was  then  allowed  to  remain  at  20°  for  thirty 
minutes,  after  which  the  saligenin  formed  was  isolated  by  means 
of  ether,  and  weighed.     The  results  obtained  were  as  follows : 

One  gram  of  salicin,  on  treatment  with  gynocardase,  gave  0-0050 
of  saligenin.     Percentage  of  glucoside  hydrolysed  =  1-2. 

One  gram  of  salicin,  on  treatment  with  emulsin,  gave  0-2100  of 
saligenin.     Percentage  of  glucoside   hydrolysed  =  484. 

The  relative  activity  of  emulsin  and  gynocardase  towards 
Z-mandelonitrile  glucoside  was  ascertained  in  the  following  manner. 
A  sufficient  supply  of  the  pure  glucoside  not  being  available,  an 
extract  of  the  bark  of  Frunus  serotina,  Ehrhart,  was  employed,  as 
this  has  been  shown  to  contain  ^mandelonitrile  glucoside  (Power 
and  Moore,  Trans.,  1909,  95,   243).     One   hundred   grams  of   the 
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finely  powdered  bark  were  brought  into  5  litres  of  boiling  water, 
the  mixture  boiled  for  some  time,  and  then  filtered.  The  filtrate 
was  evaporated  under  diminished  pressure  to  200  c.c,  and  then 
divided  into  two  equal  portions,  to  one  of  which  0'4  gram  of 
gynocardase  was  added,  and  to  the  other  the  same  amount  of 
emulsin.  Each  of  the  mixtures  was  then  kept  for  thirty  minutes, 
after  which  the  liberated  hydrogen  cyanide  was  estimated  as  before 
described.  It  was  then  found  that  the  portion  treated  with 
gynocardase  required,  on  titration,  1"6  c.c.  of  iV'/'lO-silver  nitrate 
solution  to  produce  a  permanent  turbidity,  whilst  the  other  mixture, 
which  contained  emulsin,  required  an  almost  identical  amount, 
namely,  l'5o  c.c. 

Acid  Hydrolysis  of  Gynocardin,  Amygdalin;  and  Salicin. 

The  respective  rates  of  hydrolysis  by  acids  of  gynocardin, 
amygdalin,  and  salicin  were  estimated  quantitatively,  as  follows. 

Equimolecular  quantities  of  the  three  glucosides  (I'OO,  1'32,  and 
0'80  grams  respectively)  were  boiled  with  200  c.c.  of  a  2  per  cent, 
aqueous  solution  of  sulphuric  acid.  In  the  case  of  the  two  cyano- 
genetic  compounds,  steam  was  passed  through  the  mixture  for  two 
hours,  the  liquid  being  maintained  at  practically  a  constant  volume, 
after  which  the  hydrogen  cyanide  in  the  distillate  was  estimated  in 
the  usual  manner.  In  the  case  of  salicin  the  mixture  was  heated  for 
one  hour  in  a  flask  attached  to  a  reflux  condenser,  and  the  saligenin 
then  isolated  by  means  of  ether,  and  weighed.  It  was  thus  found 
that,  under  analogous  conditions,  the  extent  to  which  these  three 
glucosides  were  hydrolysed  was  as  follows :  Gynocardin,  65  per 
cent.;  amygdalin,  50  per  cent.;  salicin,  787   per  cent. 

A  quantity  of  gynocardin  was  dissolved  in  water,  and  diastase 
added,  but,  even  after  ten  days,  no  hydrogen  cyanide  was  developed. 
Similarly,  on  treating  maltose  with  gynocardase  for  twenty-four 
hours,  no  change  occurred,  for,  on  subsequently  converting  the 
sugar  into  osazone,  the  product  was  found  to  consist  solely  of 
maltosazone. 

The  Wellcome  Chemical  Research  Laboratories, 
London,  E.G. 
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CXVII. — New  Syntheses  of  Thioxanthone  and  its 
Derivatives. 
By  Eric  Gordon  Davis  and  Samuel  Smiles. 
The  experiments  described  in  this  paper  were  the  outcome  of  a 
desire  to  study  certain  of  the  oxidation  products  of  thioxanthene ; 
but  with  this  object  in  view  it  was  necessary  to  obtain  a  considerable 
quantity  of  that  substance.  The  preparation  of  thioxanthene  by 
the  method  hitherto  followed  is  somewhat  tedious,  since  it  involves 
the  isolation  of  certain  intermediate  products,  and  the  yield 
obtained  leaves  much  room  for  improvement  in  the  process.  This 
synthesis  of  thioxanthene  was  devised  by  Graebe  and  Schulthess 
(Annalen,  1891,  263,  1);  it  consists  in  the  removal  of  the  elements 
of  water  from  o-phenylthiolbenzoic  acid,  C6H5'S*CgH4*C02H,  by 
means  of  hot  sulphuric  acid.  The  yields  of  thioxanthone  obtained 
from  this  reaction  are  good,  but  the  crucial  point  of  the  synthesis 
is  the  production  of  the  carboxylic  acid.  Graebe  and  Schulthess 
{loc.  cit.)  prepared  the  latter  substance  by  the  interaction  of  phenyl 
mercaptan  and  the  o-diazonium  chloride  of  benzoic  acid  in  alkaline 
solution ;  but  since  the  introduction  of  o-thiolbenzoic  acid  as  a 
cheap  commercial  product  (Kalle  &  Co.,  D.R.-P.  205450  of  1908), 
F.  Mayer  {Ber.,  1909,  42,  1134)  has  improved  Graebe  and 
Schulthess's  process  by  heating  the  methyl  ester  of  this  acid  with 
sodium  ethoxide,  bromobenzene,  and  copper  powder  to  160°  for 
four  hours.  The  yield  of  o-phenylthiolbenzoic  acid  obtained  by 
this  method  was  about  50  per  cent. 

In  order  to  avoid  the  isolation  of  these  intermediate  products, 
we  have  employed  o-carboxybenzenesulphinic  acid,  which  is  readily 
obtained  from  anthranilic  acid  by  the  process  devised  by  Gatter- 
mann  {Ber.,  1899,  32,  1144),  or  by  the  reduction  of  the  dichloride 
of  o-carboxybenzenesulphonyl  chloride.  In  previous  papers  (Smiles 
and  Le  Rossignol,  Trans.,  1906,  89,  700)  it  has  been  shown 
that  sulphinic  acids  readily  condense  with  aromatic  compounds  in 
presence  of  dehydrating  agents,  yielding  the  corresponding  sulph- 
oxides,  and  it  has  now  been  found  that  the  sulphinic  acid  in  question 
undergoes  this  reaction.  If,  however,  the  condensation  is  carried 
out  in  the  presence  of  hot  concentrated  sulphuric  acid,  the  carboxyl 
group  also  takes  part  in  the  reaction,  and  the  thioxanthone  is 
immediately  produced,  for  example,  with  benzene: 

CO 

SO 
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It  may,  however,  be  observed  that,  when  dissolved  in  concentrated 
sulphuric  acid,  the  sulphoxides  are  not  stable  in  presence  of  a 
sulphinic  acid,  being  reduced  by  the  latter  to  sulphides  (compare 
Smiles  and  Le  Rossignol,  Trans.,  1906,  89,  707);  hence  the  product 
which  is  isolated  is  not  the  sulphoxide  formulated  in  the  above 
equation,  but  is  thioxanthone  itself.  In  the  case  of  the  condensation 
of  o-carboxybenzenesulphinic  acid  with  benzene,  the  jrield  of  thio- 
xanthone is  about  60  per  cent,  of  that  required  by  theory,  and  the 
fact  that  it  does  not  more  closely  approach  the  theoretical  is  probably 
due  to  this  instability  of  the  sulphoxide.  There  is  no  doubt  that  the 
reduction  of  the  sulphoxide  takes  place  partly  at  the  expense  of  the 
uncombined  sulphinic  acid,  and  the  latter,  being  converted  into  the 
sulphonic  acid,  would  then  be  prevented  from  undergoing  the 
required  condensation.  In  order  to  avoid  this  loss,  we  endeavoured 
to  find  a  means  by  which  the  formation  of  the  sulphoxide  would  be 
avoided. 

Stenhouse  (Annalen,  1869,  149,  250;  also  Erlenmeyer  and 
Lisenko,  Jahresher.,  1861,  590)  has  shown  that  the  mercaptans  are 
readily  oxidised  by  concentrated  sulphuric  acid,  being  converted 
into  disulphides,  thus : 

2R-SH  +  0  =  R-S-SR  +  H.30. 

Nothing  is  at  present  known  of  the  mechanism  of  this  reaction, 
and  it  seems  to  have  been  tacitly  assumed  that  hydrogen  is 
simultaneously  removed  by  oxidation  from  two  molecules  of  the 
mercaptan ;  there  is,  however,  the  alternative  explanation  that  an 
oxygen  derivative  of  the  mercaptan  is  first  formed,  which  then 
unites  with  the  second  molecule,  forming  the  disulphide  and  one 
molecular  proportion  of  water.  The  probability  that,  if  the  latter 
alternative  is  correct,  this  oxygen  derivative  of  the  mercaptan  might 
be  made  to  condense  with  aromatic  nuclei  justified  the  attempt  to 
obtain  thioxanthone  by  the  interaction  of  o-thiolbenzoic  acid  and 
benzene  in  the  presence  of  hot  concentrated  sulphuric  acid.  The 
result  was  successful,  the  yield  under  favourable  conditions  being 
as  high  as  90  per  cent,  of  the  theoretical.  The  reaction  which  takes 
place  may  be  formulated  as  follows : 

CO 


)^S::::|;|  1     +     0=1  j  ]  |     +     2H,0. 


s 

Experiments  conducted  with  a  wide  range  of  material  indicate 
that  this  method  of  preparing  derivatives  of  thioxanthone  is  of 
general  application  ;  for,  as  might  be  anticipated  from  the  behaviour 
of  the  parent  substance,  the  majority  of  simple  benzene  derivatives 
furnish  the  corresponding  thioxanthones. 
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Also,  naphthalene  and  its  derivatives  yield  the  naphthathio- 
xanthones,  but  here  the  reaction  may  proceed  a  stage  further  than 
with  the  simpler  benzene  derivatives.  It  will  be  observed  that  the 
conditions  under  which  the  reaction  has  been  carried  out  are  such 
that  the  o-thiolbenzoic  acid,  being  dissolved  in  the  concentrated 
acid,  is  always  in  excess  of  the  less  soluble  naphthalene  derivative 
which  is  gradually  added  during  the  progress  of  the  reaction,  and 
there  is  thiis  formed  the  bisthioxanthone : 

by  the  interaction  of  two  molecules  of  o-thiolbenzoic  acid  and  one 
of  naphthalene.  We  have  not  yet  observed  the  formation  of  the 
bisthioxanthones  with  benzene  or  its  derivatives,  and  it  is  therefore 
probable  that  in  the  above  naphthalene  compounds  the  thioxanthone 
arrangements  are  attached  to  different  cyclic  systems. 

A  few  words  may  be  said  on  the  interesting  question  of  the 
mechanism  of  this  reaction.  It  is  clear  from  the  reaction  discovered 
by  Stenhouse,  to  which  reference  has  already  been  made,  and  from 
that  described  in  the  present  paper,  that  in  concentrated  sulphuric 
acid  solution  the  o-thiolbenzoic  residue,  COgH-CeH^-S*,  may  be 
united  at  will  either  to  a  second  o-thiolbenzoic  group  *  or  to  an 
aromatic  complex.  It  is  also  evident  that  in  presence  of  an 
aromatic  compound  the  latter  course  is  preferred. 

According  to  common  hypothesis,  these  reactions  would  proceed 
as  follows: 

(a)  2C02H-CoH^-SH  +  0  =  (C02H-CoH4-S)2  +  H20. 

(&)  CO^H.C^H.-SH-hCeH.  +  O  =  C«H,<.^^CeH,  + 2FI2O, 

the  hydrogen  atoms  of  the  mercaptan  or  aromatic  complex  being 
simultaneously  removed  by  direct  oxidation ;  but  we  consider  that 
the  facts  which  are  above  outlined  render  this  hypothesis  untenable, 
and  chiefly  for  the  following  reasons. 

(1)  The  thiol  hydrogen  atom  of  the  mercaptans  is  very  easily 
removed  by  oxidation  (for  example,  by  iodine  in  aqueous  solution, 
or  by  air  in  alkaline  solution),  and  far  more  easily  removed  by 
oxidation  than  hydrogen  of  the  aromatic  complex.  Hence  it 
appears  that  if  this  hypothesis  be  correct,  the  mercaptans  should 
be  almost  entirely  converted  into  disulphides  whether  the  less 
readily  oxidised  aromatic  compound  be  present  or  not.  This, 
however,  is  not  the  case;  in  the  examples  now  dealt  with,  only  a. 

*  o-Thiolbenzoic  acid  here  behaves  like  other  mercaptans,  and  is  readily  oxidised 
by  cold  concentrated  sulphuric  acid  to  ditliiosalicylic  acid,  sulphurous  acid  being 
evolved. 
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very  small  quantity  of  dithioscdicylic  acid  is  formed,  the  bulk  of 
the  product — about  90  per  cent. — ^being  thioxanthone. 

(2)  It  may  be  observed  that  the  formation  of  thioxanthone 
proceeds  to  a  certain  extent  in  sulphuric  acid  at  about  20°,  and  it 
is  difficult  to  imagine  that  aromatic  hydrogen  should  be  directly 
attacked  by  oxygen  from  that  reagent  under  such  conditions. 

For  these  reasons  we  have  rejected  this  hypothesis,  and  as  an 
alternative  adopt  the  only  other  which  affords  an  adequate 
explanation  :  that  the  mercaptans  are  first  oxidised  by  the  sulphuric 
acid  to  an  unstable  oxygen  derivative,  which  then  unit-es  witli  the 
aromatic  complex  or  a  second  molecule  of  the  mercaptan,  water 
being  eliminated  under  the  influence  of  the  condensing  reagent. 
Further,  adopting  this  explanation,  it  is  evident  that  this  inter-, 
mediate  compound  must  be  one  of  the  sulphoxylic  acids  which  have 
so  often  been  assumed  by  chemists  to  be  formed  in  the  rea<:tions 
of  the  lower  oxidation  products  of  organic  sulphur  compounds. 
The  reactions  in  question  would  then  be  represented  as  follows : 

(1)  CO-^H-CgH^-SH  +  H^SO^  =  COgH-CgH^-S-OH  +  H^SOg. 

(a)  C0.,H-CeH^-S-0H  +  HS-CeH,-C02H  =  (COaH-CgH^-sJ^  +  HjO.* 

(6)  COaH-CfiH.-S-OH  +  CgH,  =  C6H,<!^^C6H,  +  2H2O. 

It  is  true  that  no  direct  proof  of  the  existence  of  these  sulphoxylic 
acids  has  yet  been  adduced  either  in  these  reactions  or  in  any 
others  in  which  they  have  been  postulated,  and  in  many  other 
cases  the  evidence  brought  forward  to  warrant  the  assumption  is 
very  slender  and  open  to  other  interpretation.  However,  in  the 
present  case  there  appears  to  us  to  be  no  satisfactory  alternative. 
Further,  it  might  be  questioned  whether  the  sulphoxylic  acid,  even 
if  it  were  formed,  would  undergo  condensation  with  aromatic 
compounds,  but  in  answer  to  this  it  may  be  observed  that  it  has 
been  already  shown  that  hydroxyl  attached  to  partly  oxidised 
sulphur  behaves  in  this  manner  (Smiles  and  Le  Rossignol,  Trans., 
1906,  89,  696;  1908,  93,  745);  thus  aromatic  sulphinic  acids  and 
sulphoxide  salts  may  be  condensed  in  ice-cold  sulphuric  acid  with 
aromatic  compounds,  giving  triarylsulphonium  salts,  and  even 
sulphur  dioxide  exhibits  this  reaction. 

In  summing  up  the  case  for  the  existence  of  the  sulphoxylic  acid 
in  the  present  reactions,  it  may  be  said  that  the  alternative 
explanation  is  untenable,  that  all  the  available  evidence  is  in  its 
favour,  and,  whilst  this  is  only  of  an  indirect  nature,  there  is  none 
in  contradiction. 

With  the  view  of  throwing  further  light  on  this  question,  the 

*  Considerable  evidence  may  he  adduced  to  show  that,  in  concentrated  sulphuric 
acid,  this  reaction  is  reversible  ;  the  question  is  at  present  under  iuvcstigiition. 
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reactions  of  the  mercaptans  and  disulphides  in  concentrated  sul- 
phuric acid  are  now  being  studied,  and  attempts  are  being  made 
to  obtain  derivatives  of  these  sulphoxylic  acids. 

In  the  following  pages  are  described  the  more  important  of  the 
derivatives  of  thioxanthone  which  have  been  prepared  by  this 
method,  and  it  may  be  observed  that  at  present  the  position  of  the 
substituents  in  the  aromatic  nuclei  is  uncertain.  In  view  of  the 
experiments  which  are  being  made  by  F.  Mayer  on  other  syntheses 
of  these  substances,  we  do  not  propose  to  follow  up  this  question 
in  detail. 

Experimental. 

With  the  object  of  synthesising  thioxanthone  from  o-carboxy- 
benzenesulphinic  acid,  it  was  necessary  to  obtain  this  acid  in  some 
quantity.  It  has  already  been  prepared  by  Gattermann  (Ber., 
1899,  32,  1144)  by  the  interaction  of  o-carboxybenzenediazonium 
sulphate  and  sulphurous  acid  in  the  presence  of  copper  powder; 
but  in  order  to  find  the  best  method  of  preparing  the  acid,  experi- 
ments were  made  with  the  alternative  method  of  reducing  o-carboxy- 
benzenesulphonyl  chloride.  Preliminary  experiments  were  made 
,  with  the  less  expensive  meta-derivative. 

va-Carhoxyh enzenesulphinic  A  cid. 

The  dichloride  of  7?i-carboxybenzenesulphonic  acid  was  prepared 
according  to  the  method  described  by  Limpricht  and  Uslar 
{Annalen,  1857,  102,  250),  and  it  was  reduced  to  the  sulphinic  acid 
by  the  following  process.  A  saturated  aqueous  solution  of  sodium 
sulphite  was  warmed  on  the  water-bath,  and  the  chloride  was 
gradually  added  to  this,  the  mixture  being  constantly  shaken  and 
kept  alkaline  during  the  course  of  the  reaction.  When  all  the 
chloride  had  dissolved,  the  contents  of  the  flask  were  cooled,  and 
then  carefully  acidified  with  concentrated  sulphuric  acid.  The 
greater  part  of  the  sulphinic  acid  was  precipitated  during  this 
process,  but  it  was  completely  extracted  from  the  mixture  with 
ether.  After  the  ethereal  solution  had  been  dried,  it  was  distilled, 
and  the  residue  was  washed  with  benzene  and  recrystallised  from 
hot  water.  Thirty-four  grams  of  sulphinic  acid  were  obtained  from 
44  grams  of  the  chloride.  A  sample  which  had  been  dried  in  a 
vacuous  desiccator  was  analysed : 

0-2405  gave  0-3974  COo  and  00657  HgO.     C  =  45-l;  H  =  3-04. 

0-2449     „     0-3075  BaS04.     S  =  17-25. 

1-2502  required  13*1  c.c.  of  TOliV-KOH  for  neutralisation. 

Equivalent  =  94-7. 

C7H6O4S  requires  0  =  4517;   H  =  3-22;   8  =  172   per  cent. 

Equivalent  =  93. 
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When  heated,  the  acid  melts  with  profound  decomposition,  and 
the  temperature  at  which  this  takes  place  depends  somewhat  on 
the  rapidity  of  heating;  under  ordinary  conditions  it  lies  between 
195°  and  200°.  Gattermann  {Ber.,  1899,  32,  1144)  gives  197—198° 
as  the  melting  point.  The  substance  is  soluble  in  cold  water  and 
most  organic  media.  That  the  compound  is  a  sulphinic  acid  is 
shown  by  the  production  of  a  blue  colour  when  treated  with 
phenetole  in  concentrated  sulphuric  acid,  and  by  the  fact  that  it 
yields  the  normal  type  of  product  when  treated  with  nitrous  acid. 

Action  of  Nitrous  Acid. — A  slight  excess  of  sodium  nitrite  was 
dissolved  in  an  aqueous  solution  of  the  sodium  salt  of  the  acid. 
Dilute  sulphuric  acid  was  then  slowly  added  to  the  cooled  mixture, 
when  the  required  oximino-derivative  immediately  separated  in  the 
crystalline  state.  The  yield  was  almost  quantitative.  The  sub- 
stance was  collected,  well  washed  with  water,  and  finally  crystallised 
from  that  medium  containing  a  little  nitrous  acid : 

0-7768  gave  26-1  c.c.  Ng  at  18°  and  748  mm.     N  =  3-9. 
C14HJ1O9NS2  requires  N  =  3"5   per  cent. 

Dicarhoxyhenzenesid'phohydroximic  acid  forms  colourless  prisms, 
which  are  soluble  in  hot  water,  and  are  slightly  decomposed  thereby. 
It  is  resolved  into  the  components  by  cold  aqueous  alkali  hydroxide, 
and  on  being  gently  warmed  it  evolves  oxides  of  nitrogen. 

o-Carhoxi/benzenesvlpJiimc  Acid. 

The  stable  dichloride  (Remsen  and  Dohme,  Amer.  Chem.  J.,  1889, 
11,  340)  of  o-carlooxybenzenesulphonic  acid  was  prepared  by  the 
action  of  phosphorus  pentachloride  on  the  ammonium  salt,  and  the 
product  was  reduced  by  the  same  process  as  applied  to  the  meta- 
derivative.  The  results,  however,  were  unsatisfactory,  the  yield  of 
sulphinic  acid  being  extremely  poor  and  the  process  of  isolation 
difficult.  Moreover,  the  acid  obtained,  although  agreeing  in  all 
other  properties  with  that  described  by  Gattermann  (Ber.,  1899, 
32,  1144),  differs  from  this  in  the  melting  point  given  by  that 
author.  Gattermann  states  that  the  melting  point  of  o-carboxy- 
benzenesulphinic  acid  is  125°,  but  this  is  evidently  a  misprint,  for 
on  preparing  the  acid  by  the  diazo-process  we  found  that  the  product 
was  identical  with  that  yielded  by  the  reduction  method;  both, 
when  heated,  assume  a  yellow  colour  at  about  200°,  and  do  not 
melt  below  270°.  A  sample  was  recrystallised  from  glacial  acetic 
acid,  and  then  analysed.  (Found,  0  =  44-8;  H  =  3-5.  Calc, 
C  =  4517;  H  =  3-22  per  cent.)  Gattermann  has  shown,  from  the 
action  of  hydroxylamine  on  this  substance,  that  it  is  a  sulphinic 
acid,  and  we  have  further  confirmed  this  structure  by  the  behaviour 
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with  phenetole  in  concentrated  sulphuric  acid.  In  preparing  this 
acid,  the  diazo-process  is  to  be  recommended  in  preference  to  the 
reduction  method,  on  account  of  the  better  yields,  for  20  grams  of 
anthranilic  acid  yielded  about  18  grams  of  the  sulphinic  acid. 

Thioxantlione,   CgH4<Cl  a J^CgH^. 

(a)  From  o-Carhoxyhenzenesul'p'hinic  Acid. — Ten  grams  of 
o-carboxybenzenesulphinic  acid  were  suspended  in  an  excess  of  cold 
concentrated  sulphuric  acid,  and  excess  of  benzene  was  gradually 
added  to  the  mixture,  which  was  constantly  shaken  for  about  four 
hours.  After  the  first  addition  of  benzene  the  mixture  assumed  a 
deep  blue  colour,  indicating  the  presence  of  a  sulphoxide;  but  this 
disappeared  as  the  reaction  proceeded,  giving  place  to  the  strongly 
fluorescent,  yellow  solution  of  thioxanthone.  At  the  same  time 
sulphurous  acid  was  evolved.  The  mixture  was  then  set  aside  at 
the  atmospheric  temperature  for  a  further  nine  hours,  and  was 
subsequently  heated  for  one  hour  on  the  water-bath.  The  solution 
was  poured  on  powdered  ice,  and  the  precipitate  which  formed 
was  collected,  washed  with  water,  thoroughly  triturated  with  10  per 
cent,  aqueous  alkali  hydroxide,  again  collected,  and  finally  washed 
with  water  until  free  from  alkali.  The  dried  substance  was  purified 
by  extraction  with  chloroform  in  a  Soxhlet  apparatus;  the  extract 
was  evaporated,  and  the  residue  was  further  purified  by 
crystallisation  from  hot  glacial  acetic  acid.  The  substance  melted 
at  209°,  and  all  other  properties,  such  as  colour,  fluorescence, 
crystalline  form,  and  solubility,  agreed  with  those  elsewhere 
attributed  to  thioxanthone.  When  mixed  with  thioxanthone  from 
other  sources,  it  melted  at  the  same  temperature.  The  yield  of 
thioxanthone  obtained  by  this  process  was  about  60  per  cent,  of 
the  theoretical,  7  grams  being  furnished  by  10  grams  of  the 
sulphinic  acid. 

(J))  From  o-Thiolhenzoic  Acid. — The  preparation  of  thioxanthone 
from  o-thiolbenzoic  acid  was  conducted  in  a  similar  manner  and 
under  the  same  conditions  as  that  described  in  the  foregoing 
paragraph.  The  reaction  proceeds  somewhat  more  energetically, 
sulphurous  acid  being  continually  evolved  during  the  process.  Ten 
grams  of  o-thiolbenzoic  acid  gave  12'5  grams  of  thioxanthone,  or 
about  90  per  cent,  of  that  required  by  theory.  After  purification 
the  substance  melted  at  209°.  (Found,  C  =  73-3;  H  =  3-8;  S  =  15-41. 
Calc,  C  =  73'6;  H  =  3'8;  S  =  15'l  per  cent.)  The  substance  was 
reduced  with  phosphorus  and  hydriodic  acid,  when  thioxanthene 
was  obtained. 
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Methylthioxanthone,    Q^^^^Y^Q^^'CS.^. 

This  substance  was  prepared  from  o-thiolbenzoic  acid  and  toluene 
in  concentrated  sulphuric  acid,  the  minor  details  of  the  process 
being  the  same  as  those  already  described.  When  crystallised  from 
hot  acetone,  the  substance  appears  to  retain  some  impurity  of  lower 
carbon  content;  it  was  therefore  further  purified  by  distillation, 
which  may  be  conducted  under  the  ordinary  pressure  with 
small  quantities  without  decomposition.  Methylthioxanthone  was 
obtained  in  this  way  as  a  pale  yellow,  crystalline  solid,  which  melted 
at  96 — 97°.  It  is  very  soluble  in  most  organic  media,  sparingly 
so  in  ether,  and  insoluble  in  water.  It  sublimes  slowly  when  heated 
to  about  150°,  and  is  then  obtained  in  very  pale  yellow  needles : 

01072  gave  02900  COg  and  0*0424  HoO.     0  =  738;  H  =  4-39. 
C14H10OS  requires  C  =  74*3;  H  =  4"43  per  cent. 

Methoxythioxanthone,     CgH^\_^_J>C^H3•0•CH'3. 

The  preparation  from  anisole  and  o-thiolbenzoic  acid  was  con- 
ducted in  the  usual  manner.  The  product  was  crystallised  from 
chloroform,  and  was  obtained  in  bright  yellow  needles^  which  melted 
at  129°.  It  is  soluble  in  most  organic  media,  the  solution  in 
glacial  acetic  acid  showing  a  strong  violet  fluorescence.  The  yield 
was  about  80  per  cent,  of  the  theoretical : 

0-2014  gave  0-5107  CO2  and  0-0823  HoO.     C  =  6916;  H  =  4-5. 

0-2450     „     0-2447  BaSO^.     8  =  13-7." 

0-2076     „     01589  Agl.     OMe  =  12-0. 
Cj^HjoOoS  requires  C  =  69-4;  H  =  4-l;  8  =  133;  OMe  =  12-8  per  cent. 

Hydroxy thioxanthon e,    CgH^<C[_q Ji^CeH^'OH. 

This  was  prepared  from  phenol  and  o-thiolbenzoic  acid  as  usual. 
The  precipitate  obtained  by  pouring  the  acid  solution  into  water 
was  collected,  and,  after  being  washed  with  water,  was  dissolved  in 
aqueous  sodium  hydroxide.  This  solution  of  the  sodium  salt  was 
saturated  with  carbon  dioxide,  when  the  phenol  was  liberated  as  a 
yellow,  crystalline  powder.  It  was  collected,  dried,  and  then 
extracted  with  chloroform.  The  solvent  was  evaporated,  and  the 
residue  crystallised  from  moist  acetone.  Two  different  samples  of 
the  crystals  were  analysed  : 

0-1852  gave  0-4520  COg  and  0-0534  HgO.     C  =  65-l;  H  =  3-2. 

0-1338     „     0-3175  CO2     „   00448  HgO.     0  =  647;  H  =  3-7. 
Ci3H802S,^H20    requires   0  =  6527;  H  =  3-7  per    cent. 
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It  will  be  observed  that  the  content  of  carbon  is  somewhat  low 
for  the  anhydrous  compound,  but  this  seems  not  to  be  due  to 
impurity,  since  the  samples  analysed  were  from  successive  fractions 
of  the  crystallisation.  Hence  it  may  be  assumed  that  the  sub- 
stance contains  water  of  crystallisation,  and  this  behaviour  has 
been  observed  with  some  of  the  polyhydroxyxanthones.  However, 
attempts  to  remove  water  by  heating  to  100°  were  unsuccessful. 
Hydroxythioxanthone  forms  bright  yellow  prisms,  which  are  readily 
soluble  in  most  organic  media  and  in  aqueous  sodium  hydroxide, 
giving  orange  solutions  of  the  sodium  salt;  it  melts  at  214 — 215°. 

Na'phthathioxanthone,   CgH^<^4;,J]>CjQHg,  and 
N afhthahisthioxanthone,  CgH4<^aJ!>CjoH^<CjvC^CgH4. 

The  preparation  was  conducted  in  the  usual  manner.  The  pre- 
cipitate obtained  on  pouring  the  acid  solution  into  water  was 
apparently  colloidal,  and  it  was  therefore  isolated  by  removing  the 
mother  liquor  with  a  Pukall's  filter.  The  removal  of  carboxylic 
acids  in  the  form  of  sodium  salts  and  the  final  washing  with  water 
was  effected  by  the  same  means.  The  yellow  mass  was  then  treated 
with  a  current  of  steam  to  remove  excess  of  naphthalene,  and,  after 
being  dried,  it  was  repeatedly  extracted  with  much  acetone.  On 
cooling  the  solution,  the  bisthioxanthone  separated  almost  com- 
pletely in  microscopic  prisms ;  these  were  recrystallised  for  analysis  : 

0-1087  gave  0-2898  COg  and  0-0309  HgO.     C  =  72-69 ;  H  =  3-38. 

0-1084     „     0-2872  CO2     „    0-0296  HgO.     C  =  72-24;  H  =  3-03. 
C24H12O2S2  requires  C  =  72-72;  H  =  3-03  per  cent. 

N a'phthahisthioxanthone  is  almost  insoluble  in  cold  organic  media, 
and  it  does  not  melt  below  280°.  The  acetone  mother  liquor  from 
the  bisthioxanthone  was  evaporated  and  allowed  to  cool,  when  a 
further  small  quantity  of  that  substance  separated.  The  filtrates 
from  this  were  completely  evaporated,  and  the  residue  recrystallised 
from  acetone.  N afhthathioxanthoiie  was  thus  obtained  in  yellow 
prisms,  which  melt  at  186°.  It  is  soluble  in  sulphuric  acid,  giving 
a  green  fluorescence : 

0-1271  gave  0-3643  CO.  and  0-0364  HoO.     C  =  78-2;  H  =  3-2. 

0-276,  in  20-0  of  naphthalene,  gave  i^t  =  -0-380°.     M.W.=^262. 
CjjHioOS  requires  C-77-9;  H-3-8  per  cent.     M.W.  =  255. 
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fi-Aminonaphthathioxanthone,    CgH^-^J^sy^CjoHg-NHg. 

This  was  prepared  as  usual  from,  j3-naphthylamine  and  o-thiol- 
benzoic  acid.  The  product  was  crystallised  from  hot  chloroform, 
from  which  it  separated  in  mustard-yellow  prisms : 

0-1612  gave  0-4333  CO2  and  00530  HgO.     C  =  73-35  ;  H  =  3'65. 

0-2929     „     0-2445  BaSO^.     S  =  llo/ 
CnHiiONS"  requires  C  =  73-65;  H  =  3-96;  S  =  ll-55  percent. 

fi-Aminonaphthat?iioxanthone  melts  at  213°.  The  pale  buff- 
coloured  platinichloride  is  insoluble  in  cold  water.  The  yield  of 
this  derivative  was  good,  5  grams  of  the  pure  product  being 
obtained  from  5  grams  of  o-thiolbenzoic  acid  and  excess  of 
/3-naphthylamine.  A  small  quantity  of  the  corresponding  bisthio- 
xanthone  was  formed,  but  it  was  not  more  closely  examined. 

In  conclusion  we  desire  to  thank  the  Research  Fund  Committee  of 
the  Society  for  a  grant  which  has  defrayed  the  cost  of  these 
experiments. 

The  Organic  Chemistry  Laboratory, 
University  College,  London. 


CXVIII. — The  Formation  and  Reactions  of  Imino-com- 
pounds.  Part  XIII.  The  Constitution  of  Ethyl 
fi-Imino-a-cyanoglutarate  and  of  its  Alkyl  De- 
rivatives. 

By  Arthur  Fred  Campbell  and  Jocelyn  Field  Thorpe. 

In  Part  X  of  this  series  (Trans.,  1909,  95,  1506)  an  instance  was 
recorded  in  which  the  five-membered  ring,  containing  four  carbon 
atoms  and  one  nitrogen  atom,  was  readily  formed  by  the  action  of 
sodium  ethoxide,  or  of  a  sodium  compound  dissociating  in  solution, 
on  a  y-amino-nitrile.  Thus  the  open-chain  compound  represented 
by  formula  (I)  could  not  be  isolated  from  the  product  of  the 
interaction  of  iodoacetonitrile  and  the  sodium  compound  of  ethyl 
jS-imino-a-cyanoglutarate,  the  only  substance  formed  being  the 
pyrrole  derivative  represented  by  formula  (II)  : 

NH2-C:C(CN)-C02Et  .      .NH-C:C(CN)-COjEt 

CN-CHg-CH-COjEt  ^^•^'^CHj-CHCO.,Et 

(L)  (II.) 

It   was    also   shown    that    ethyl    y-imino-o-cyanoglutarate   reacts 
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entirely  as  an  amino-compound,  and  that  the  sodium  compound 
formed  from  it  by  the  action  of  alcoholic  sodium  ethoxide  has  the 
constitution : 

C02Et-CHN"a-C(NH2):C(CN)-C02Et. 

In  Part  I  of  this  series  (Trans.,  1904,  85,  1737),  in  which  the 
alkylation  of  ethyl  )3-imino-a-cyanoglutarate  was  described,  it  was 
stated  that  the  introduction  of  the  second  methyl  group  into  this 
molecule  led  to  the  displacement  of  the  hydrogen  atom  attached  to 
the  cyanoacetic  resfdue,  and  not  of  the  remaining  hydrogen  atom 
of  the  methylene  group.  The  proof  of  this  statement  was  obtained 
in  two  ways,  first  because  the  dimethyl  derivative  on  complete 
alkaline  hydrolysis  gave  only  methylmalonic  acid,  and  not  a  mixture 
of  dimethylmalonic  and  malonic  acids,  which  would  have  been  the 
case  had  the  two  methyl  groups  been  attached  to  the  same  carbon 
atom,  thus : 
C02EfCHMe-C(:NH)-CMe(CN)-C02Et    -^ 

CHMe(C02H)2  +  CHMe(C02H)„ 
COgEf  CMe2-C(:NH)-CH(CN)-C02Et— >CMe2(C02H)2  +  CB:^{C0^II)1, 
and  secondly  because  the  same  dimethyl  derivative  was  formed  by 
the  condensation  of  ethyl  o-cyanopropionate  with  its  sodium 
derivative,  thus : 
COaEt-CNaMe-CN  +  H-CMe(CN)-C0.2Et     — > 

C02Et-CNaMe-C(:NH)-CMe(CN)-C02Et    -^ 

C02EfCHMe-C(:NH)-CMe(CN)-C02Efc. 

Since  that  time,  however,  it  has  been  ascertained  that  compounds 
of  this  type  are  true  amino-compounds  which  exhibit  no  chemical 
evidence  of  reacting  in  an  imino-form,  and  hence  it  follows  that 
before  the  methyl  group  can  enter  the  cyanoacetic  residue  a  shifting 
of  the  double  bond  must  ensue  about  the  central  carbon  atom,  thus : 

C02EfCHNa-C(NH2):C(CN)-C02Et  1st  sodium  compound. 

COaEf  CHMe-C(NH2):C(CN)-C02Eb  Monomethyl  derivative. 

COgEf  CMe:C(NH2)-CNa(CN)-C02Et  2nd  sodium  compound. 

C02EfCMe:C(NH2)-CMe(CN)-C02Efc  Dimethyl  derivative. 

A  change    of    this    kind   would    suggest    the     presence     of    an 

alternating   (mobile)    hydrogen  atom    capable   of   passing  between 

the  a-  and  a'-carbon  atoms  similar  to  that  which  it  was  suggested 

might   be   present  in   the   molecule   of    glutaconic  acid,    and   thus 

account  for  the  identity  of  the  a-  and  y-  (or  a'-)  positions : 

CH  C-NHg 

\ 
C(CN)-C02Et 


COjH-CH     CH-COaH  COgEt-CH 


H  H 

(Glutaconic  acid>)  (Ethyl  )9-imino-a''C7anoglutarate.) 
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If  this  view  is  correct,  the  methylation  of  the  amino-nitrile  would 
lead  to  the  formation  of  a  monomethyl  derivative  represented  by 
formula  (HI),   which,  on  treatment  with  sodium  ethoxide,  would 
yield  a  sodium  compound  represented  by  formula  (IV) : 
C-NHo  C-NH, 


/ 


COaEt-CMe 


C(CN)-C02Et  COjEt-CMe   CNa(CN)-C02Et 


H 

(III.)  (IV.) 

This  view  depends  entirely  on  the  assumption  that  the  compound 
is   a   true  amino-corapound,  because,   if   it  can   be  shown    that   it 
possesses  an  imino-phase,  the  "  wandering  "  of  the  double  bond  can 
be  explained  as  follows: 
C02Et-CMeH-C(NH2)^C(CN)-C02Et     ~> 

C02Et-CMeH-G(:NH)-CH(CN)*C0.,Et 

I 
C02Et-CMe:C(NH2)-CH(CN)-C02Et. 

The  experimental  evidence  on  this  point  has,  however,  led  us  to 
the  conclusion  that  a  compound  of  the  above  type  does  not  possess 
an  imino-phase,  but  reacts  only  in  the  amino-form  (Trans.,  1909, 
95,  1508).  If  this  is  so,  and  we  adduce  some  further  evidence  on 
this  point  later,  then  it  might  be  expected  that  the  swing  of  the 
hydrogen  atom  would  lead  to  the  formation  of  two  sodium  com- 
pounds, thus : 

C-NH2  C-NHg 

/%  ^\ 

COjEt-MeCNa    C(CN)-C02Et       C02EfCMe  C(CN)Na-C02Et, 

and  that  on  methylation  two  isomeric  dimethyl  derivatives  would 
be  formed  having  the  constitutions : 

C-NH2  C-NH2 

/  \  and  ^  \ 

C02EfCMe2  C(CN)-C02Et  C02Efc-CMe   CMe(CN)-C02Et.. 

We  have  carefully  repeated  the  work  previously  done,  using 
larger  quantities  of  material,  which  we  have  subjected  to  an 
exhaustive  process  of  fractional  recrystallisation,  and  have  suc- 
ceeded, not  only  in  isolating  the  two  isomeric  dimethyl  derivatives 
represented  above,  but  have  been  able  to  obtain  one  of  them  (the 
oo-dimethyl  derivative)  in  its  stereoisomeric  cis-  and  trans-iorms. 

The  recently  published  work  by  Feist  on  the  alkylglutaconic  acids 
(Annalen,  1909,  370,  41),  together  with  his  previous  paper  on  this 
subject  (Annalen,  1906,  345,  77),  shows  that  the  explanation 
advanced  by  one  of  us  (Trans.,  1905,  87,  1669)  to  account  for  the 
fact  that  glutaconic  acid  and  several  of  its  derivatives  cannot  be 

VOL.   XCVII.  4  R 
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obtained  in  cis-  and  trans-iovms  corresponding  with  maleic  and 
fumaric  acid  does  not  apply  to  the  monoalkyl  derivatives  of 
glutaconic  acid,  because  )3-niethylglutaconic  acid, 

COgH-CHICMe-CHg-CO^H 
(Annalen,    1906,  345,    77),   and   a-methylglutaconic  acid, 

COaH-CMelCH-CHa-COgH 
(Annalen,  1909,  370,  61),  can  be  isolated  in  cis-  and  trans-iorms. 

Still,  as  we  explained  some  time  ago  (Proc,  1906,  22,  146),  this 
does  not  necessarily  show  that  our  suggestion  as  to  the  con- 
stitution of  glutaconic  acid  is  wrong,  because  it  is  quite  conceivable 
that  the  entering  of  a  methyl  group  may  so  affect  the  mobility  of  the 
hydrogen  atom,  owing  to  steric  conditions  or  otherwise,  as  to  bring 
about  the  fixing  of  the  double  bond,  and  hence  lead  to  the 
conditions  which  allow  the  cis-  and  trans-iorms  to  exist. 
.  Until  it  can  be  shown  that  glutaconic  acid  can  be  isolated  in 
cis-  and  i  raws -modifications,  we  maintain  that  our  explanation  of 
the  constitution  of  this  acid  is  the  one  most  in  accordance  with  the 
experimental  facts. 

Apart,  however,  from  any  considerations  of  this  kind,  it  is  certain 
that  whenever  the  conditions  arise  in  the  molecule  of  the  alkyl- 
glutaconic  acids  which,  according  to  our  view,  causes  the  certain 
fixation  of  the  double  bond,  then  the  phenomenon  of  stereo- 
isomerism always  occurs,  and  the  cis-  and  trans-iorvas  can  be  isolated 
without  difficulty.  This  is  always  the  case  in  derivatives  of 
glutaconic  acid  when  the  two  a-hydrogen  atoms  are  substituted, 
thus:  COgH'CRg'CHICH'COgH,  and,  therefore,  in  the  analogous 
case  of  ethyl  i8-imino-a-cyanoglutarate,  should  also  occur  when  the 
corresponding  hydrogen  atoms  are  displaced,  as  is  the  case  in  both 
the  aa-   and   ao'-dimethyl  derivatives,  thus: 

aa'-Dimethyl  derivative,  C02Et-CMe:C(NH2)-CMe(CN)-C02Et. 
aa-Dimethyl  derivative,  C02Et-CMe2-C(NH2):C(CN)-C02Et. 

The  great  difficulty  entailed  by  separating  five  different  sub- 
stances by  fractional  recrystallisation  has  prevented  us  up  to  the 
present  from  being  able  to  isolate  the  two  forms  of  the  aa'-dimethyl 
derivative,  but,  as  already  mentioned,  we  have  separated  the  cis- 
and  ^rans-forms  of  the  oo-dimetliyl  derivative,  which  are  well- 
defined  crystalline  substances,  the  constitutions  of  which  are  clearly 
shown  by  the  products  they  yield  on  hydrolysis. 

Before  proceeding  with  the  separation  of  these  dimethyl 
derivatives,  we  decided,  in  the  first  instance,  to  investigate  the 
monomethyl  derivative, 

CO.,Et-CHMe-C(N'H2):C(CN)-C02Et, 
in  order  to  ascertain  whether  it  could  be  isolated  in  cis-  and  trans- 
modifications. 
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With  this  object  in  view,  we  prepared  large  quantities  of  this 
compound,  both  by  the  direct  methylation  of  the  sodium  compound 
formed  in  the  condensation  of  ethyl  cyanoacetate  and  its  sodium 
derivative : 
C02Et'CflNa-CN  +  H-CH(CN)-C02Et     — > 

C02EfCHNa-C(NH2):C(CN)-COoEt 

I 

4- 

C02EfCHMe-C(NH2):C(CN)-C02Et 

and  by  the  alkylation  of  pure  ethyl  )3-imino-o-cyanoglutarate  by 
means  of  sodium  ethoxide  and  methyl  iodide.  The  product  in  each 
case  was  found  to  be  a  pure  homogeneous  compound,  which, 
although  subjected  to  repeated  fractional  recrystallisation,  failed 
to  reveal  the  presence  of  any  second  substance. 

The  methyl  derivative  was  then  further  methylated  in  the  usual 
manner,  and  from  the  portion  soluble  in  benzene  three  substances 
were  isolated  by  fractional  recrystallisation  from  dilute  alcohol,  and 
finally  obtained  pure.  Their  behaviour,  as  indicated  in  the  follow- 
ing table,  clearly  indicated  their  structure : 

C02EfCMe:C(NH2)-CMe(CN)-C02Et 

M.  p.  64°.  C02Et-CMe2-C(NH2):C(CN)-CO.,Et 

o-Fcrm,  m.  p.  85°.     i8-Fonn,  m.  p.  99°. 


COsH- CMe./ C(NH2) :  C(CN)  •  COgEt 

M.  p.  135°  (with  decomposition). 

I 
J,  Heat. 

CHMe,-CXNH)-CH(CN)-C02Eb 

M.  p.  121°. 
I 

J,  Alkali. 

CHMe2-CO-CH(CN)-C02Et 

B.  p.  135— 137°/20  mm.  Gives  deep  red 

colour  with  fenic  chloride,  and  is 
soluble  in  sodium  carbouute  solution. 

I 

J,  Alkali. 

CHMe.-COjH  +  CH2(C02H)2. 

The  terms  a-  and  i3-forms  are  used  because  it  was  not  found 
possible  to  decide  between  the  cis-  and  ^rans-modifications. 

It  is  evident  therefore  that  the  second  methyl  group  unites  with 
both  the  o-  and  o'-carbon  atoms  of  ethyl  )8-imino-o-cyanoglutarate, 
although  we  find  that  the  amount  of  the  aa-dimethyl  derivative 
formed  is  very  much  less  than  that  of  the  ao'-dimethyl  derivative. 
These  facts  are  in  accordance  with  the  assumption  that  the  hydrogen 
atom  of  ethyl  i3-imino-a'-cyano-o-methylglutarate  alternates  between 

4  R  2 


Alkali 
carbonates. 


CH2Me-C(:NH)-CMe(CN)-C02Et 
M.  p.  119°. 

■^  Dilute  HoSO^. 

CH2Me-CO-CMe(CN)-C02Eb 

B.  p.  230— 2357763  ram.  Gives  no  colour 

with  ferric  chloride,  and  is  insoluble  in 

sodium  carbonate  solution. 

J,  Alkali. 

CH2Me-C02H  +  CHMe(C02H)3 
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the  a-  and  a'-carbon  atoms  as  in  glutaconic  acid,  but  that  the  period 
of  time  during  which  the"  hydrogen  atom  is  attached  to  the 
a'-carbon  atom  is  greater  than  that  during  which  it  is  attached  to 
the  o-carbon  atom.     This  could  be  represented  graphically  thus: 

C-NH„ 

COgEt-CMe  \C(CN)-C02Et. 

H 

So  far  as  could  be  judged  from  the  quantity  of  the  aa-dimethyl 
derivative  formed  in  the  above  methylation,  the  amount  was  not 
more  than  15  per  cent,  of  the  total  product,  and  it  is  evident 
therefore  that  the  phase  during  which  the  hydrogen  atom  swings 
towards  the  a-carbon  atom  is  very  short.  In  order  therefore  to 
settle  this  point  with  greater  certainty,  we  decided  to  treat  the 
sodium  compound  of  ethyl  )8-imino-a'-cyano-a-methylglutarate  with 
iodoacetonitrile,  because,  whether  the  sodium  atom  acted  on  the 
a-  or  o'-carbon  atom,  a  pyrrole  derivative  would  be  formed,  which 
could  easily  be  isolated  and  identified.  The  formation  of  pyrrole 
derivatives  in  this  manner  has  been  already  described  (Trans., 
1909,  95,  1506),  and,  therefore,  if,  in  the  above  condensation,  the 
sodium  acted  on  the  a-carbon  atom  (V)  a  pyrrole  derivative  (VI) 
would  be  formed,  thus : 
H2N-C:C(CN)-C02Et  H2N-C:C(CN)-C02Et 

NaCMe-COgEt  ~^      CN-OH2-CMe-C02Et  ~^ 

(V.) 

^    ^CHg-CMe-COgEt        ' 
(VL) 
and  this  compound  would  undergo  disruption  with  strong  alkalis, 
yielding  a  mixture  of  methylsuccinic  acid  and  malonic  acids,  thus : 

™-^<CH2-CMe  -^ 

CH^iCO^B.)^  and  COaH-CHg-CHMe-COgH 
in  the  same  manner  as  ethyl  2-imino-4-carbethoxytetrahydro- 
pyrrolidene-5-cyanoacetate  (VII)  (Trans.,  1909,  95,  1513),  which 
yields  under  these  conditions  a  mixture  of  succinic  and  malonic 
acids : 

^   ^CHg-CMe-COaEt  "^ 

{VII 

CH2(C02H)2  and  C02H-CH2-CH2-C02H. 

On  the  other  hand,  if  the  sodium  atom   attached  itself  to  the 
cyanoacetic  residue  as  in  formula  (VIII),  the  action  of  iodoaceto- 


^^<C1 
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nitrile    would    produce    a   pyrrole    derivative    corresponding  with 
formula  (IX)  : 

HgN-CICMe-COoEt  HgN-CICMe-COoEt 

NaC(CX)-CO.-,'Et        "^      CN-CH,-C(CN)-CO.,"Et      ~^ 
(VIII.) 

.XH.C:CMe-CO.Et 

^Hg-qCNj-COjEt ' 
(IX) 

It  is  difficult  to  predict  the  manner  in  which  this  pyrrole 
derivative  would  undergo  disruption  on  alkaline  hydrolysis,  but  if 
it  behaved  in  the  same  manner  as  ethyl  2-imino-4-carbethoxytetra- 
hydropyrrolidene-5-cyanoacetate,  it  would  yield  succinic  acid  (or 
ethanetricarboxylic  acid)  and  propionic  acid,  thus: 

NH-C:CMe-CO.,Et 
'   ^CH2-C(CN)-C02Et      ~^ 
(IX.) 

CHgMe-COgH  and  C02H-CH./CH./C0^,H. 

But  as  a  matter  of  fact  the  pyrrole  derivative  which  is  formed 
by  the  action  of  iodoacetonitrile  on  the  sodium  compound  of  ethyl 
)3-imino-a'-cyano-a-methylglutarate  undergoes  disruption  in  another 
manner,  which,  however,  clearly  shows  that  it  possesses  a  con- 
stitution represented  by  formula  (IX),  for  the  product  consists  of 
homolaevulic  acid  (X),  carbon  dioxide,  and  ammonia.  The  dis- 
ruption has  therefore  taken  place  in  the  following  way : 

,^   ^NH  •CICMe-CO.Et  HO-CIOMe-COoEt 

^CH.,-C(CX)-COoEt      ~^    CO.,H-CH2-C(CN)-C02Et       ~^ 
CO-CHMe-CO..H  CO'CH,Me 

C02H-CH2-C(COoH)2         '        ~'^     C0,H-CH2-CH,      "      +C02,«tc. 

(X.) 

The  formation  of  the  compound  of  formula  (IX),  which  we  have 
called  ethyl  2-iminoA-q/anoA-carbethoxyfetrahi/droj)t/rrolidene-5' 
a-propionate,  is  therefore  not  only  another  instance  of  the  formation 
of  the  pyrrole  ring  from  a  -y-amino-nitrile,  but  its  formation  also 
supplies  clear  proof  of  the  predominant  position  of  the  second 
sodium  atom  entering  the  molecule  of  ethyl  iS-imino-o-cyano- 
glutarate.  We  were  quite  unable  to  detect  the  presence  of  the 
pyrrole  derivative  corresponding  with  formula  (VI),  and,  in  the 
condensation,  the  whole  of  the  amino-ester  not  condensed  to  form 
the  above-mentioned  pyrrole  derivative  of  formula  (IX)  was 
recovered  unchanged. 

Ethyl    2-imino-4-cyano-4-carb€thoxytetrahydropyrroIidene-5-a-pro- 
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pionate  is  a  tautomeric  amino-imino  (ketimino-enamic)  compound 
reacting  in  the  two  forms: 

„^_   .NH-CICMe-CO^Et        ,    _  „  ^    .N— CICMe-CO.Et 

It  melts  at  216°,  and  is  converted  either  by  hydrochloric  acid  or 
by  nitrous  acid  into  ethyl  A-cyano-^-heto-Ai-carhethoxytetrahydro- 
pyrrolidene-5-a-propionate  (XI).  This  ketone  is  instantly  soluble 
in  sodium  carbonate  solution,  and  is  therefore  the  pyrrole  form 
as  represented  above.  This  form  is,  moreover,  stable,  and  does 
not  appear  to  pass  into  the  isopyrrole  form  corresponding  with  the 
transformation  of  ethyl  2-keto-4-carbethoxytetrahydropyrrolidene- 
5-cyanoacetate  (XII)  into  ethyl  2-keto-4-carbethoxydihydroiso- 
pyrrolyl-5-cyanoacetate   (XIII)  : 

NH-CrCMe-COaEt  NH-C:C(CN)-C02Eb 

^CH2-C(CN)-C02Et        ^CH2-CH-C02Et  ~'^ 

(XI.)  (XIL) 

.N=C.CH(CN).C02Et 
^CHg-CH-COgEt 
(XIII.) 
(compare  Trans.,  1909,  95,  1512). 

It  forms  salts  with  alkalis,  having  the  metal  attached  to  the 
nitrogen  atom;  when  the  silver  salt  (XIV)  is  treated  with  methyl 
iodide,  an  'N-methyl  derivative  (XV)  is  formed,  the  constitution  of 
which  is  proved  by  the  formation  of  homolsevulic  acid,  methylamine, 
and  ammonia  from  it  on  alkaline  hydrolysis : 

NAg-aCMe-COaEt     _  NMe-C:CMe-C02Et 

'^CH2-C(CN)-C02Et        "^         *^CH2-C(CN-)-C0,Et     ~^ 
{XI V.)  (XV.) 

CO-CH„Me  ^.„  ,.     . 

6h2.CH2-C02H    -^   NH2Me,&c. 

It  is  evident  therefore  that  the  desmotropism  of  the  pyrrole  and 
tsopyrrole  forms  of  these  compounds  is  determined  by  the  cyano- 
acetic  residue  outside  the  pyrrole  ring,  and  that  it  ceases  when  a 
less  negative  group  is  in  this  position.  Whether  or  not  the  two 
forms : 

.NH-CICMe-COgEt  N=:C-CHMe-C02Et 

^CH2-C(CN)-C02Et  ^^  ^CH.2-C(CN)-C02Et 

are  tautomeric,  we  have  at  present  no  means  of  ascertaining, 
although  it  is  highly  probable  that  they  are  so. 

Our  conclusions  are  therefore  as  follows. 

(1)  That  ethyl  ;8-imino-a-cyanoglutarate  is  constituted  in  an 
analogous  manner  to  glutaconic  acid,  that  is  to  say,  there  is 
tautomerism  between  the  o-  and  o'-carbon  atoms. 
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(2)  That  the  first  hydrogen  displaced  by  sodium  on  treating  this 
substance  with  sodium  ethoxide  is  not  the  mobile  hydrogen  atom 
producing  tautomerism,  but  the  remaining  hydrogen  atom  attached 
to  the  o-carbon  atom. 

(3)  That  when  this  hydrogen  atom  is  replaced  the  tautomeric 
nature  of  the  compound  becomes  evident,  because  the  next  sodium 
atom  unites  with  either  the  o-  or  a'-carbon  atom. 

(4)  That  so  long  as  the  mobile  hydrogen  atom  remains,  stereo- 
isomeric  forms  cannot  be  isolated,  but  so  soon  as  the  double  bond 
is  fixed  by  the  entrance  of  two  methyl  groups,  the  compound  can 
exist  in  <:/s- and  trans-iorms. 

Experimental. 

Ethyl   fi-Imirio-a'-cyano-a-inethylglutarate, 
C0.2Et-CHMe-C(NH2):C(CN)-CX)2Et. 

The  preparation  of  this  substance  in  large  quantities  was  effected 
in  two  different  ways  in  order  to  see  whether  by  varying  the  method 
of  production  any  difference  in  the  composition  of  the  product  could 
be  detected. 

(1)  From  the  sodium  compound  formed  in  the  condensation  of 
ethyl  cyanoacetate  with  its  sodium  derivative,  by  treatm,ent  with 
methyl  iodide. — This  is  by  far  the  best  method  for  obtaining  large 
quantities  of  the  pure  methyl  derivative,  and  as  the  process  was 
used  for  the  production  of  the  methyl  derivative  employed  in  this 
research  and  differed  from  that  previously  given  (Trans.,  1904,  85, 
1747),  it  is  advisable  to  g^ve  the  full  experimental  details.  ir5 
Grams  of  sodium  were  dissolved  in  150  grams  of  alcohol,  the 
solution  was  mixed  with  113  grams  of  ethyl  cyanoacetate,  and  then 
heated  on  the  water-bath  for  two  hours.  At  the  end  of  this  time 
the  clear,  brownish-coloured  solution  was  cooled  and  mixed  with 
75  grams  of  methyl  iodide,  the  solution  being  heated  on  the  water- 
bath  for  a  further  two  hours.  Water  was  then  added,  and  the 
product  distilled  in  a  current  of  steam  until  the  distillate  became 
free  from  oil.  The  residue  in  the  flask,  which  solidified  on  cooling, 
was  then  collected  by  filtration. 

(2)  From  Ethyl  ^-Imino-a-cyanoglutarate  hy  treatment  with 
sodium  ethoxide  and  methyl  iodide. — The  process  adopted  in  this 
case  was  essentially  the  same  as  above,  pure  ethyl  j3-imino-o-cyano- 
glutarate,  prepared  as  already  described  (Trans.,  1909,  95,  1518), 
being  treated  in  alcoholic  solution  with  an  equivalent  amount  of 
sodium  dissolved  in  alcohol,  and  then  with  a  slight  excess  of  methyl 
iodide,  the  reaction  being  completed  by  heating  on  the  water-bath 
for  two  hours.  The  product  was  purified  and  isolated  by  steam 
distillation  in  the  manner  described  above. 
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The  solid  product  prepared  by  each  of  these  methods  was  then 
separately  subjected  to  a  process  of  fractional  recrystallisation  from 
dilute  alcohol.  The  melting  point  of  each  fraction  was  63 — 64°, 
the  melting  point  previously  found  for  ethyl  )8-imino-a'-cyano- 
o-methylglutarate,  and  allowing  for  a  small  quantity  of  oily  product 
which  could  not  be  obtained  crystalline,  it  can  be  stated  with 
certainty  that  no  other  compound  is  formed  in  these  reactions. 

As  the  method  of  fractional  recrystallisation  from  dilute  alcohol 
in  this  case  was  the  same  as  that  adopted  with  the  dimethyl 
derivatives  described  below,  the  opportunity  may  be  taken  of 
briefly  describing  it.  In  every  case  the  solid  substance  was  dissolved 
in  warm  alcohol,  and,  after  the  solution  had  been  cooled,  sufficient 
water  was  added  until  it  became  cloudy,  when  a  drop  of  alcohol 
again  produced  a  clear  solution,  which  was  allowed  to  remain.  In 
the  course  of  a  few  hours,  crystals  had  separated,  which  were 
collected.  Water  was  then  added  to  the  mother  liquor  until  it  was 
again  cloudy,  when  alcohol  was  added  until  clear,  and  a  fresh  crop 
of  crystals  obtained  by  keeping  the  solution  for  some  time.  This 
process  was  repeated  until  the  mother  liquor  ceased  to  give  a 
precipitate  of  oil  on  the  addition  of  water.  In  this  way  several 
fractions  were  obtained,  which  were  each  subjected  to  the  same 
process,  the  fractions  being  combined  and  recrystallised  together  so 
soon  as  they  showed  the  same  melting  point. 

The  Methylation  of  Ethyl  fi-Imino-a'-cyano-a-methylglutarate. 

As  it  was  found  that  by  the  complete  methylation  of  ethyl 
)8-imino-a'-cyano-a-methylglutarate  under  the  condition  employed 
only  one  methyl  group  could  be  introduced,  the  methylation  of  this 
compound  to  form  the  dimethyl  derivative  was  effected  by  means  of 
excess  of  sodium  ethoxide  and  methyl  iodide,  the  operation  being 
carried  out  twice.  This  was  found  to  be  necessary,  because,  when 
the  compound  was  methylated  once  only,  some  unchanged  mono- 
methyl  derivative  was  always  found  in  the  product. 

(1)   Ethyl   fi-Imino-a-cyanovalerate, 
CH3-CH2-C(:NH)-CH(CN)-C02Et. 

This  substance  is  always  formed  in  the  above  methylation,  owing 
to  the  elimination  of  a  carbethoxy-group  from  ethyl  i8-imino- 
o'-cyauo-o-methylglutarate  by  the  action  of  sodium  ethoxide.  It 
appeared  to  be  impossible  to  prevent  this  action  even  by  keeping 
the  temperature  very  low.  The  method  adopted  to  effect 
methylation  was  as  follows.  Twenty-four  grams  of  ethyl  )8-imino- 
a'-cyano-o-methylglutarate  were  mixed  with  a  solution  of  3  grams 


REACTIONS    OF   IMINO-COMPOUNDS.      PART   XIII.  1309 

of  sodium  dissolved  in  50  grams  of  alcohol,  and  16  grams  of  methyl 
iodide  added.  After  the  solution  had  been  heated  on  the  water- 
bath  until  a  test  portion  showed  a  neutral  reaction  on  dilution, 
water  was  added,  and  the  oil  extracted  with  ether.  The  residue 
left  on  evaporating  the  ether  was  then  again  treated  with  3  grams 
of  sodium  dissolved  in  alcohol  and  16  grams  of  methyl  iodide  in 
the  same  manner  as  above,  when  the  ultimate  product,  which 
became  solid,  was  spread  on  a  porous  plate  until  free  from  oil. 

The  solid  residue  was  then  rubbed  with  cold  benzene,  in  which 
the  greater  portion  dissolved,  leaving  a  crystalline  substance,  which, 
after  being  twice  recrystallised  from  benzene,  yielded  fern-shaped 
crystals,  melting  at  121° : 

0-2021  gave  0-4254  COo  and  0-1295  HoO.     C  =  57*41;  H  =  7-12. 
CgHjoOoNo  requires  C  =  57-l;  H  =  7-l  per  cent. 

The  analytical  data  and  the  formation  of  ethyl  a-cyano-)8-keto- 
valerate,  CH3-CH,-C0-CH(CN)-C0oEt  (Found,  C  =  56-88 ;  H=:  6-45. 
Calc,  C  =  56-8;  H  =  6"5  per  cent.),  from  this  substance,  on  treatment 
with  dilute  potassium  hydroxfde,  showed  it  to  be  ethyl  )8-imino- 
a-cyanovalerate. 

It  may  be  mentioned  here  that  by  far  the  best  method  for 
transforming  an  imino-compound  of  the  type 

K-C(:NH)-CH(CN)-COoEt 

into  the  corresponding  ketone  is  by  warming  it  with  aqueous 
potassium  hydroxide  solution  until  all  ha-s  dissolved,  and  then 
acidifying  the  clear  solution  in  order  to  precipitate  the  ketone. 
These  compounds  are  tautomeric  ketimino-enamic  derivatives  having 
a  longer  enamic  than  ketimino-phase.  They  are  consequently  only 
slowly  hydrolysed  by  acids,  whereas  with  alkalis  they  are  rapidly 
transformed  into  the  alkali  salt,  R-C(0K):C(CN)-C02Et,  which  is 
very  stable  towards  boiling  alkalis. 

(2)   The  a-  and  fi-forms  of  Ethyl  ^-Imino-a'-cyano-aa-dimethyl- 
(jlutarate,  C02Et-CMe2-C(NH2):C(CN)-C02Et. 

The  benzene  solution  obtained  in  the  above  separation  was 
evaporated  to  dryness,  and  the  residue  again  triturated  with  cold 
benzene,  when  a  further  small  quantity  of  the  subst^ance  melting  at 
121°  was  obtained.  The  solid  residue,  after  again  evaporating  the 
benzene,  was  then  fractionally  recrystallised  from  dilute  alcohol 
in  the  manner  already  described.  The  first  fractions  indicated  the 
presence  of  some  substance  much  less  soluble  in  the  solvent  than 
the  other  constituents  of  the  mixtures.  This  was  therefore  collect-ed, 
and  finally  obtained  pure  by  recrystallisation  from  absolute  alcohol, 
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from    which   solvent  it   separated  in   long,  silky    needles,   melting 
at  99°: 

0-1937  gave  0-4027  COg  and  0-1254  HoO.     C  =  56-70 ;  H  =  7-20. 
CigHigO^No  requires  C  =  56-70;  H  =  7-l  per  cent. 

The  above  o-form  of  ethyl  ;8-imino-a'-cyano-ao-dimethylglutarate  is 
so  much  less  soluble  in  dilute  alcohol  than  the  other  substances 
present  in  the  mixture  that  its  separation  is  a  comparatively  simple 
matter. 

The  residues  from  which  the  substance  melting  at  99°  had  been,  so 
far  as  possible,  separated  were  then  subjected  to  a  further  process 
of  fractional  recrystallisation,  and  ultimately  two  more  compounds 
were  isolated  in  a  pure  condition.  The  first  of  these,  which  was 
found  to  be  present  in  large  quantities,  separated  from  dilute 
methyl  alcohol  in  small  prisms,  melting  at  64° : 

0-1790  gave  0-3740  COo  and  0-1167  HgO.     C  =  56-42;  H  =  7-25. 
C12H18O4N2  requires  C  =  56-70;  H  =  7-l  per  cent. 

Since  this  compound  showed  all  the  reactions  of  ethyl  jS-imino- 
a'-cyano-ao'-dimethylglutarate, 

C02Et-CMe:C(NH2)-CMe(CN)-C02Et, 
already  described  (Trans.,  1904,  85,  1751),  its  constitution  is 
evidently  represented  by  this  formula.  The  second  substance, 
which  was  present  in  small  amount,  was  obtained  from  the  mother 
liquors  after  the  substance  melting  at  64°  had  been,  so  far  as 
possible,  separated.  It  was  ultimately  obtained  from  dilute  methyl 
alcohol  in  large,  rectangular  prisms,  melting  at  85° : 

0-1862  gave  03925  CO2  and  0-1209  H2O.     C  =  57-51;  H  =  7-22. 
Cj2ni804N2  requires  C  =  56-7(T;  11  =  7-1  per  cent. 

The  reactions  of  this  compound,  given  below,  showed  that  it  had 
the  same  structural  formula  as  that  of  the  compound  melting  at 
99°.  It  was  therefore  recrystallised  several  times  in  order  to 
ascertain  whether  it  was  an  impure  form  of  this  compound.  Re- 
crystallisation,  however,  failed  to  alter  the  melting  point,  and  this 
fact,  together  with  the  well-defined  crystalline  form,  which  is  quite 
different  from  that  of  the  compound  melting  at  99°,  showed  con- 
clusively that  it  was  a  homogeneous  substance  stereoisomeric  with 
the  compound  of  higher  melting  point. 

The  mother  liquors  yielded  further  crystalline  crops  on  further 
dilution,  but  these  possessed  indefinite  melting  points,  and  by 
repeated  fractional  recrystallisation  yielded  further  small  quantities 
of  the  compounds  already  described.  The  ultimate  fractions 
separated  as  oils,  which  could  not  be  induced  to  solidify,  and  it  was 
not  found  possible  to  isolate  any  crystalline  substance  from  them, 
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The  Products  of  Hydrolysis  of  the  a-  and-  $-forms  of  Ethyl  P-Imino- 
a'-cyano-aa-dimethylglntarate. 

(1)  Ethyl   Hydrogen  ^-Imino-a'-q/ano-aa-dvmethylglutarate, 
C02H-CMe2-C(NH,):C(CN)-C02Et. 

Both  the  a-  and  /3-forms  of  ethyl  )8-imino-a'-cyano-aa-dimethyl- 
glutarate  yield  this  hydrogen  salt  on  treatment  with  potassium 
hydroxide  solution,  the  conditions  found  most  suitable  being  as 
follows.  Five  grams  of  the  imino-compound  were  added  to  a 
solution  of  one  and  a-half  times  the  calculated  quantity  of  potassium 
hydroxide  dissolved  in  methyl  alcohol,  and  the  solution,  which 
became  warm,  allowed  to  remain  until  a  test  portion  gave  a  clear 
solution  on  the  addition  of  water,  when  the  excess  of  methyl 
alcohol  was  evaporated  so  far  as  possible  under  diminished  pressure, 
and  dilute  hydrochloric  acid  added  to  the  residue  tmtil  it  gave  an 
acid  reaction.  The  oil,  which  was  precipitated  on  the  addition  of 
the  acid,  solidified  on  scratching,  and  when  recrystallised  from 
dilute  alcohol  yielded  small  prisms  melting  at  135°  with  vigorous 
evolution  of  carbon  dioxide: 

0-1910  gave  0-3712  CO,  and  01083  HoO.     C  =  53-00 ;  H  =  6-30. 
C10H14O4N2  requires  C  =  53-l;H  =  6-2  per  cent. 

The  hydrogen  salt  can  also  be  recrystallised  from  water,  but  care 
must  be  taken  not  to  boil  the  solution,  otherwise  some  carbon 
dioxide  is  evolved. 

(2)  Ethyl  0-Imino-a-cyanoisobufylacetate, 
C3H7-C(:NH)-CH(CN)'C02Et. 

This  substance  is  formed  by  heating  the  hydrogen  ethyl  salt 
described  above  at  150°  until  the  evolution  of  carbon  dioxide  has 
ceased.  For  this  purpose  the  salt  was  placed  in  a  test-tube  and 
heated  in  a  bath  of  sulphuric  acid  at  the  requisite  temperature, 
and  as  soon  as  the  evolution  of  gas  had  ceased,  it  was  cooled,  and 
the  solid  which  then  formed  was  purified  by  spreading  on  a  porous 
plate.  When  recrystallised  from  dilute  alcohol,  it  formed  glistening 
plates,   melting  at  121°: 

0-1873  gave  0-4063  CO,  and  01315  HoO.     C  =  5916;  H  =  7-80. 
CgHj^OgNo  requires  0  =  593;   H  =  77  per  cent. 

(3)  Ethyl  Cyanoisobufyrylacetate,  C3H7-CO-CH(CN)-COoEt. 

In  order  to  prepare  this  substance  from  the  above  imino- 
compound,   it    is   necessary  to   warm  it   gently    with    an    aqueous 
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solution  containing   slightly  more   than  the  requisite  quantity  of 
potassium  hydroxide  to  form  the  potassium  salt, 

C3H7-C(OK):C(CN)-C02Et. 
The  complete  transformation  of  the  imino-compound  into  the 
potassium  salt  is  effected  when  the  whole  of  the  imino-compound 
has  passed  into  solution,  but  care  must  be  taken  to  keep  the 
temperature  as  low  as  possible.  When  the  clear  alkaline  solution 
is  acidified,  an  oil  is  precipitated,  which,  when  extracted  by  ether, 
yields  a  clear,  mobile  liquid  boiling,  on  distillation,  at  135 — 137°/ 
20  mm. : 

0-2117  gave  0-4565  COg  and  0-1375  HgO.     C  =  58-80;  H-7-21. 
C9H13O3N  requires  C  =  59-0;  H  =  7-l  per  cent. 

The  ketone  dissolves  in  aqueous  sodium  carbonate  with  effer- 
vescence, and  gives  in  alcoholic  solution  a  deep  red  colour  with 
ferric  chloride. 

The  silver  salt,  CgHjoOsNAg,  is  precipitated  as  a  white,  micro- 
crystalline  powder  on  adding  the  calculated  quantity  of  silver 
nitrate  solution  to  a  neutral  solution  of  the  ammonium  salt : 

0-2512  gave  0-0934  Ag.     Ag  =  37-17. 

CgHigOsNAg  requires  Ag  =  37-24   per  cent. 

(4)  isoButyric  Acid  and  Malonic  Acid. — These  acids  form  the 
ultimate  products  of  the  hydrolysis  of  ethyl  cyanozsobutyrylacetate, 
and  can  be  isolated  in  the  following  way.  The  ketone  is  dissolved 
in  excess  of  aqueous  potassium  hydroxide,  and  the  solution  boiled 
until  ammonia  ceases  to  be  evolved,  when  it  is  acidified  with  dilute 
sulphuric  acid  and  distilled  in  a  current  of  steam  until  the  distillate 
is  no  longer  acid.  The  steam  distillate  is  then  rendered  alkaline 
with  ammonia,  and  evaporated  on  the  water-bath  to  a  small  bulk. 
Silver  nitrate  solution  is  then  added,  and  the  precipitated  silver 
salt  recrystallised  from  hot  water.  (Found,  Ag  =  55-21.  Calc, 
Ag  =  55-38  per  cent.)  The  acid  was  characterised  as  Mobutyric  acid 
by  the  formation  of  the  calcium  salt. 

The  residue  from  the  steam  distillation  was  then  rendered  alkaline 
and  evaporated  to  dryness,  the  residue  being  acidified  with  hydro- 
chloric acid  and  again  evaporated.  On  extracting  the  solid  residue 
in  a  Soxhlet  apparatus  with  ether,  a  solid  residue  was  obtained, 
which,  when  pui'ified,  melted  at  132°,  and  was  proved  to  be  malonic 
acid.  (Found,  0=34-42;  H  =  3-8.  Calc,  0  =  34-6;  H-3-8  per 
cent.) 

When  ethyl  j8-imino-a'-cyano-aa-dimethylglutarate  in  either  its 
a-  or  iS-form  is  boiled  with  excess  of  potassium  hydroxide  until  all 
ammonia  has  been  evolved,  the  product  is  found  to  consist  of 
isobutyric  acid,  dimethylmalonic  acid,  and  malonic  acid.  The  first- 
named    can    be  isolated    by  distilling     the     acidified     product    of 
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hydrolysis  in  a  current  of  steam  in  the  manner  already  described, 
and  the  two  last,  which  are  extracted  by  ether  from  the  evaporated 
residue,  can  be  separated  by  taking  advantage  of  the  fact  that 
dimethylmalonic  acid  is  quite  insoluble  in  cold  concentrated  hydro- 
chloric acid,  whereas  malonic  acid  readily  dissolves. 

The  above  experiments  were  carried  out  with  both  the  a-  and 
;3-forms  of  ethyl  )3-imino-a'-cyano-aa-dimethylglutarate,  and  there 
can  therefore  be  no  doubt  as  to  these  two  compounds  being  stereo- 
isomeric.  The  conditions  under  which  one  form  is  converted  into 
the  other  could  not  be  determined. 

The  Formation  of  Pyrrole  Derivatives  from  Ethyl  fi-Imino-a'-cyano- 
a-methylglutarate. 

h'  t  hyl   1-lm  inoA-cyan  o-A-carb  ethoxyte  trahydrojn/rrolidene'h  -a-pro- 

TTXT-r.  /N^I  -CICMelCOgEt 
jnonate,   HN.C<^jj^.  i,^^^^.^^^^^. 

This  compound  is  formed  by  the  action  of  iodoacetonitrile  on  the 
sodium  compound  of  ethyl  /3-imino-a'-cyano-a-methylglutarate  under 
the  following  conditions.  2'3  Grams  of  sodium  are  dissolved  in 
50  grams  of  alcohol,  and  the  solution  is  mixed  with  24  grams  of 
ethyl  )8-imino-a'-cyano-a-methylglutarate  dissolved  in  as  little  alcohol 
as  possible.  16' 7  Grams  of  iodoacetonitrile  are  then  added  to  the 
cooled  solution,  and  the  mixture  is  heated  on  the  water-bath  for 
ten  minutes.  After  this  time  the  clear  solution  is  poured  into 
water,  and  the  solution  extracted  by  ether,  when  a  crystalline 
substance  remains  undissolved  and  can  be  isolated  by  filtration. 
The  ethereal  solution  deposits  more  of  the  substance  after  some 
time.  The  pyrrole  derivative  obtained  in  this  way  crystallises 
from  alcohol  in  yellow  plates,  melting  at  216°: 

01810  gave  0-3715  COg  and  0*1070  H2O.     C  =  56-02;  H  =  6-3. 
CJ3H17O4N3  requires  C  =  559;  H  =  6'l  per  cent. 

The  yield  of  the  pyrrole  derivatives  is  very  small,  being  only 
about  10  per  cent,  of  the  theoretical  amount,  the  remainder  of  the 
ethyl  j3-imino-a'-cyano-a-methylglutarate  used  in  the  experiment 
being  recovered  unchanged  on  evaporating  the  ethereal  solution 
after  all  pyrrole  derivative  has  crystallised  out.  It  is  evident, 
therefore,  that  under  the  experimental  conditions  employed,  the 
major  portion  of  the  sodium  compound  of  ethyl  jS-imino-o'-cyano- 
o-methylglutarate  dissociates  in  the  alcoholic  solution,  and  reacts 
with  iodoacetonitrile  as  sodium  ethoxide.  No  trace  of  any  other 
pyrrole  derivative  could  be  isolated. 

The  compound  melting  at  216°  is  insoluble  in  cold  aqueous 
sodium    carbonate,     but    slowly    passes    into  solution    on   boiling, 
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ammonia  being  evolved.  If  the  solution  is  acidified  after  all 
ammonia  has  been  given  off,  the  ketone,  melting  at  128°  (see  below), 
is  precipitated.  It  dissolves  in  cold  aqueous  potassium  hydroxide, 
forming  a  solution  from  which  acetic  acid  precipitates  it  unchanged. 
It  also  dissolves  in  concentrated  hydrochloric  acid,  forming  a  clear 
solution,  from  which  the  imino-compound  is  precipitated  by  the 
addition  of  much  water.  The  compound  may  be  recrystallised 
from  water. 


Ethyl   4:-Ci/ano-2~Jceto-4:-carbethoxytetrahi/dropyrroUdeiie-5-a-pro- 

When  a  solution  of  the  imino-compound,  melting  at  216°,  in 
concentrated  hydrochloric  acid  is  poured  into  an  equal  volume  of 
boiling  water  a  clear  solution  is  obtained,  from  which,  after  the 
lapse  of  a  few  seconds,  an  oil  suddenly  separates.  This  oil  solidifies 
when  the  solution  is  cooled  and  scratched,  and  the  solid  then 
obtained  separates  from  dilute  alcohol  in  small,  colourless  needles, 
melting  at  128° : 

0-1825  gave  0-3721  COo  and  0-0972  HoO.     C  =  55-81 ;  H  =  5-81. 
CisHigOjNg  requires  C  =  55-7;  H  =  5-7   per   cent. 

The  ketone  gives  no  colour  with  ferric  chloride,  and  is  soluble  in 
aqueous  sodium  carbonate,  yielding  a  clear  solution,  from  which 
acids  precipitate  it  unchanged.  There  is  therefore  no  tendency  for 
this  substance  to  exhibit  desmotropism. 

1.     ^^  ^NK-C:CMe-CO<,Eb     .  .   .,  ,    , 

The  -potassium  salt,    C0<'  '  r^r\  v^  '    ^^  precipitated   as 

an  oil  when  a  solution  of  the  ketone  in  dilute  aqueous  potassium 
hydroxide  is  mixed  with  excess  of  the  reagent.  The  oil  solidifies 
on  keeping,  and  can  be  purified  by  recrystallisation  from  a  small 
quantity  of  ethyl  alcohol,  from  which  it  separates  in  small,  colour- 
less prisms.  It  is  readily  soluble  in  both  ethyl  and  methyl  alcohol : 
0-2328  gave  0-0630  K2SO4.     K  =  12-13. 

CisHjjOjNoK  requires  K  =  12-3  per  cent. 

m,       •,  1.    ^^ /NAg-C'.CMe-COoEt    .    , 

The  silver  salt,  C0<"  A//-i>.t\  ru-w  '  is  formed  as  a  gelatinous 

Oxlg    U(OjN)*u(J.,Et 

precipitate  when  the  calculated  quantity  of  silver  nitrate  solution 

is  added  to  a  solution  of  the  potassium  salt  in  water.     It  can  be 

dried  at  80°  without  undergoing  change,  and  is  then  obtained  as 

an   amorphous  powder,  which  is  characterised  by  being  instantly 

soluble  in  dry  benzene: 

0-2871  gave  0-0798  Ag.     Ag  =  27-79. 

CijHjsOgNgAg  requires  Ag  =  27-9   per  cent. 


REACTIONS   OF   IMINO-COMPOUNDS.      PART   XIII.  1315 


Hydrolysis  of  the  Ketone  to  Homolaevulic  Acid. 

The  hydrolysis  of  ethyl  4-cyano-2-keto-4-carbethoxytetrahydro- 
pyrrolidene-5-a-propionate  to  homolaevulic  acid  is  efifected  in  the 
following  manner.  Five  grams  of  the  ketone  are  dissolved  in  excess 
of  aqueous  potassium  hydroxide,  and  the  solution  is  boiled  until 
all  ammonia  has  been  evolved,  when  the  solution  is  rendered 
strongly  acid  by  means  of  hydrochloric  acid,  and  the  acidified 
solution  again  boiled  until  all  carbon  dioxide  has  been  eliminated. 
It  is  then  extracted  with  ether  and  the  ethereal  solution  evaporated, 
when  a  syrup  is  obtained  which  distils  at  183°/20  mm.  as  a  viscid 
oil,  and  solidifies  when  cooled  in  a  mixture  of  ice  and  salt.  The 
solid  melts  at  32°  (compare  Zanetti,  Gazzetta,  1891,  21,  ii,  169; 
Hillert,  Annalen,  1892,  268,  69).  (Found,  C  =  55-27;  H  =  7-80. 
Calc,  C  =  55'4;  H  =  7'7  per  cent.) 

The  semicarhazone  separates  as  a  crystalline  precipitate  when  a 
solution  of  semicarbazide  hydrochloride  dissolved  in  sodium  acetate 
solution  is  added  to  an  aqueous  solution  of  the  ketonic  acid.  It 
crystallises  from  alcohol,  in  which  it  is  only  sparingly  soluble,  in 
small  prisms,  melting  and  decomposing  at  176°: 

0-1803  gave  0-2959  CO^  and  01116  HgO.     C  =  44-7;  H  =  6-8. 
C7H13O3N3  requires  C  =  44-9;  H  =  6'9  per  cent. 

Ethyl  A-Gyano-%keto-A-carhethoxy-\-methyltetrahydro'pyrrolidene' 

r.r.  ^NMe-CICMe-COoEt 
^-"■^'•"^^"""'^'^^<CH,-C(CN)-CO;Ef 

The  above  i\"-methyl  derivative  is  best  prepared  by  the  action  of 
methyl  iodide  on  the  silver  salt  of  the  ketone  in  dry  benzene 
solution.  Five  grams  of  the  ketone  melting  at  128°  are  converted 
into  the  silver  salt  in  the  manner  described  on  page  1314,  and 
a  solution  of  the  dried  salt  in  dry  benzene  is  mixed  with  excess 
of  methyl  iodide.  The  reaction  starts  at  the  ordinary  temperature, 
silver  iodide  separating  as  soon  as  methyl  iodide  is  added,  and  is 
completed  by  warming  for  a  short  time  on  the  water-bath.  The 
benzene  solution,  after  being  freed  from  silver  iodide  by  filtration, 
is  then  evaporated  to  dryness,  and  the  oil  which  remains  is  allowed 
to  crystallise.  It  was  purified  by  recrystallisation  from  dilute 
methyl  alcohol,  from  which  solvent  it  separated  in  small  plates, 
melting  at  75° : 

01912  gave  03998  COo  and  01062  H^O.     C  =  57-02;  H  =  6-17. 
Cj4H]805N2  requires  C  =  571 ;  H  =  6-l  per  cent. 


1316      FRANKLAND  :    A  SYNTHESIS  OF  TETRAHYDROURIC   ACID. 


Hydrolysis  of  the  "N-M ethyl  Derivative  to  H omolaevnlic  Acid  and 

Methylamine. 

This  hydrolysis  was  effected  by  the  action  of  aqueous  potassium 
hydroxide  in  the  following  manner.  Three  grams  of  the  iV-methyl 
derivative  were  added  to  a  solution  containing  one  and  a-half  times 
the  quantity  of  potassium  hydroxide  necessary  for  complete 
hydrolysis,  and  the  mixture  was  boiled  under  conditions  which 
allowed  the  methylamine  formed  to  be  collected  (compare  Trans., 
1909,  95,  1530).  The  hydrolysis  proceeded  rapidly,  and  was 
finished  at  the  end  of  half  an  hour.  The  residue  in  the  flask  was 
then  acidified,  boiled  until  free  from  carbon  dioxide,  and  extracted 
with  ether.  The  ethereal  extract,  on  being  evaporated,  yielded  a 
syrup,  which  solidified  on  cooling,  and  melted  at  32°.  It  yielded 
a  semicarbazone,  melting  and  decomposing  at  176°,  and  was  there- 
fore homolgevulic  acid.  (Found,  C  =  44-77;  H  =  6-78.  Calc, 
C  =  44-9;  H=:6-9  per  cent.) 

The  hydrochloric  acid  solution  into  which  the  volatile  products 
of  the  hydrolysis  had  been  led  was  then  evaporated  to  a  small  bulk, 
and  the  solution,  after  being  mixed  with  excess  of  platinic  chloride 
solution,  diluted  with  an  equal  volume  of  alcohol.  The  yellow 
plates  which  then  separated  were  collected,  dried,  and  analysed. 
(Found,  Pt  =  41-18.     Calc,  Pt  =  41-34  per  cent.) 

The  base  was  therefore  methylamine. 

Much  of  the  expense  entailed  by  this  research  has  been  met  by 
grants  from  the  Government  Grant  Committee  of  the  Royal  Society 
and  from  the  Research  Fund  of  the  Chemical  Society,  for  which 
we  desire  to  express  our  indebtedness. 

The  Sorbt  Research  Laboratory, 

The  University, 

Sheffield. 


CXIX. — A  Synthesis  oj  Tetrahydrouric  Acid. 

By  Edward  Percy  Frankland. 

Tafel  has  shown  (Ber.,  1901,  34,  258)  that  the  electrolytic 
reduction  of  uric  acid  on  a  lead  cathode  leads  to  the  formation 
of  three  different  substances  in  proportions  varying  with  the 
experimental  conditions,  namely,  purone  (II),  isopurone  (HI),  and 
tetrahydrouric  acid   (IV)  or  (V) : 


praNkland:  a  synthesis  op  tetrahydrouric  acid.    1317 
NH-CHg  NH-CH-, 

NH-C-NH^  NH-CH-NH^ 

(I.)  (II.) 

NH-CHg  NH-CH,  NH-CH, 

6o  C— NH  CO    CH:NH  6o  CH-NH 

NH-CH  NHg-^  NH2  CO-NH-^  NH-CO  NH.,^ 

(HI.)  (IV.)  {V.) 

Desoxyxiric  acid  itself  (I),  probably  the  first  step  in  the  reduction, 
could  not  be  isolated,  and  Tafel  considered  that  this  substance 
either  was  at  once  reduced  further  to  purone  or  that  it  reacted 
with  the  elements  of  water  to  form  tetrahydrouric  acid,  one  of  the 
rings  opening  in  the  process. 

The  present  paper  describes  an  attempt  to  synthesise  this  hypo- 
thetical desoxyuric  acid,  starting  from  ajS-diaminopropionic  acid, 
NHo-CH.2'CH(NHo)-COoH.  The  monohydrobromide  of  this  amino- 
acid,  together  with  the  requisite  quantity  of  either  hydrobromic  or 
hydrochloric  acid  for  the  saturation  of  the  second  amino-group,  was 
allowed  to  react  in  aqueous  solution  with  a  corresponding  weight 
(two  molecules)  of  potassium  cyanate. 

The  resulting  urea  derivative  was  in  general  not  isolated  owing 
to  the  diflBculty  experienced  in  its  purification;  it  was  dissolved 
in  25  per  cent,  hydrochloric  acid,  and  the  solution  evaporated  in 
order  to  form  the  corresponding  hydantoin.  This  proved  to  be  a 
beautifully  crystalline  substance,  soluble  in  wat^r,  giving  a  solution 
having  an  acid  reaction  towards  litmus,  and  melting  with  decom- 
position and  gas  evolution  at  216°.  The  results  of  an  analysis 
indicated  clearly  that  this  substance  was  the  intermediate  stage 
towards  desoxyuric  acid,  namely,  tetrahydrouric  acid,  in  which  only 
one  ring  is  closed  with  elimination  of  a  molecule  of  water.  The 
experiment  thus  resulted  in  the  synthesis  of  tetrahydrouric  acid, 
although  the  method  was  not  such  as  to  enable  a  decision  to  be 
made  between  the  two  possible  formulae  (IV)  and  (V).  These  are 
based  on  Tafel's  decomposition  of  tetrahydrouric  acid  with  baryta 
{Ber.,  1901,  34,  1182)  (which  yielded  one  molecule  of  diamine- 
propionic  acid  and  two  molecules  of  carbon  dioxide),  and  are  con- 
firmed by  the  present  synthesis : 
NH2-CH.2-CH(NH2)-C02H,HBr  +  HBr  +  2KCN0  = 

2KBr  +  NH2-CO-NH-CH2-CH(NH-CO-NH2)-C02H, 
(Not  isolated.) 
NH2-CO-NH-CH2-CH(NH-CO-NH2)-C02H  = 

HgO  +  Tetrahydrouric  Acid. 

A  portion  of  the  tetrahydrouric  acid  thus  obtained  was  dissolved 
in  25  per  cent,  hydrochloric  acid,  and  the  solution  evaporated  to  a 
VOL.  XCVil  4  S 
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syrup,  from  which,  by  precipitating  with  alcohol,  tetrahydrouric 
acid  was  recovered  unchanged.  Apparently  the  substance  cannot 
be  condensed  to  desoxyuric  acid  by  this  process. 

The  mother  liquor  from  which  the  tetrahydrouric  acid  had  been 
removed  in  the  original  preparation  contained  a  syrupy  substance, 
very  soluble  in  water.  This  does  not  yield  tetrahydrouric  acid  on 
further  heating  with  hydrochloric  acid,  and  it  is  possibly  the 
hydantoin  of  a  mono-urea  derivative.  Ellinger  (Ber.,  1904,  37, 
335),  as  well  as  Neuberg  and  Silbermann  (Ber.,  1904,  37,  341), 
have  shown  that  the  )8-amino-group  in  diaminopropionic  acid 
hydrochloride  or  hydrobromide  is  very  resistant  to  the  action  of 
nitrous  acid ;  a  similar  observation  was  made  by  Taf el  and 
E.  P.  Frankland  {Ber.,  1909,  42,  3138)  in  the  case  of  the  mono- 
hydrochloride  of  )8-amino-a-methylaminopropionic  acid,  which 
yielded  a  mononitroso-derivative,  the  nitroso-group  being  pre- 
sumably in  the  o-position.  It  is  suggested  that  in  these  cases 
the  )8-amino-group  may  be  shielded  by  internal  salt  formation 
with  the  carboxyl  group.  In  the  present  instance  it  is  possible 
that  the  amino-acid  reacts  less  readily  with  the  second  molecule 
of  cyanic  acid,  and  this  would  account  for  the  smallness  of  the 
yield  of  tetrahydrouric  acid.  This  view  is  strengthened  by  experi- 
ments made  by  the  author  on  o;8-dibenzylaminopropionic  acid, 
in  which  case  the  reaction  leads  to  the  formation  of  a  monourea 
derivative  only.  This  compound  can  be  converted  quantitatively 
into  a  hydantoin,  leaving  a  free  amino-group,  presumably  in  the 
/3-position.  The  results  of  this  work  will  be  published  in  the  near 
future. 

Experimental. 

The  diaminopropionic  acid  used  in  the  following  experiments  was 
prepared  by  the  action  of  concentrated  ammonia  solution  on 
aj8-dibromopropionic  acid  in  sealed  tubes  at  temperatures  ranging 
from  80°  to   155°. 

The  resulting  hydrobromide,  NH2-CH2-CH(NH2)-C02H,HBr,  was 
purified  by  recrystallisation  from  water,  and  melted  and  decomposed 
at  238°  (uncorr.).  Klebs  (Ber.,  1893,  26,  2264;  Zeifsch.  fhysiol. 
Chem.,  1895,  21,  309),  who  was  the  first  to  isolate  this  salt,  gave 
228 — 230°  as  the  decomposition  point.  (Found,  Br  =  43-42. 
Calc,  Br  =  43-24  per  cent.) 

2-4  Grams  of  the  above  hydrobromide  were  dissolved  in  warm 
water  with  the  addition  of  6-15  grams  of  a  48  per  cent,  solution  of 
hydrogen  bromide,  and  treated  with  an  aqueous  solution  of  4  grams 
of  potassium  cyanate.  Considerable  effervescence  followed  the 
mixing  of  the  solutions.  The  mixture  was  kept  for  about  an  hour, 
gjid   was  then    concentrated  slowly   to  a   small  bulk.     When  the 
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volume  of  the  solution  had  been  reduced  to  about  3  c.c,  10  grams 
of  concentrated  hydrochloric  acid  were  a^ded  to  the  semicrystalline 
mass ;  the  mixture  was  warmed  for  a  few  minutes,  then  allowed  to 
cool,  and  the  crystalline  precipitate  of  potassium  bromide  collected 
by  filtration  and  washed  with  concentrated  hydrochloric  a<;id.  The 
filtrate  and  washings  were  concentrated  to  a  syrupy  mass  on  the 
water-bath,  mixed  with  a  little  25  per  cent,  hydrochloric  acid,  and 
evaporated  almost  to  dryness  on  the  wat«r-bath.  After  boiling  the 
residue  with  methyl  alcohol,  a  further  quantity  of  potassium 
bromide  was  filtered  off;  the  total  quantity  obtained  being  4*25 
grams. 

The  methyl-alcoholic  solution  was  evaporated  nearly  to  dryness, 
and  the  residue  dissolved  with  a  small  quantity  of  hot  water.  The 
solution  was  allowed  to  cool,  and  sown  with  crystals  of  tetrahydro- 
uric  acid  obtained  from  a  previous  experiment.  After  a  few 
minutes  a  crystalline  precipitate  separated ;  it  was  collected,  washed 
with  a  small  quantity  of  cold  water,  with  absolute  alcohol,  and 
finally  with  ether.  The  weight  of  tetrahydrouric  acid  thus  obtained 
was  0'58  gram.  Another  experiment,  starting  from  3'75  grams  of 
the  hydrobromide  of  diaminopropionic  acid,  yielded  1"25  grams  of 
tetrahydrouric  acid.  The  substance  melted  at  215°  with  gas 
evolution  to  a  colourless  liquid,  was  readily  soluble  in  hot  water, 
the  solution  having  an  acid  reaction  to  litmus,  only  very  sparingly 
soluble  in  absolute  ethyl  alcohol,  and  crystallised  anhydrous  from 
water  in  acicular  prisms  and  hexagonal,  prismatic  plates. 

For  the  purposes  of  analysis  a  specimen  of  the  substance  obtained 
by  this  method  was  recrystallised  twice  from  water,  and  it  melted 
and  decomposed  at  216°.  Tafel  gives  212 — 213°  as  the  melting 
point  of  tetrahydrouric  acid.  (Found,  C  =  34-57.  34-60;  H  =  4-90, 
4-84  ;  N  =  32-53.     Calc,  C  =  3488 ;  H  =  465 ;  N  =  3256  per  cent.) 

Since  the  combustion  of  this  substance  in  a  vacuum  appears  to 
lead  to  the  formation  of  an  unusually  high  percentage  of  nitric 
oxide,  thus  giving  percentages  of  nitrogen  somewhat  above  what 
could  be  accounted  for  on  the  average  experimental  error  (in  two 
cases  33"  10  and  32-94  per  cent,  respectively),  in  the  above  analysis 
the  volume  of  nitrogen  was  corrected  for  nitric  oxide  in  a  gas 
apparatus. 

Chemical  Department, 
The  University,  Eogbahton, 

BlRMIXQUAH. 
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CXX. — isoQuinoIine  Derivatives.  Part  V.  The  Con- 
stitution  of  the  Reduction  Products  of  Papaverine 
(continued). 

By  Frank  Lee  Pyman  and   William  Colebrook   Reynolds. 

In  Part  II  of  this  series  (Trans.,  1909,  95,  1610)  it  was  shown  by 
one  of  us  that  the  amorphous  base  resulting  from  the  reduction  of 
papaverine  is  in  reality  tetrahydropapaverine,  and  it  was  further 
stated  that  Goldschmiedt's  so-called  "  tetrahydropapaverine "  is 
1 :  2-dihydropapaverine  (I)  : 

CH 

Me0/\/^CH 


MeOi       A       'NH 
CH, 


iOMe 
OMe 

The  reasons  which  led  to  this  conclusion  were  as  follows. 

(1)  Analyses  and  molecular  weight  determinations  of  the  base 
and  its  derivatives  prove  that  it  has  the  formula  CoqHosO^N,  and 
its  preparation  by  the  reduction  of  papaverine,  C20H21O4N,  therefore 
shows  it  to  be  a  dihj^dropapaverine,  unless  it  is  obtained  from  an 
impurity  in  the  papaverine,  a  possibility — at  no  time  likely— which 
is  definitely  disproved  in  the  present  paper. 

(2)  The  reactions  of  the  base,  for  instance,  the  formation  of  a 
nitroso-derivative  and  benzoyl  derivative,  show  that  it  contains  an 
imino-group,  therefore  one  of  the  additional  hydrogen  atoms 
occupies  the  2-position  of  the  ?.soquinoline  ring. 

(3)  The  resolution  of  the  base  by  Pope  and  Peachey  (Trans., 
1898,  73,  893)  proves  it  to  contain  an  asymmetric  carBon  atom, 
and  on  the  assumption  that  this  occupied  the  1-position,  as  in 
alkaloids  of  the  1-benzyltetrahydro/soquinoline  type  (laudanosine,- 
narcotine,  etc.),  the  position  of  the  remaining  hydrogen  atom  was 
fixed,  and  the  base  designated  1 :  2-dihydropapaverine. 

This  base,  however,  was  a  compound  of  considerable  stability, 
its  reduction  could  not  be  effected,  and  its  i\^-benzoyl  derivative  was 
not  readily  attacked  either  by  bromine  or  by  sulphuric  acid  and 
manganese  dioxide;  its  behaviour  therefore  differed  from  that  of 
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l-benzyl-2-methyl-l :  2-dihydrtwsoquinoline  (II)  (Freund  and  Beck, 
Ber.,  1909,  42,  1762),  a  compound  which  may  readily  be  reduced 

CH 

iNMe 


CH 
CHo 


(II.) 
to   the  corresponding  tetrahydro/soquinoline,   and   which    is  easily 
attacked  by  oxidising  agents. 

This  difference  in  behaviour  was  ascribed  to  the  presence  of  a 
free  imino-group  in  the  former,  and  some  corroboration  of  this  view 
was  adduced  from  the  fact  that  Pictet  and  Athanasescu  (Ber.,  1900, 
33,  2346),  in  preparing  laudanosine  by  the  reduction  of  papaverine 
methochloride,  did  not  discover  the  iV-methyl  derivative  of  1 :  2-di- 
hydropapaverine.  The  present  authors,  however,  now  find  that  the 
reduction  of  papaverine  methyl  salts  leads  to  the  production  not 
only  of  laudanosine,  but  also  of  a  new  base,  CoiH.i^O^N,  which  is 
shown  to  be  the  J'-methyl  derivative  of  1 :  2-dihydropapaverine. 
Further,  the  new  base  is  as  stable  as  the  parent  compound;  its 
reduction  cannot  be  effected  either  by  tin  and  hydrochloric  acid 
or  by  sodium  and  amyl  alcohol.  It  is  therefore  clear  that  the 
difference  in  behaviour  between  l-benzyl-2-methyl-l :  2-dihydro/so- 
quinoline  and  1 :  2-dihydropapaverine  is  not  merely  due  to  the 
influence  of  the  imino-group  in  the  latter,  and  the  assumption  that 
this  base  has  the  constitution  represented  by  the  term  1 :  2-dihydro- 
papaverine does  not  appear  to  be  justified  without  further 
experimental  evidence. 

The  further  investigation  of  the  constitution  of  this  compound, 
however,  more  particularly  with  regard  to  the  products  obtained 
by  its  oxidation  and  degradation  by  complete  methylation,  is  now 
in  progress,  and  in  order  to  avoid  the  use  of  a  designation  which 
may  prove  to  be  incorrect,  it  is  proposed  to  adopt  the  name  jMvine 
for  this  base,  CooH-jgO^N,  melting  at  201 — 202°,  which  has  been 
termed  "  tetrahydropapaverine  "  by  Goldschmiedt  {Monatsh.,  1886. 
7,  485;  1898,  19,  324)  and  "1:  2-dihydropapaverine"  by  Pj-man 
{loc.  cit.);  the  new  base,  C21H25O4N,  will  therefore  be  '^-methijl- 
"pavin-e. 

Pavine  is  always  formed  together  with  tetrahydropapaverine  in 
the  reduction  of  papaverine  with  tin  and  hydrochloric  acid,  and 
has  been  so  obtained  by  different  workers  using  papaverine  having 
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the  correct  melting  point  (Goldschmiedt,  Pope  and  Peachey, 
Pyman),  but  the  yield  is  only  small,  and  varies  from  about  8  to 
12  per  cent,  of  the  theoretical;  it  appeared  therefore  to  be  possible, 
although  unlikely,  that  pavine  was  derived  from  some  impurity 
in  the  papaverine.  In  order  to  settle  this  point,  the  commercial 
papaverine  used  in  these  experiments  was  on  one  occasion  very 
carefully  purified;  on  methylation  and  subsequent  reduction,  a 
quantity  of  iV^-methylpavine  was  obtained  together  with  laudanosine, 
and  it  therefore  follows  that  iV-methylpavine  is  actually  derived 
from  iV^-methylpapaverine  salts,  and  consequently  that  pavine  is 
derived   from  papaverine. 

iV-Methylpavine  is  obtained  by  the  reduction  of  papaverine 
methyl  salts  with  tin  and  hydrochloric  acid,  together  with 
laudanosine,  from  which  it  can  be  readily  separated  by  either  of 
two  methods  given  in  the  experimental  part  of  this  paper;  it  is 
also  formed  to  some  extent  in  the  oxidation  of  laudanosine  with 
sulphuric  acid  and  manganese  dioxide.  The  relation  between  these 
alkaloids   is  therefore  as  follows : 

Papaverine  methosulphate         1_^         Laudanosine 

^-Methylpavine. 

'N-Methi/I pavine  hydriodide  and  methiodide  are  also  formed, 
together  with  pavine  hydriodide,  by  the  action  of  methyl  iodide 
on  pavine  according  to  the  equations : 

C2oH230,N  +  CH3I  =  C21H2  AN,HI 
and 

2C2„H230,N  +  2CH3I  =  C2oH230,N,HI  +  C2iH2504N,CH3l. 
As  in  the  case  of  pavine,  so  also  in  that  of  iV^-methylpavine,  base 
and  salts  readily  crystallise  with  a  considerable  amount  of  water  of 
crystallisation. 

Experimental. 
Purification  of  Papaverine. 

After  a  preliminary  experiment,  in  which  besides  laudanosine  a 
quantity  of  iV-methylpavine  was  obtained  by  the  reduction  of 
papaverine  methosulphate,  the  papaverine  required  for  the  next 
experiment  was  very  carefully  examined. 

The  base  melted  at  146 — 147°;  it  was  converted  into  the  hydro- 
chloride, and  this  salt  crystallised  twice  from  water,  being  obtained 
in  monoclinic  plates,  which  decomposed  at  231°  (corr.);  after 
regeneration,  the  base  was  converted  into  the  hydrogen  oxalate 
and  the  salt  crystallised  twice  from  alcohol,  when  it  separated  in 
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fine  rods,  -which  decomposed  at  199°  (corr.);  the  base  was  then 
regenerated,  but  still  melted  at  146 — 147°,  or  147 — 148°  (corr.), 
and  this  melting  point  remained  the  same  after  recrystallisation  of 
a  specimen   of   the   base  from   benzene* 

Reduction  of  Papaverine  Methosulphate. 

One  hundred  and  eight-four  grams  of  papaverine,  which  had 
been  treated  as  above,  were  converted  into  the  methosulphate 
(compare  Decker  and  Pschorr,  Ber.,  1904,  37,  3401),  and  this  was 
reduced  with  tin  and  hydrochloric  acid  in  alcoholic  solution,  the 
conditions  being  similar  to  those  previously  adopted  for  the  reduc- 
tion of  papaverine  (Pyman,  Trans.,  1909,  95,  1614).  After  decom- 
position of  the  tin  salts  with  hydrogen  sulphide,  and  removal  of 
the  tin  sulphide,  the  liquor  was  precipitated  with  sodium  carbonate, 
filtered  from  the  crude  laudanosine,  and  extracted  with  chloroform ; 
the  latter  left  on  distillation  a  brown  gum,  which  was  dissolved 
in  warm  dilute  hydrochloric  acid ;  this  solution,  on  cooling,  deposited 
iV^-methylpavine  hydrochloride  in  beautiful  prisms.  The  crude 
laudanosine  was  purified  by  crystallisation  as  hydrogen  oxalate,  the 
mother  liquors  yielding,  on  regeneration  of  the  base  and  crys- 
tallisation of  this  as  hydrochloride,  a  further  quantity  of  3'-methyl- 
pavine.  Altogether  152  grams  of  laudanosine  and  9  grams  of 
iV-methylpavine  hydrochloride  were  obtained. 

The  laudanosine  obtained  in  this  manner  melts  at  115^ — 116° 
(corr.),  and  the  melting  point  is  unchanged  after  recrystallisation 
of  the  base  from  alcohol.  The  yield  of  pure  laudanosine  is  therefore 
78  per  cent,  of  the  theoretical;  Pictet  and  Athanasescu  (loc.  cit.) 
obtained  50  to  60  per  cent. 

Laudanosine  hydrogen  oxalate  crystallises  from  alcohol  in  micro- 
scopic needles,  which  contain  IIH^O,  and,  after  drying  at  100°, 
melts  and  decomposes  at  163—165°  (corr.),  after  sintering  a  few 
degrees  earlier.  After  crystallisation  from  water,  this  salt  contains 
2iH20,  and  melts  to  a  turbid,  viscous  liquid  at  80 — 82°  (corr.).  It 
is  sparingly  soluble  in  cold  water  or  alcohol : 

01532  t  gave 0-3265  CO,  and  00906  H2O.     C  =  581;  H  =  6-6. 

0-2009  T  lost  001 10  in  a  vacuum  over  HoSO^.     H20  =  5-5. 
C2iH2704N,C2H204,liH20   requires  C  =  58-2rH  =  6-8; 
H20  =  5-7  per  cent. 

0-1855  :  lost  00155  at  100°.     H20  =  8-4. 

C2,H2704N,C2H204,2^H20  requires  H20  =  9-l  per  cent. 

*  In  view  of  a  recent  publication  by  Pictet  and  Kramers  {Ber.,  1910,  4<3,  1329). 
it  may  be  of  interest  to  note  that,  on  treatment  of  the  purified  pajwiverine  with 
concentrated  sulphuric  acid,  the  crystals  wc^re,  at  first,  su]>erficially  coloured  violet, 
and  then  dissolved  in  the  acid,  giving  a  colourless  solution, 
t  Air-dried  salt  (from  alcohol).  X  Air-dried  salt  (from  water). 
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Sejtaration  of  Laudanosine  and  'N-Methi/lpavine. 

That  the  above  method  for  the  separation  of  laudano'sine  and 
iV-methylpavine  is  fairly  complete  is  shown  by  the  following 
experiment. 

A  mixture  of  10  grams  of  laudanosine  and  1  gram  of  iV-methyl- 
pavine,  when  converted  into  acid  oxalate  and  recrystallised  from 
water,  gave  12'2  grams  of  laudanosine  hydrogen  oxalate;  the  base 
regenerated  from  the  mother  liquors  then  crystallised  as  hydro- 
chloride gave  1"2  grams  of  iV^-methylpavine  hydrochloride;  on  again 
regenerating  the  base  from  the  mother  liquors  and  crystallising  as 
acid  oxalate,  another  0'9  gram  of  laudanosine  hydrogen  oxalate 
was  obtained,  and  the  last  mother  liquors  gave  a  base  yielding  a 
small  quantity  of  hydrochloride,  which  was  not  further  worked  up ; 
the  quantities  recovered  were  equivalent  to  9'5  grams  of  laudanosine 
and  0'8  gram  of  i\'-methylpavine. 

Another  method  for  the  separation  of  the  two  bases  depends  on 
the  different  solubilities  of  the  bases  in  alcohol. 

A  mixture  of  10  grams  of  laudanosine  and  1  gram  of  methyl- 
pavine  crystallised  from  a  minimum  of  hot  alcohol  gave  8"9  grams 
of  laudanosine;  the  remainder  converted  into  hydrochloride  and 
crystallised  from  water  gave  1'5  grams  of  iV^-methylpavine  hydro- 
chloride, and  after  regenerating  the  bases  from  the  final  mother 
liqvior  and  crystallising  from  alcohol,  a  further  0'3  gram  of 
laudanosine  was  obtained;  the  quantities  recovered  were  thus 
equivalent  to  9"2  grams  of  laudanosine  and  I'O  gram  of  iV-methyl- 
pavine. 

'N-Methyljjavine,  C21H25O4N. 

This  base  is  liberated  in  an  amorphous  condition  when  alkalis 
are  added  to  aqueous  solutions  of  its  salts,  but  the  precipitate 
becomes  crystalline  on  keeping,  and  then  forms  colourless  prisms, 
which,  after  thorough  drying  in  the  air,  contain  1^  to  2^  HgO. 
The  hydrated  base  has  no  sharp  melting  point,  but  begins  to  soften 
at  about  80°,  gradually  melts,  and  then  effervesces  at  100°;  it  loses 
nearly  all  its  water  of  crystallisation  when  kept  in  a  vacuum  over 
sulphuric  acid,  and  remains  as  a  white,  amorphous  powder,  which 
melts  at  about  90° : 

0-4313  (air  dried)  lost  0-0380  in  a  vacuum  over  H0SO4.  H„0  =  8-8. 
C2iH2504N,2H20  requires  H20  =  9-2   per  cent. 

0-1985  (dried  in  a  vacuum)  gave  0^5099  CO2  and  0-1257  HgO. 
C  =  70-l;  H20  =  7-l. 

After  dehydration  by  boiling  with  benzene  and  anhydrous  sodium 
sulphate,  the  base  crystallises  from  benzene  in  hard  prisms,  which 
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are  anhydrous,  and  melt  at  140 — 141°  (corr.),  after  sintering  a 
degree  earlier;  it  crystallises  from  anhydrous  ether  in  small, 
glistening  prisms  having  the  same  melting  point.  It  is  sparingly 
soluble  in  water,  ether,  or  light  petroleum,  but  readily  so  in  the 
other  usual  organic  solvents.  It  dissolves  in  concentrated  sulphuric 
acid,  giving  a  pale  yellowish-green  solution  : 

0-1555  gave  0-4038  COo  and  0-0995  HoO.     C  =  70-8;  H  =  7-2. 

0-1514     „     0-3922  COg     „     00971  hIo.     C  =  70-6;  H  =  7-2. 

0-1865     „     6-2  CO.  Ns  at  22°  and  758  mm.     N  =  3-8. 

0-2090     „       by  Zeisel's  method,  0-5360  Agl.     OMe  =  33-9. 

01529     „        „  „  „         0-3915  Agl.     OMe  =  33-8. 

C21H05O4N   requires  0  =  709;  H  =  7-l;   40Me  =  34-9; 
N  =  3'9  per  cent. 

The  hydrochloride  crystallises  from  wat^r  in  large,  colourless, 
well-formed  prisms,  which  melt  at  65 — 81°  (corr.),  and  contain 
8  molecules  of  water  of  crystallisation,  of  which  7|^  are  lost  on 
drying  first  in  a  vacuum,  and  then  at  100°.  This  salt  is  soluble 
in  about  50  parts  of  cold  water,  but  easily  soluble  in  hot  water  or 
alcohol : 

0-5121  (air  dried)  lost  01293  at  100°.     HoO  =  25-2. 
02iH2504N,HCl,8HoO,  losing  l\B..p,  requires  H.^O^  25  2  per  cent. 
"0-I6I6*  gave  0-3707  COg  and  0-0972  HoO.     C  =  62-6;  H=:6-7. 

0-1598*     „     0-3664  COo     „     0-0962  HoO.     C  =  62-5 ;  H  =  6-7. 

0-2124*     „     0-0733  AgCl.     Cl  =  8-5. 
C2iHo.AN,HCl,|H20  requires  0  =  629;  H  =  6-8;  01  =  88  per  cent. 

The  hydriodide  crystallises  from  water  in  large,  nearly  colourless 
prisms,  which  melt  at  70 — 87°  (corr.),  and  contain  6H2O.  It  is 
easily  soluble  in  hot  water  or  alcohol.  After  drying,  it  has  no 
sharp  melting  point,  bvit  gradually  softens  from  about  185° 
onwards : 

0-2194  (air  dried)  lost  0-0412  at  100°.     H20  =  18-8. 

C2iH2504N,HI,6HoO  requires  HoO  =  i8-3  per  cent. 
0-1704  *"gave 0-3242  CO2  and  00845  HgO.     0  =  519;  H  =  5-6. 
0-1892*     „     0-0911  Agl.     1  =  26-0. 
02jH2504N,HI  requires  0  =  522;  H  =  5-4;  1  =  263  per  cent. 

The  aurichloride  crystallises  from  a  mixture  of  acetone  and 
absolute  alcohol  in  terra-cotta  coloured  needles,  which  contain  a 
molecule  of  alcohol  of  crystallisation  and  decompose  at  198°  (corr.). 
It  is  almost  insoluble  in  water  or  alcohol,  but  readily  soluble  in 
acetone : 

0-2058  t  gave 0-2824  OOo  and  00764  H„0.     0  =  37-4;  H  =  4-2. 

01522  t     „     0-2086  CO2     „    00605  HgO.     C  =  37-4 ;  H  =  4-5. 
•  Dried  at  100'.  t  Air-dried  salt. 
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0-2287  *  gave  0-0607  Au.     Au  =  26-5. 
0-6416*  lost  0-0365  at  100°.     C2H60  =  5-7. 
C2iH2504N,HAuCl4,C2H6O    requires    0  =  372;    H  =  4-4;  Au  =  26-6; 
C2HgO  =  6-2  per  cent. 

The  picrafe  crystallises  from  water  in  small,  glistening,  yellow 
needles,  which  melt  at  219°  (corr.),  after  sintering  slightly  from 
200°.     It  is  very  sparingly  soluble  in  cold  water  or  alcohol : 

0-1576*  lost  0-0014  at  100°.     H2O=0-9. 

0-1735  t  gave  03532  CO,  and  00754  H2O.     C  =  55-5;  H  =  4-9. 
C2iH2504N,C6H307N3   requires   C  =  55-5;    H  =  4-8   per   cent. 

The  methiodide  separates  in  colourless,  glistening  rods,  which 
contain  2H2O,  and  decompose  at  about  280°  (corr.)  on  warming  a 
methyl-alcoholic  solution  of  the  base  with  methyl  iodide.  It  is 
sparingly  soluble  in  cold  water  or  hot  alcohol : 

0-5200*  lost  0-0353  at  100°.     H20  =  6-8. 

C2iH2504N,CH3l,2IT20  requires  H20  =  6"8  per  cent. 
0-1565  t  gave  0-3036  COg  and  0-0792  H2O.     C  =  52-9;  H  =  5-7. 
0-2318  t     „     0-1097  Agl.     1  =  25-6. 
C2iH2504N,CH3l  requires  0  =  531;  H  =  5-7;  1  =  25-5  per  cent. 

After  crystallisation  from  water,  the  methiodide  forms  beautiful, 
large,  clear  prisms,  which  contain  4H2O,  and,  after  sintering  from 
114°  and  gradually  becoming  viscous,  effervesce  at  118 — 119°  (corr.)  ; 
after  drying  the  fully  hydrated  salt  at  100°,  it  has  no  sharp  melting 
point,  but  begins  to  sinter  at  about  165°  (corr.),  and  gradually 
becomes  viscous  and  effervesces  on  raising  the  temperature : 

0-1529*  gave  0-2607  CO?,  and  0-0884  HgO.     C  =  46-5;  H  =  6-5. 

0-2030*     „     0-0830  Agl.     1  =  22-1. 

0-2716*  lost  0-0326  at  110°.     H2O  =  12-0. 
C2iH2504N,CH3l,4H20   requires  0  =  464;  H  =  6-4;  1  =  223; 
H20  =  12-7   per  cent. 

The  methochloride  was  prepared  from  the  methiodide  by  double 
decomposition  with  silver  chloride.  It  crystallises  from  water  in 
beautiful,  colourless  prisms,  which  are  sparingly  soluble  in  water, 
and  melt  at  75 — 99°  (corr.).  The  air-dried  salt  contains  7H2O,  of 
which  6^  are  lost  at  100°;  the  dried  salt  sinters  at  150 — 170°,  and 
then  effervesces: 

0-5173*  lost  0-1161  at  100°.     H20  =  22-4. 
C2iH2504N,CH3Cl,7H20,  losing  e^HoO,  requires  loss  =  22-0  per  cent. 

0-1528  t  gave  03599  CO2  and  0-0987  HoO.     0  =  64-3;  H  =  7-2. 
02iH2504N,CH3Cl,^H20  requires  0  =  637;  H  =  7-l  per  cent. 

The  methohydroxide  was  prepared  by  digesting  a  hot  aqueous 
*  Air-dried  salt.  t  Dried  at  100°. 
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solution  of  the  methiodide  with  silver  oxide,  filtering  from  silver 
iodide,  and  evaporating  the  liquor  until  crystals  formed  on  the 
surface.  On  cooling,  the  base  separated  in  large,  transparent 
prisms,  which  melted  and  effervesced  at  about  100°.  It  contains  a 
large  and  variable  amount  of  water  of  crystallisation.  It  is  very 
easily  soluble  in  water,  giving  a  strongly  alkaline  solution,  which 
yields  with  aqueous  potassium  iodide  a  precipitate  of  the  methiodide. 

Methylation  of  Pa  vine. 

Ten  grams  of  pavine  were  dissolved  in  about  50  c.c.  of  chloroform, 
and  gently  warmed  with  10  grams  of  methyl  iodide,  until  a  reaction 
set  in.  A  dark  oil  was  deposited,  and  on  keeping  overnight,  this 
became  a  mass  of  crystals,  which  were  collected,  washed  with 
alcohol,  and  fractionally  crystallised,  first  from  absolute  alcohol  and 
then  from  water.     The  following  products  were  obtained. 

(1)  3"5  Grams  of  3'-methylpavine  methiodide.  This  salt  effer- 
vesced at  118 — 119°  (corr.),  and  its  melting  point  suffered  no 
depression  when  the  salt  was  mixed  with  the  pure  substance : 

01636*  gave  02819  CX)2  and  00931  HoO.     C  =  470;  H  =  6-4. 
0-2063*  lost    0-0252  at  100°.     H20  =  r2-2. 

C2iH250^N,CH3L4H20  requires    0  =  464;    H  =  6-4; 
HaO^  12-7  per  cent. 

(2)  7-0  Grams  of  T-methylpavine  hydriodide.  This  salt  melted  at 
70 — 87°  (corr.),  and  its  melting  point  suffered  no  depression  when 
the  salt  was  mixed  with  the  pure  subst^ance : 

0-1535  *  gave  0-2374  CO2  and  00892  HoO.     0  =  422;  H  =  6-5. 
0-2045*  lost  0-0374  at  100°.     H20  =  18-3. 
C2,H2504N,HI,6H20  requires  C  =  42-6;  H  =  6-5;  H20  =  18-3  per  cent. 

(3)  0-8  Gram  of  pavine  hydriodide.  This  salt  softened  about 
75°,  but  did  not  melt  until  about  265°.  Aft^r  drying  at  100°,  it 
softens  together  at  195°  (corr.)  without  really  melting,  and  its 
melting  point  suffered  no  depression  when  the  salt  was  mixed  with 
the  pure  substance  prepared  by  neutralising  pavine  with  hydriodic 
acid.  This  salt  contains  about  4H2O,  and  is  sparingly  soluble  in 
cold  water. 

{a)  Salt  obtained  in  the  methylation : 

01967  *  lost  00276  first  in  a  vacuum,  then  at  100°.     H2O  =  140. 

0-1578  t  gave  02950  COo  and  00740  HjO.     C  =  510;  H  =  5-3. 

(J))  Salt  obtained  by  neutralising  pavine  with  hydriodic  acid: 
0-2013  *  lost  0-0228  first  in  a  vacuum,  then  at  100°.     HjO^  113. 

•  Air-dried  salt  t  Dried  at  100". 
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0-1546  *  gave  02901  COg  and  0-0735  HoO.     C  =  51-2;  H  =  5-3. 
C9oHo304N,HI,3H20  requires  HgO^lO'S  per  cent. 
C2oH2304N,HI,4H20         „         H^O^ISS 
C2oH2304N,HI  requires  C  =  51-2;  H  =  5"2  per  cent. 
A  number  of  small  fractions  consisting  of  mixtures  of  the  above 
were   also  obtained. 

The  Wellcome  Chemical  Works, 
Daetfokd,  Kent. 


CXXI. — The  Specific  Rotatory  Power  of  Hyoscyamine 
and   the   Relation   hetiveen    that  of  Alkaloids   and 
their  Salts. 
By  Francis  Howard  Carr  and  William  Colebrook  Reynolds. 

In  a  recent  communication  Barrowcliff  and  Tutin  (Trans.,  1909, 
95,  1966)  have  given  [ajp  +32-1°  for  the  specific  rotatory  power 
of  optically  pure  d-  and  Z-hyoscyamine,  deriving  this  figure  by 
calculation  from  the  values  they  obtained  for  the  pure  d-  and 
Z-hyoscyamine  (Z-camphorsulphonates  in  aqueous  solution.  This, 
being  considerably  higher  than  the  figure  generally  accepted  for 
Z-hyoscyamine,  namely,  [ajj,  —21°,  led  them  to  conclude  that  no 
optically  pure  hyoscyamine  had  hitherto  been  obtained,  and  they 
attributed  the  discrepancy  to  unavoidable  racemisation  occurring 
in  the  process  of  the  regeneration  of  the  base. 

By  fractional  crystallisation  of  a  quantity  of  base  having  [a]p 
about  —20°,  however,  they  obtained  a  fraction  having  [aj^  —25-8°, 
and  this  was  the  highest  rotatory  power  observed. 

It  has  been  shown  by  Cushny  and  confirmed  by  Laidlaw  that 
d-  and  Z-hyoscyamine  differ  very  considerably  in  their  physiological 
properties,  the  laevo-isomeride  being  the  more  active.  The  question 
therefore  of  the  specific  rotatory  power  of  pure  Z-hyoscyamine 
assumes  considerable  practical  importance,  for,  according  to  the 
position  defined  by  Barrowcliff  and  Tutin,  the  commercial  product 
in  general  use  is  not  the  pure  Z-base  possessing  the  highest  possible 
physiological  activity,  but  a  mixture  containing  a  considerable 
amount  of  the  racemic  base — atropine.  Since  the  rotatory  power 
of  hyoscyamine  affords  the  best  means  of  determining  its  purity, 
no  uncertainty  must  exist  about  the  correctness  of  this  constant. 

In    the    course    of  extended    experience   in   the  preparation  of 

♦  Dried  at  100°, 
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Z-hyoscyamine,  we  have  uniformly  observed  the  specific  rotatory 
power,  of  what  we  considered  the  pure  base,  to  be  about  [a]jy  —21° 
(in  dilute  alcohol).  By  prolonged  fractional  crystallisation  of  both 
the  camphorsulphonate  and  the  alkaloid,  we  have  not  been  able 
to  obtain  a  base  having  a  higher  directly  determined  specific 
rotatory  power  than  [aj^  —  22'0°  (in  dilute  alcohol).  That  the 
latter  was  pure  /-hyoscyamine  was  proved  beyond  all  question  by 
the  following  facts  : 

(1)  When  the  base  of  directly  determined  specific  rotatory  power 
[a]p  —  22'0°  (in  dilute  alcohol)  was  neutralised,  the  value  calculated 
as  basic  ion  rose  to  [a]p  —  32'5°  (in  aqueous  solution),  a  figure 
almost  identical  with  that  deduced  by  Barrowcliff  and  Tutin. 

(2)  It  gave  a  tf-camphorsulphonate,  which,  without  purification, 
had  [a]jj  —  7'7°,  again  a  value  almost  identical  with  that  observed 
by  Barrowcliff  and  Tutin  for  the  salt  on  the  specific  rotatory  power 
of   which  they  founded  their  conclusions. 

There  remains  to  be  explained  the  observation  by  Barrowcliff 
and  Tutin  of  [aj^  —25*8°  (in  dilute  alcohol)  for  the  specimen  of 
/-hyoscyamine  obtained  by  fractional  crystallisation.  In  regard  to 
this,  these  authors  have  very  kindly  furnished  us  with  particulars 
of  their  procedure,  which  now  admits,  in  view  of  our  own 
observations  as  to  the  behaviour  of  Z-hyoscyamine,  of  a  perfectly 
simple  explanation  of  their  result.  It  appears  that  in  determining 
the  specific  rotatory  power  of  the  specimen  of  base  in  question 
there  was  introduced  into  the  alcohol  (previously  distilled  over 
potassium  hydroxide)  with  which  the  solution  was  prepared,  a  small 
amount  of  acetic  acid,  with  the  object  of  counteracting  any  slight 
alkalinity,  which  might  be  expected  to  increase  the  rate  of 
racemisation.  The  resulting  solution  therefore  probably  contained 
a  partly  neutralised  base,  and  in  consequence  gave  a  higher  rotation 
than  would  have  been  the  case  if  only  free  base  had  been  present. 

It  also  follows  from  the  above-mentioned  facts  that  hyoscyamine 
does  not,  after  all,  possess  any  considerable  susceptibility  to 
racemisation,  such  as  Barrowcliff  and  Tutin  attributed  to  it. 

We  consider  that  there  is  no  doubt  whatever  that  the  specific 
rotatory  power  of  optically  pure  /-hyoscyamine  is  —  220°  (in  50  per 
cent,   alcohol). 

It  is  evident  that  Barrowcliff  and  Tutin  arrived  at  an  erroneoua 
conclusion  by  assuming  that  the  specific  rotatory  power  of  the  basic 
ion,  deduced  from  the  molecular  rotation  of  its  salts  in  a  dis- 
sociating solvent,  would  be  identical,  or  nearly  so,  with  that  directly 
determined  for  the  base,  also  in  a  dissociating  solvent.  Although 
this  assumption  may  be  legitimate  in  the  case  of  many  bases,  there 
exists  evidence  to  indicate  that  it  is  not  invariably  so,  particularly 
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for  tertiary  bases,  in  which  class  are  most  of  the  naturally  occurring 
alkaloids.  For  example,  most  of  the  alkaloids  of  the  aconitine 
group  are  dextrorotatory,  but  their  salts  are  laevorotatory,  "whilst 
quinine  and  cocaine  have  each  a  lower  specific  rotatory  power  than 
their  respective  salts.  It  must  not  be  overlooked,  however,  in 
regard  to  most  of  these  cases  that  owing  to  dilferences  of  solubility 
of  base  and  salt  the  published  rotations  of  the  former  were  made 
in  alcohol  of  90 — 100  per  cent.,  whilst  aqueous  solutions  of  the 
salts  were  employed.  From  this  it  might  be  argued  that  the 
differences  observed  were  attributable  to  incomplete  ionisation  in 
the  case  of  the  bases.  Aconine  and  /-hyoscine  afford  instances  not 
open  to  this  objection,  the  former  having  [ajj,  +  23'0°  as  base,  and 
Wd  —  8'8°  as  salt,  and  the  latter  [a]j,  —  28'0°  as  base,  and 
[o]jj  —  32'8°  as  salt,  the  determinations  being  made  in  aqueous 
solution  in  every  case. 

We  believe  that  the  distinction  between  the  specific  rotatory 
power  of  a  base  determined  directly  in  a  dissociating  solvent  and 
that  deduced  for  the  basic  ion  from  a  determination  of  a  salt  has 
not  been  sufficiently  appreciated.  We  have  therefore  considered  it 
desirable  to  extend  the  investigation  to  a  number  of  other  alkaloids 
with  the  object  of  further  supporting  our  contention  as  to  the 
incorrectness  of  the  principle  above-stated. 

The  alkaloids  investigated  were,  besides  hyoscyamine,  the  follow- 
ing :  cocaine,  codeine,  hydrastine,  nicotine,  and  quinine.  The 
specific  rotatory  values  of  these  were  determined  as  base  and  basic 
ion  in  the  same  dissociating  solvent,  which  was  either  water  or 
50  per  cent,  alcohol,  the  former  being  used  wherever  the  base  was 
sufficiently  soluble  in  it.  The  comparisons  showed  that  all  these 
bases  without  exception  behave  similarly  to  hyoscyamine,  the  two 
values  obtained  differing  widely,  as  can  be  seen  from  the  following 
table : 


[o]d  of  base  [ale  of  basic  ion  in 

Alkaloid.  Solvent.         (direct  determination),    solution  of  a  salt. 

Codeine Water  -144-4  -133-8 

Nicotine     ,,  -78-0  +23-1 

Hydrastine    50  %  alcohol  +115-0  +197-4 

Cocaine  „         ,,  -35-4  -777 

Quinine „          ,,  -170-5  -262-1 

We  have  also  observed  that  whilst  the  specific  rotatory  power 
of  the  ^hyoscyamine  basic  ion  in  aqueous  solution  (as  a  salt)  was 
[o]d  —32-5°,  the  value  in  50  per  cent,  alcoholic  solution  was  only 
[o]jj  —27-0°.  Although  the  work  of  many  investigators,  notably 
Pope  and  Peachey  (Trans.,  1899,  75,  1066),  has  shown  that  the 
rotation  of  a  base  is  very  considerably  altered  by  the  nature  of 


THE   SPECIFIC   ROTATORY   POWER   OF   HYOSCYAMINE.      1331 

the  solvent,  it  might  be  supposed  that  water  and  50  per  cent, 
alcohol,  being  dissociating  solvents,  would  act  alike.  Since  the 
values  for  hyoscyamine  salts  in  water  and  in  50  per  cent,  alcohol 
differ  somewhat  widely,  a  similar  comparison  was  made  of  other 
alkaloids  and  their  salts,  and  it  was  shown  that  the  respective 
values  differ  very  considerably  in  almost  every  case.  It  follows 
that  although  50  per  cent,  alcohol  is  a  dissociating  solvent,  it 
must  not  be  regarded  as  having  the  same  influence  upon  the 
rotation  as  water.  An  attempt  to  trace  the  influence  which  the 
solvent  is  thus  shown  to  exert  upon  the  specific  rotatory  power 
of  a  number  of  bases  and  salts  has  led  to  some  interesting  results, 
which  are  recorded  in  the  experimental  part  of  this  paper. 

From  the  results  obtained  as  to  the  influence  of  acids  on  the 
specific  rotatory  power  of  alkaloids  of  known  constitution  in 
dissociating  solvents,  it  would  appear  that  the  differences  cannot 
be  attributed  to  structural  change,  and  we  suggest  that  the  free 
alkaloids  are  either  not  ionised  in  solution  at  all,  or  only  partly  so, 
and  that,  whereas  the  basic  nitrogen  has  a  quinquevalent  function 
in  the  salts,  in  the  base  it  functions  as  tervalent  even  in  aqueous 
solution.  In  other  words,  such  bases  do  not  form  quaternary 
hydroxides  with  water  as  do  ammonia  and  simple  substituted 
ammonium  bases. 

Experimental. 

The  Specific  Rotatory  Power  of  Hyoscyamine. 

/-Hyoscyamine  6?-camphorsulphonate  was  frequently  recrystallised 
from  acetone  until  no  further  change  of  melting  point  or  specific 
rotation  was  effected ;  the  base  was  then  regenerated  with  ammonia 
and  rapidly  extracted  with  chloroform,  the  chloroform  solution 
washed  first  with  dilute  ammonia  and  then  with  water,  and 
evaporated  in  a  vacuum  at  a  low  temperature.  The  base  thus 
obtained,  which  gave  [ajj,  —  2r7°  in  50  per  cent,  alcohol,  was 
recrystallised  twelve  times  from  light  petroleum  (b.  p.  80 — 120°). 
It  melted  at  107—108°. 

One  gram,  made  up  to  25  c.c.  with  50  per  cent,  alcohol,  gave,  in 
a  2-dcm.  tube,  o^  -1-765°,  whence  [0],,  -22-06°. 

Since,  during  the  last  six  crystallisations,  the  specific  rotatory 
power  was  only  increased  by  0-1°,  this  substance  must  be  regarded 
as  pure.  During  the  recrystallisation  evidence  was  obtained  of 
dimorphism,  there  being,  in  addition  to  the  ordinary  form,  denser 
and  larger  crystals  melting  at  102°,  which  spontaneously  change 
on  heating  to  those  having  the  higher  melting  point. 

The  rotation  of  hyoscyamine  is  not  affected  by  the  degree  of 
concentration. 


-2-62 

-32-6 

-2-60 

-32-4 

-2-59 

-32-4 

-2-6 

-32-5 
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Four  grams,  made  up  to  20  c.c.  with  50  per  cent,  alcohol,  gave, 
in  a  1-dcm.  tube,  Oj,  -4-41°,  whence  [a]j,  —  22'0°. 


The  Specific  Rotatory  Power  of  \-Hyoscyamine  Basic  Ion. 

The  specific  rotatory  power  of  Z-hyoscyamine  basic  ion  was  deter- 
mined by  observing  the  rotation  of  the  base  dissolved  in  several 
dilute  acids  to  neutrality.  The  results  given  in  the  following  table 
show,  as  was  of  course  expected,  that  the  value  for  the  basic  ion 
is  independent  of  the  acid  used: 


Z-Hyoscyamine  of  [a]D-22°     Grams  Length  [oJd 

neutralised  with        per  100  c.c.  of  tube.  [a\o.  of  basic  ion. 

Sulphuric  acid    4015  2-dcm. 

Sulphurous  acid 4"009  ,, 

Hydrochloric  acid 4"0  „ 

Acetic  acid _         4*0  „ 


The  Specific  Rotatory  Power  of  A-Hyoscyamine. 

Some  (i-hyoscyamine  was  prepared  from  atropine  by  fractionally 
crystallising  the  (i-camphorsulphonate  in  the  manner  described  by 
Barrowcliff  and  Tutin  (loc.  cit.),  and  it  was  found  that  the  rotations 
of  the  base  and  its  neutral  solutions  agree  with  those  recorded  for 
the  Z-base,  excepting  that  being  more  difficult  to  obtain  quite  free 
from  the  racemic  form,  the  figures  are  somewhat  lower  than  those 
observed  for  the  latter. 

One  gram,  made  up  to  25  c.c.  with  50  per  cent,  alcohol,  gave,  in 
a  2-dcm.  tube,  a^  +1"68°,  whence  [ajj,  +21°;  1  gram,  neutralised 
with  sulphuric  acid  and  made  up  to  25  c.c,  gave,  in  a  2-dcm.  tube, 
Oi>  -h2-50°,  whence  [a\^  -h  31-25°. 

The  Effect  of  Concentration  on  the  Specific  Rotatory  Power  of 
\-Hyoscy amine  d-Camphorsulphonate. 

It  has  been  found  that  the  rotation  of  pure  Z-hyoscyamine 
cZ-camphorsulphonate  decreases  as  the  concentration  increases,  as 
shown  by  the  following  results : 
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\-Hyoscyamine  d-CamphorsulpJi onat e* 


Grams 

Length 

per  100  c.c. 

of  tube. 

Oo. 

Mo. 

[M]„. 

20 

2-dcm. 

-2-10 

-5-25 

-27-35 

16 

>> 

1-97 

616 

32  1 

12 

IS 

1-62 

6-75 

35-16 

8 

)  9 

1-20 

7-50 

89-07 

4 

J> 

0-67 

8-33 

43-65 

These  results,  when  plotted,  form  a  straight  line,  from  which  the 
specific  rotatory  power  at  the  point  of  greatest  dilution  is  found 
to  be  [ajo  -9-1°,  whence  [Mji,  -47-4°. 

As  shown  in  the  concluding  part  of  this  paper,  this  salt  has  a 
dextrorotation  in  chloroform  solution,  giving  [M]u  +  9"9°. 

N on^racemisation  of  the  Base  during  Eegeneration. 

The  following  experiment  was  carried  out  in  order  to  see  to  what 
extent  racemisation  occurs  during  the  process  of  regenerating 
hyoscyamine.  Some  hyoscyamine  camphorsulphonate,  which  gave 
[a]jj  —  7-2°  in  7-5  per  cent,  aqueous  solution,  was  converted  into  the 
base  by  the  method  previously  described.  The  base  gave 
[a]jj  —22-3°  in  50  per  cent,  alcohol.  One  gram  of  this  base  was 
combined  with  the  quantity  of  </-camphorsulphonic  acid  which  by 
previous  titration  was  found  to  be  required  (owing  to  the  fact  that 
rZ-camphorsulphonic  acid  retains  water  of  crystallisation,  this  pro- 
cedure was  necessary),  namely,  0-8408  gram,  and  made  up  to 
25  c.c,  making  a  solution  equivalent  to  1-803  grams  of  ^hyoscyamine 
r/camphorsulphonate  in  25  c.c.  This  solution  gave,  in  a  2-dcm. 
tube,  Op  —  ril°,  whence  [o]jj  —7-7°.  It  is  thus  proved  that  the 
alkaloid  suffered  no  loss  of  rotatory  power  during  the  process. 

The  Influence  of  Neutralisation  on  the  Specific  Rotatory  Power  of 

A  Ikaloids. 

The  change  of  specific  rotatory  power,  which  is  brought  about 
when  an  alkaloid  is  neutralised,  was  determined  in  several  instances, 
employing  the  same  solvent  for  both  base   and  salt.     The  results, 

*  Barrowcliff  and  Tutin  (loc.  cit.),  in  calculating  the  specific  rotatory  power  of 
ti- and  Z-hyoscyaniine  from  the  above  salt,  employed  the  figure  [M]d  +51''fortho 
molecular  rotatory  power  of  the  d-camphorsulphonic  ion.  Pope  and  Peachcy  (Trans., 
1899,  75,  1066)  gave  [M]d  +51-7°;  but  in  a  private  communication,  Prof.  Pope 
informs  us  that  more  recent  determinations  have  afforded  a  somewliat  lower  result. 
From  a  large  number  of  determinations  of  the  specific  rotatory  jicwer  of  pure 
ammonium  camphorsulphonate,  we  have  obtained  as  a  mean  result  [a]o  +20-1°, 
whence  [M]o  +50-05°,  but  this  figure  is  subject  to  considerable  variation  according 
to  the  U'mpeniture. 

VOL.    XCVII.  4  T 
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which  are  recorded  in  the  table  on  p.  1335,  show  that  the  rotation 
is  sometimes  increased  and  sometimes  diminished,  there  being  a 
change  in  every  case  which  we  have  investigated. 

The  Influence  of  the  Solvent   on   the  S-pecific  Rotatory   Power  of 

A  Ikaloids. 

Owing  to  the  insolubility  of  many  alkaloids  in  water,  50  per  cent, 
alcohol  has  been  employed  in  determining  the  rotations  of  the 
insoluble  ones.  In  order  to  determine  whether  this  solvent  may  be 
regarded  as  having  the  same  effect  as  water,  comparisons  have  been 
made  employing  water  and  50  per  cent,  alcohol  for  dissolving  the 
alkaloids  or  salts.  The  differences,  which  in  some  cases  are  con- 
siderable, are  given  in  tabular  form: 

Solvent :  Water.  |  Solvent :  50  per  cent,  alcohol.  I 


Length  Grams 

of         per 

tube.  100  c.c. 


Od. 


t«L 


Cocaine  neutral- 
ised with  H2SO4  2-dcm.  1-088    -1-78     -81-8 
Hydrastino  neu- 
tralised with  HCl      ,,        2-0       -f 6-32   -fl 58-0 
/-Hyoscyamine 
neutralised  with 

H2SO4 

Nicotine   

Quinine  neutral- 
ised with  H2SO4 


4  015    -2-62     -32-6 
4-795   -7-47     -77-9 

4-0     -22-11    -276-4 


Length  Grams 

of        per 
tube.  100  c.c. 

Ob. 

Wo. 

Diff. 
of 

2-dcm.  1-088 

-1-69 

-f7-7 

4-1 

„       1-643 

-I-6-47 

-1-197 

39  0 

„       4-0 
„       4-368 

-2-16 
-9-10 

-27-0 
-104-2 

5-6 
26  3 

„       4-0      - 

-20  97 

-262-1 

14-31 

Since  the  addition  of  an  equal  weight  of  alcohol  to  the  water 
modifies  the  specific  rotatory  power,  the  addition  of  larger  pro- 
portions might  be  expected  to  produce  further  change. 

Hydrastine,  which  has  a  strong  dextrorotation  in  50  per  cent, 
alcohol,  is  optically  inactive  in  95  per  cent,  alcohol,  and  laevorotatory 
in  100  per  cent,  alcohol;  a  similar  change  occurs  when  acetone  is 
employed  as  the  solvent. 

A  striking  experiment  bearing  on  this  point  is  recorded  in  the 
following  table: 

Hydrastine. 


Length 

Solvent. 

of  tube. 

Concentration. 

Bd. 

[all.. 

50  per  cent,  alcohol 

2-dcn^ 

0-204 

-fO-47 

-f  115-0 

85         ,,             , 

0-2 

-fO-15 

-t-37-5 

93 

0-2 

-1-0-12 

-t-30-0 

95        ,,             

0-4 

0  0 

0-0 

97        „             

0-4 

-0-10 

-12-5 

100 

0-291 

-0-29 

-49-8 

(Coml.  abs.) 

50  per  cent,  acetone     ... 

0-2 

-i-0-40 

-HOO-0 

Acetone  (coml.  pure)   ... 

II 

4  0 

-6-80 

-85  0 
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Modifying  Influence  of  Different  Acidic  and  Basic  Groups  on  the 
Specific  Hotatory  Power  of  Bases  and  Acids  in  Dry  Chloroform. 

The  molecular  rotatory  power  of  an  alkaloid  and  its  different  salts 
in  anhydrous  chloroform,  -where  dissociation  cannot  occur,  might 
be  expected  to  vary,  since  the  salt  remains  in  the  molecular  con- 
dition. Such  is  shown  to  be  the  case.  Where  different  acids  are 
employed  to  neutralise  the  base,  the  rotation  value  differs.  The 
results  recorded  in  the  following  table  bear  upon  this  point: 


Comparison  of  the  Specific  Rotation  of  Alkaloids  and  their  Salts 
in  Dry  Chloroform,  1  =  2-dcm. 


Froe  base. 


Grams  per 
Alkaloid.    100  c.c. 


Wn.        [M]„. 


Anhydrous  salt. 


Grams  per 
Weiglied  as  100  c.c. 


[M]o. 


Cocaine 


1-26 


15-75 


47-7 


Hyoscyamine      4       -1-90     -2.3-75     -68  7 


Hydrochloiiile 
C  Biise  neutral-  \ 


Hydrastine , 


2-55 


63- 


isedbyHCl    !►  4 

and  dried     J 

lydrochloride  2 

244-31-' Sulphate    ....  2 

I  [Acid oxalate...  2 


-2-30  -193-8 

-2-78  -100-2 

+  8-52  +893 

+  7-44  +803 

+  8-22  +972 


The  above  results  point  to  the  modifying  influence  which  the 
presence  of  different  acid  groups  has  on  the  rotation  value  of  the 
asymmetric  carbon  atom  of  the  base.  A  similar  influence  is  pro- 
duced on  the  asymmetric  carbon  atom  of  the  acid  by  combination 
with  different  bases.  This  has  been  proved  by  determining  the 
rotatory  power  in  dry  chloroform  of  the  active  and  inactive 
camphorsulphonates  of  various  alkaloids  and  taking  the  difference. 
This  method  affords  a  means  of  determining  what  proportion  of 
the  optical  activity  of  the  active  salt  of  an  active  base  is  due  to 
the  respective  basic  and  acidic  parts  of  the  molecule.  The 
observations  referred  to  are  recorded  in  the  following  table : 


[ML 

in  chloroform. 

Difference 
due  to  rf-camphor- 
suljihonic  complex.  Ji 

Camplior- 
sulphonates  of 

Salt  of 
d-a,cid. 

Salt  of 
dl-acid. 

Codeine   

-50-5 

-99-1 

+  9-9 

+  114-2 

+  962-0 

+  150-0 

-202-7 
-228-0 
-107  0 

0-0 
+  791-0 

00 

152  2              ^ 

Cocaine    

128  9 

J  ^-Hyoscyamine   ... 

(Atropine 

Hydrastine 

116-9\ 
114-2/ 
171-0 

Papaverine  

150-0 

The  Wellcome  Chemical  Works, 
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CXXII. — ^-Hydroxyazo-derivatives  of  Quinoliiie. 
Part  I. 

By  John  Jacob  Fox. 

The  hydroxyazo-derivatives  of  8-hydroxyquinoline  are  of  especial 
ihterest,  as  they  contain  a  fairly  basic  group  in  the  ortho-position 
with  respect  to  the  hydroxy  1  group.  It  was  expected  that  this 
would  have  a  profound  effect  on  the  acidic  properties  of  the 
hydroxy azo-compounds  obtained.  As  a  matter  of  fact,  none  of  the 
compounds  containing  the  hydroxyl  group  in  the  quinoline  nucleus 
could  be  acetylated  even  after  prolonged  boiling  with  acetic 
anhydride  and  anhydrous  sodium  acetate,  and  it  was  not  found 
possible  to  prepare  the  methoxy-derivatives  by  boiling  with  methyl 
iodide  and  sodium  methoxide.  Monohydrochlorides  could  be  readily 
prepared,  but  the  dihydrochlorides  to  which  the  oxonium  salt 
structure  is  attributable  (Hewitt  and  Fox,  Trans.,  1908,  93,  333) 
were  very  unstable,  and  could  only  be  preserved  in  an  atmosphere 
of  hydrogen  chloride.  In  all  these  respects  the  compounds  differ 
strikingly  from  the  simple  hydroxyazo-compounds,  such  as  benzene- 
azophenol  or  benzeneazo-a-naphthol.  In  order  to  ascertain  whether 
the  basic  character  of  the  quinoline  nucleus  affected  the  molecule 
diS  a  whole,  or  whether  the  presence  of  the  basic  group  in  the 
ortho-position  with  respect  to  the  hydroxyl  group  was  the  factor 
which  prevented  acetylation  and  alkylation  of  the  hydroxyl  group 
in  the  8-position,  compounds  were  prepared  in  which  the  hydroxyl 
group  was  no  longer  in  the  quinoUne  nucleus.  The  simplest  of  the 
two  kinds  of  compounds  are  indicated  by  the  formulae : 


/    Nn:n. 


OH 


HO/      >n:n 


> 


(II.) 

Whilst  the  compound  represented  by  formula  I  could  not  be 
acetylated  even  when  dissolved  in  pyridine,  compound  II  was  found 
to  undergo  acetylation  and  alkylation  with  ease,  as  is  the  case  with 
benzeneazophenol.  The  only  explanation  of  the  circumstance  which 
appears  to  meet  all  the  facts  is  that  the  hydroxyl  group  in  I  is 


1338      FOX  :  P-HYDROXYAZO-DERIVATIVES  OF  QUINOLINE.      PART  I. 

prevented  from  exerting  its  normal  activity  by  the  presence  of  the 
strongly  basic  group  in  its  neighbourhood. 

The  possibility  of  the  compounds  being  quinonehydrazones  would 
not  agree  with  the  observed  behaviour,  since  then  acetylation  and 
alkylation  should  take  place  readily.  The  instability  of  the  di- 
hydrochloride  of  the  type  I,  as  compared  with  that  of  type  II,  is 
better  explained  as  due  to  the  formation  of  oxonium  salts  rather 
than  carbonium  salts,  for  if  stable  carbonium  salts  can  be  formed 
in  II  by  the  carbon  atom,  in  the  benzene  nucleus  para-  with  respect 
to  the  azo-grouping,  there  appears  to  be  no  reason  why  even  more 
stable  salts  should  not  also  be  formed  by  I. 

Both  types  of  substance  are  true  hydroxyazo-compounds,  judging 
from  the  absorption  spectra  of  the  solutions  in  alcohol ;  for  although 
some  variation  in  the  persistency  of  the  main  band  occurs  (curve, 
p.  1348),  the  head  of  this  band,  both  with  5-benzeneazo-8-hydroxy- 
quinoline  and  quinolineazophenol,  occurs  at  about  l//\2600,  just 
as  in  the  case  of  aminobenzeneazophenol  (Hewitt  and  Thomas, 
Trans.,  1909,  95,  1295),  which  also  contains  a  basic  group  in  the 
molecule.  In  the  extreme  case  of  a  basic  hydroxyazo-compound, 
such  as  quinolineazohydroxyquinoline,  the  absorption  spectrum  still 
gives  the  head  of  the  band  at  l/\2500  about,  although  the  per- 
sistency is  much  diminished  (curve,  p.  1348).  A  consideration  of 
the  properties  of  the  series  of  compounds  described  (for  example, 
the  formation  of  dihydrochlorides  and  hydrates,  the  colours  obtained 
by  dissolving  in  strong  mineral  acids  and  the  position  of  the  heads 
of  the  main  bands  in  the  absorption  spectra)  shows  that  even  in 
these  compounds,  in  which  from  the  presence  of  the  basic  quinoline 
nucleus  the  possibility  of  quinone-hydrazone  formation  was 
increased,  no  such  change  from  the  true  hydroxyazo-structure  had 
taken  place. 

Experimental. 

The  2?-hydroxyazo-derivatives  of  quinoline  described  here  were 
prepared  in  the  usual  way  from  the  diazonium  chlorides  and  solu- 
tions of  8-hydroxyquinoline  in  aqueous  sodium  hydroxide,  Matheus 
stated  that  he  had  prepared  benzeneazohydroxyquinoline,  p-toluene- 
azohydroxyquinoline,  and  jj-bromobenzeneazohydroxyquinoline  (Ber., 
1888,  21,  1642),  but  it  was  impossible  to  repeat  the  work  from 
his  description,  as  no  melting  points  are  given,  and  the  properties 
of  the  substances  are  inadequately  described.  I  therefore  prepared 
these  three  derivatives  amongst  the  others,  and  descriptions  will 
be  found  below.  All  the  azo-derivatives  of  8-hydroxyquinoline  gave 
sparingly  soluble  sodium  salts,  which  separated  from  the  alkaline 
solutions  after  some  hours.  It  was  necessary  to  allow  the  combination 
to  proceed  for  twelve  hours  or  longer,  as  otherwise  some  unchanged 
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hydroxyquinoline  was  obtained.  The  fact  that  the  sodium  salt 
of  8-hydroxyquinoline  is  hydrolysed  to  a  greater  extent  than  *bat 
of  phenol  (this  vol.,  p.  1119)  is  doubtless  the  cause  of  the  slow 
combination.  The  insolubility  of  the  sodium  salts  furnished  a  ready 
method  of  purifying  the  hydroxyazo-compounds,  as  any  unchanged 
substance  would  remain  in  solution  in  the  alkaline  liquid. 

b-Benzeneazo-9>-hydroxyquinoline. 

The  benzenediazonium  chloride  solution,  prepared  from  14"7 
grams  of  aniline,  was  poured  into  an  aqueous  sodium  hydroxide 
solution  containing  22  grams  of  8-hydroxyquinoline.  After  eighteen 
hours  the  insoluble  red  sodium  salt  was  collected,  washed  with  water, 
decomposed  with  dilute  acetic  acid,  washed  with  water,  dried,  and 
powdered.  The  powdered  material  crystallised  best  from  alcohol 
in  clusters  of  needles  of  chocolate-brown  colour  (m.  p.  171°).  The 
compound  dissolved  in  chloroform,  pyridine,  benzene,  and  the  usual 
organic  solvents : 

0-2144  gave  0-5668  COo  and  00898  K.O.     C  =  72-l;  H  =  4-65. 
0-1760     „  260  c.c.  Ngat  20°  and  764  mm.     N  =  17-2. 
C15H11ON3  requires  C  =  72-3;  H  =  4-4;  N=^16-9  per  cent. 

Some  of  the  powdered  material  was  mixed  with  anhydrous  sodium 
acetate  and  boiled  for  several  hours  with  acetic  anhydride;  the 
product  was  poured  into  alcohol,  diluted  with  water  after  some 
time,  and  the  precipitate  collected  and  washed.  The  crude  product 
did  not  melt  sharply,  but  on  recrystallising  twice  from  alcohol  it 
melted  at  170°,  and  when  mixed  with  the  original  substance  showed 
no  depression  of  melting  point.  Similar  results  were  obtained 
when  a  pyridine  solution  of  the  substance  was  boiled  with  acetic 
anhydride.  It  is  clear  that  if  any  acetylation  occurs,  the  acetyl 
derivative  formed  is  very  small  in  amount,  for  the  main  quantity  of 
material  is  recovered  unchanged. 

An  attempt  was  made  to  methylate  the  compound  by  heating  a 
solution  in  methyl  alcohol,  containing  sodium  methoxide,  with 
methyl  iodide.  The  product  obtained  crystallised  from  alcohol,  and 
melted  at  170°;  when  mixed  with  the  original  substance,  no  change 
in  melting  point  was  observed.  The  experiment  was  repeated  with 
the  silver  salt ;  but  although  in  this  case  the  crude  product  softened 
at  a  lower  temperature  than  the  melting  point,  recrystallisation 
from  alcohol  again  yielded  the  original  material.  As  this  suggested 
considerable  hydrolysis  of  the  salts,  the  sodium  salt  was  prepared. 
It  was  not  possible  to  obtain  this  salt  pure,  since  the  neutral  salt 
was  hydrolysed  by  water,  and  a  determination  of  sodium  gave  only 
abput  90  per  cent,  of  the  required  amount.      The  silver  salt  was 
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prepared  by  dissolving  the  compound  in  the  calculated  amount  of 
alcoholic  sodium  hydroxide,  and  adding  an  alcoholic  solution  of 
silver  nitrate.  A  purple  salt  was  precipitated,  which  was  collected, 
washed  with  water,  and  then  with  hot  alcohol.  It  became  much 
darker  on  washing  with  alcohol,  and  yielded  an  amount  of  silver 
considerably  in  excess  of  that  required  for  the  neutral  salt, 
indicating  that  the  salt  had  been  decomposed  by  the  alcohol  and  the 
acid  removed,  leaving  excess  of  silver. 

It  was  important  to  examine  the  salts  of  benzeneazohydroxy- 
quinoline  acting  as  a  base  in  order  to  ascertain  whether  salts  of 
the  normal  "  ammonium  "  type  were  formed,  and  some  of  these 
were  prepared.  The  hydrochloride  was  prepared  by  evaporating  a 
solution  of  the  base  in  concentrated  hydrochloric  acid  until  crystals 
formed.  After  setting  aside  for  some  time,  the  crystals  were 
collected,  and  washed  with  a  little  strong  acid.  The  hydrochloride 
was  obtained  as  a  mass  of  dark  red  needles,  but,  if  concentrated 
too  rapidly,  as  an  almost  black,  crystalline  mass  of  plates,  melting 
at  223°.     The  substance  retains  all  its  hydrogen  chloride  at  100° : 

0-2482  gave  0-125"8  AgCh     CI  =  12-5. 

Ci5HiiON3,HCl  requires  CI  =  12-4  per  cent. 

The  zinc  salt  was  obtained  by  evaporating  a  solution  of  the 
hydrochloride  with  excess  of  hydrochloric  acid  and  zinc  chloride 
until  crystals  began  to  form ;  these  consisted  of  dark  red  needles : 

0-2736  gave  0-0302   ZnO.     Zn  =  8-9. 
0-2058     „     0-1588  AgCl.     CI  =  19-1. 
(Ci5HnON3,HCl)2,ZnCl2  requires  Zn  =  9-2;  Cl  =  20-6  percent. 

This  salt  is  probably  hydrated. 

Platinichloride. — An  alcoholic  solution  of  the  hydrochloride  was 
mixed  with  a  solution  of  chloroplatinic  acid.  A  dark,  chocolate- 
coloured,  microcrystalline  precipitate  formed : 

0-3446  gave  0-0752  Pt.     Pt  =  21-8. 

(Ci5HjiON3)2,H2PtCl6  requires  Pt  =  21-5  per  cent. 

The  dihydrochloride  could  not  be  isolated  from  a  solution  in 
chloroform,  for,  although  a  dark  purple  precipitate  resulted  on 
leading  in  hydrogen  chloride,  the  salt  fumed  strongly  in  the  air, 
and  analysis  showed  that  the  final  product  did  not  contain  sufficient 
chlorine  for  the  dihydrochloride.  The  salt  is  therefore  much  more 
unstable  than  the  corresponding  derivatives  of  benzeneazo-o-naph- 
thol,  and  was  finally  prepared  by  passing  hydrogen  chloride  over 
a  weighed  quantity  of  svibstance  in  a  stoppered  tube  and  deter- 
mining the  increase  of  weight,  the  apparatus  being  weighed  full  of 
hydrogen  chloride  before  and  after  passing  in  the  gas.  The 
resulting  salt  was  dark  violet,  almost  black: 
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01606   benzeneazohydroxyquinoline  absorbed  00488   HCl. 
Increase  =  30"4. 

CijHjjONg  requires  increase  =  28'3  per  cent. 

As  stated  above,  this  salt  fumes  in  the  air,  and  the  loss  of  weight 
was  only  about  three-quarters  of  that  required  for  a  loss  of  one 
molecule  of  hydrogen  chloride;  it  was  found  that  this  was  due  to 
the  formation  of  a  hydrate  in  moist  air,  and  in  this  respect  the 
substance  behaves  like  other  hydroxyazo-compounds  (Hewitt,  Ber., 
1895,  28,  799) : 

0*1606  gave  0'1900  substance  after  being  subjected  to  action  of 
hydrogen   chloride,   and    keeping    all    night   in    moist    air; 
AgCl  obtained  from  this  =  0-0932.     CI  =  12-1. 
Ci5HiiON3,HCl,^H20  requires  CI  =  120  per  cent. 

An  attempt  was  made  to  combine  benzeneazohydroxyquinoline 
with  ethyl  iodide.  Under  the  ordinary  pressure  no  combination 
occurred,  whilst  heating  in  a  sealed  tube  with  ethyl  alcohol  and 
ethyl  iodide  at  100°  or  120°  yielded  a  brownish-black,  crystalline 
mass  of  needles,  which,  on  recrystallisation  from  alcohol,  did  not 
melt  below  274°.  The  substance  gave  only  a  brown  solution  in 
concentrated  sulphuric  acid  instead  of  the  deep  magenta  of  the 
original : 

01502  gave  0-2182  CO.,  and  00412  HoO.     C  =  39-6;  H  =  3-05. 

0-1674     „  15-5  c.c.  Ngat  22°  and  763'mm.     N  =  10-4. 

01922     „     0-1660  Agl.     1  =  46-7. 

The  total  of  the  four  constituents  is  99-7,  so  that  the  substance 
contains  practically  no  oxygen.  Treatment  with  potassium 
hydroxide  failed  to  remove  the  iodine,  and  boiUng  with  zinc  and 
acetic  acid  effected  practically  no  change  in  colour.  Similar  results 
were  obtained  with  methyl  iodide,  but  in  this  case  a  violent  outrush 
of  gas  resulted  on  opening  the  sealed  tubes.  The  substances 
obtained  were  not  investigated  further,  but  they  are  obviously  not 
derivatives  of  hydroxyazoquinoline.  The  addition  of  alkyl  iodides 
could  not  be  effected  in  any  of  the  azo-derivatives  of  the  hydroxy- 
quinoline. 

h-i^-TolueneazoS-hydroxyquinoline. 

Prepared  from  p-toluenediazonium  chloride  and  an  alkaline  solu- 
tion of  8-hydroxyquinoline.  The  insoluble  sodium  salt  was  removed, 
decomposed  with  acetic  acid,  washed  and  dried.  The  product 
crystallised  from  chloroform  in  chocolate-brown  needles,  melting  at 
174°,  and  was  readily  soluble  in  organic  solvents: 

01702  gave  0-4568  COg  and  00768  HoO.     0  =  732;  H=5-0. 

01440     „  19-7  c.c.  No  at  18°  and  762"mm.     N  =  16-l. 

CigHjaONg  requires  C  =  73  0;  H=4-9;  N  =  16-0  per  cent. 
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Attempts  to  acetylate  or  methylate  failed,  as  in  the  case  of 
benzeneazohydroxyquinoline. 

The  substance  obtained  after  prolonged  heating  with  acetic 
anhydride  melted  at  173°,  and  gave  16"4  per  cent,  of  nitrogen, 
agreeing  with  unchanged  tolueneazohydroxyquinoline. 

The  hydrochloride,  prepared  by  heating  with  concentrated  hydro- 
chloric acid,  consisted  of  scarlet  needle-shaped  crystals;  another 
preparation  consisted  of  almost  black  plates,  but  was  probably 
impure : 

0-1908  gave  0-0906  AgCl.     Cl  =  ll-7. 

Cj6Hi30N3,HCl  requires  CI  =  11-85  per  cent. 

This  and  all  other  hydrochlorides  are  readily  hydrolysed.  It  was 
found  that  a  solution  in  concentrated  hydrochloric  acid,  when 
diluted  with  water  until  a  concentration  of  I'S-^-acid  was  reached, 
gave  a  precipitate  of  the  base  free  from  halogen. 

Dihi/drochloride.—0-2M6  absorbed  00832.     HCl  =  28-2. 
CigHj30N3,2HCl  requires  increase  =  27-8   per   cent. 

The  salt  consists  of  a  violet-black  powder. 

The  sodium  salt  consisted  of  fine  red  needles,  but,  after  washing, 
contained  too  little  sodium,  for  the  neutral  salt.  The  silver  salt 
yielded  too  much  silver — 32-4  per  cent.,  against  29-2  for  the  neutral 
silver  salt. 

The  zinc  salt  gave  Zn  =  8-8  per  cent.,  agreeing  with  the  formula 
(Cj6Hi30N3,HCl)2ZnCl2,  and  consisted  of  red  needle-shaped  crystals. 

The  platinichloride,  (CigHi30N3)o,H2PtCl6,  contained  Pt  =  20-6 
(calc,  Pt  =  20-9  per  cent.),  and  was  prepared  as  directed  for  benzene- 
azohydroxyquinoline. 

d-p-BromobenzeneazoS-ht/droxt/quinoline. 

A  solution  of  p-bromobenzenediazonium  chloride  was  poured  into 
an  alkaline  solution  af  8-hydroxyquinoline,  and  the  sodium  salt 
collected,  decomposed,  and  washed  as  above;  it  crystallised  from 
chloroform  in  very  small,  reddish-brown  needles,  melting  at  215°. 
The  substance  dissolves  sparingly  in  alcohol  or  benzene,  but  readily 
in  pyridine  and  other  solvents: 

0-1508  gave  0-3024  COg  and  00434  HgO.     C  =  54-6;  H  =  3-25. 

0-1614     „  17-7  c.c.  No  at  18°  and  762  mm.     N  =  12-9. 

0-3178     „     0-1814  AgBr.     Br  =  24-6. 

CijHioONgBr  requires  0  =  549;  H  =  3-l;  N  =  12-8; 
Br  =  24-4  per  cent. 

The  compound  cannot  be  acetylated  or  methylated.  An  attempt 
to  combine  it  with  methyl  iodide  yielded  an  unworkable  tar. 

A    monohydrochloride,    consisting    of   small,    bright   red    plates, 
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melting  at  246°,  separated  from  a  solution  in  concentrated  hydro- 
chloric acid. 

The  dihydrochloride. — O'lTOS  absorbed  00414  HCl.  Increase  = 
24-2  (calc,  increase  =  223  per  cent.).  Keeping  in  moist  air  resulted 
in  loss  of  hydrogen  chloride,  and  the  final  increase  in  weight  -was 
132  per  cent. : 

CjjHioONgBrjHCljiHgO  requires  increase  =  13"8  per  cent. 

5-p-Nitroben:enea:o-8-/it/droxi/quiTioUn€. 

Prepared  from  p-nitrobenzenediazonium  chloride  and  an  alkaUne 
solution  of  8-hydroxyquinoline.  The  alkaline  solution  of  the 
substance  was  of  a  deep  blue  colour  (almost  black).  It  resembles 
other  nitrohydroxyazo-compounds  in  being  sparingly  soluble  in  most 
organic  solvents.  It  crystallised  from  pyridine  or  chloroform  in 
chocolate-coloured,  microcrystalline  needles,  melting  at  281°: 

0-1522  gave  0-3428  CX).  and  0-0502  K.O.     C  =  51-4;  H  =  3-7. 

0-1488     „  24-1  c.c.  No  at  19°  and  765""  mm.     N  =  18-9. 
CigHioOalS^  requires  0  =  612;  H  =  3-4;   N  =  19-05   per  cent. 

A  monokydro chloride  was  prepared  as  above,  and  crystallised  in 
deep  red  needles,  which  did  not  melt  below  281° : 

0-2768  gave  01266  AgCl.     CI- 11  3. 

Ci5Hj(,03N4,HCl  requires  01  =  107  per  cent. 

The  sodium  salt  is  sparingly  soluble. 

b-p-Acett/laminobenzeneazo-S-hydroxyqmnoline. 

Prepared  from  p-acetylaminobenzenediazonium  chloride  and  an 
alkaline  solution  of  8-hydroxyquinoline.  The  substance  is  soluble 
in  most  organic  solvents,  but  not  in  benzene  or  ether.  It  crystallised 
from  pyridine  in  deep  yellow  plates,  melting  and  decomposing  at 
266°: 

01512  gave  0-3684  COg  and  00666  H2O.     0  =  665;  H  =  4-9. 

01414     „  22-4  c.c.  No  at  17°  and  758  mm.     N  =  18-5. 
Oi^Hi^C^N^  requires"  0  =  66-7;  H  =  4-6;  N  =  18-3  per  cent. 

The  compound  cannot  be  acetylated.  It  yields  an  orange-yellow 
dodit/m  salt. 

5-p-.4  minobenzenea-o-8-fi  ydroxyq  uinoliti  e. 

Prepared  by  boiling  the  foregoing  acetyl  derivative  for  two  hours 
with  a  large  excess  of  20  per  cent  hydrochloric  acid.  The  com- 
pound was  soluble  in  the  usual  organic  solvents,  and  crystallised 
from  50  per  cent,  aqueous  alcohol  in  dark  brown  needles,  melting 
and  decomposing  at  205°.  Addition  of  dilute  hydrochloric  acid  to 
an  alcoholic  solution  gives  a  yellow  solution  ;  more  arid  renders  the 
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solution    red.      These   changes   are   probably   connected    with    the 
formation  of  mono-  and  di-hydrochlorides : 

0-1622  gave  0-4040  CO2  and  00669  HgO.     C  =  68-0;  H  =  4-6. 
0-1202     „  21-8  c.c.  N,  at  21°  and  761  mm.     N  =  21-5. 

C15H12ON4  requires  0  =  682;  H  =  4-5j  N  =  21-2  per  cent. 
The  dihydrochloride,   prepared  by  evaporation   of  a  solution   in 
concentrated   hydrochloric   acid,   forms   chocolate-coloured  needles, 
which  do  not  melt  below  281° : 

0-2552  gave  0-2188  AgCl.     CI  =  21-2. 

Ci5Hj20N4,2HCl  requires  CI  =  21-0  per  cent. 
A  trihydrochloride  can  be  formed  by  passing  hydrogen  chloride 
over  the  base  in  a  closed  vessel ;  it  consists  of  a  dark  purple  powder : 
0-1584  absorbed  0-0672  HCl.     Increase  =  42-4. 

C15H12ON4  requires  increase  =  415  per  cent. 
The  flatinichloride,  prepared  in  the  usual  way,  consists  of  a  dark 
brown,  microcrystalline  powder : 
0-2488  gave  0-0726  Pt.     Pt  =  29-2. 

Ci5Hi20N4,H2PtClc  requires  Pt  =  28-9  per  cent. 

5-'p-Ethoxybenzeneazo-8-hydroxi/quinoline. 

Prepared  from  diazotised  p-phenetidine  hydrochloride  and  an 
alkaline  solution  of  8-hydroxyquinoline.  The  red  sodium  salt  was 
collected,  and  treated  as  above.  The  azo-compound  dissolves  in  the 
usual  solvents,  and  crystallises  from  chloroform  in  brown  needles, 
having  a  green  reflex,  and  melting  at  176 — 177° : 

0-1502  gave  0-3812  CO.^  and  00694  HgO.     C  =  69-3;  H  =  51. 

0-1290     „  16-0  c.c.  N2  at  22°  and  764  mm.     N  =  14-7. 

C17H15O2N3  requires  C  =  69-6;  H  =  51;  N  =  14-3  per  cent. 

The  hydrochloride,  prepared  by  evaporation  with  concentrated 
hydrochloi'ic  acid,  separates  in  chocolate-brown  needles,  melting  at 
227°: 

0-1888  gave  0-0884  AgCl.     CI  =  11-6. 

Ci73j502N3,HCl  requires  01  =  119  per  cent. 

Hydrogen  chloride  passed  over  the  base  gave  the  following  results : 

0-1562  gained  00548  HCl.     Increase  =  35*1. 

Ci7Hj502N3,2HCl  requires  increase  =  24-9  per  cent. 
CijHiANs.SHCl         „        increase  =  37-4 

The  substance  therefore  tends  to  form  a  trihydrochloride. 

In  order  to  ascertain  whether  the  azo-compounds  of  this  class 
were  para-hydroxy-compounds,  the  dye  was  reduced  by  tin  and 
hydrochloric  acid,  and  the  tin  removed  by  hydrogen  sulphide;  the 
solution   was   evaporated    to    small   bulk    with    hydrochloric   acid, 
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filtered  from  some  tarry  matter,  neutralised  with  sodium  carbonate, 
and  rendered  slightly  acid  with  sulphuric  acid.  After  some  hours 
the  characteristic  tufts  of  colourless,  silky  needles  of  5-amino- 
8-hydroxyquinoline  sulphate  described  by  Fischer  and  Renouf  (Ber., 
1884,  17,  1642)  separated. 

o-a-Naph  thalen  eazo-d)-hydroxyquinolin  e. 

A  solution  of  o-naphthalenediazonium  chloride  was  poured  into 
an  alkaline  solution  of  8-hydroxyquinoline.  The  reddish-brown 
sodium  salt  was  decomposed  with  acetic  acid,  and  the  product 
washed  and  dried.  The  material  was  best  purified  by  repeated 
boiling  with  alcohol,  the  residue  being  found  to  be  pure.  "With 
some  difficulty,  microcrystalline,  chocolate-coloured  needles,  melting 
at  252 — ^253°,  were  obtained  from  benzene.  The  compound  dis- 
solves sparingly  in  organic  solvents.  It  is  noteworthy  that  the 
solution  of  the  substance  in  concentrated  sulphuric  acid  is  deep 
blue : 

0-1042  gave  0-2922  CO,  and  00378  HoO.     C  =  76-5;  H  =  4-0. 

0-1688     „  20-5  c.c.  N2  at  19°  and  762  mm.     N  =  14-15. 
C19H13OX3  requires  C  =  76-25;  H=4'35;  ^  =  140  per  cent. 

This  substance  cannot  be  acetylated. 

The  hydrochloride,  prepared  by  evaporation  with  hydrochloric 
acid,  occurs  in  reddish-brown,   microcrystalline   needles : 

0-1828  gave  00802  AgCl.     CI  =  10-85. 

CigHjgONg.HCl  Tcquircs  CI  =  10-6   per  cent. 

Quinolineazo-8-hydroxyquinoline, 


.       .n:n<      >oh 

10-8  Grams  of  5-aminoquinoline  dihydrochloride  were  diazo- 
tised  and  poured  into  an  alkaline  solution  of  7*2  grams  of  8-hydroxy- 
quinoline. The  red  sodiicm  salt  was  decomposed  with  acetic  acid, 
the  product  washed,  dried,  and  boiled  several  times  with  alcohol. 
The  compound  is 'slightly  soluble  in  benzene  and  insoluble  in  ether, 
but  dissolves  to  a  somewhat  greater  extent  in  other  solvents.  It 
separates  from  a  solution  in  chloroform  as  an  amorphous,  dirty- 
brown  powder,  melting  and  decomposing  at  268°.  The  solution  in 
alcohol  is  reddish-yellow ;  a  drop  of  dilute  hydrochloric  acid  produces 
a  bright  yellow  solution,  and  further  addition  of  acid  changes  the 
colour  to  a  deep  orange  shade.  No  acetyl  compound  could  be 
obtained.     Heating  under  pressure  with   methyl  iodide  yielded  a 
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tarry  mass  and  gaseous  products.  Prolonged  boiling  under  the 
ordinary  pressure  with  methyl  alcohol  and  methyl  iodide  resulted 
in  the  formation  of  a  small  quantity  of  material  containing  halogen, 
but  the  amount  was  too  small  for  further  examination : 

0-1432  gave  0-3802  COg  and  0-0536  H^O.     C  =  72-4;  H  =  4-2. 

0-1328     „  21-8  c.c.  Ng  at  20°  and  760  mm.     N  =  19-0. 

C18H12ON4  requires  C  =  72-0;  H  =  4"0;  N  =  18-7  per  cent. 

The  dihydro chloride,  prepared  by  evaporation  with  concentrated 
hydrochloric  acid,  consists  of  magenta-coloured  needles,  which  do 
not  melt  below  281° : 

0-2386  gave  0-1876  AgCl.     CI  =  19-4. 

Ci8Hi20N4,2HCl  requires  CI  =  19*0  per  cent. 

Trihi/drochloride.— 0-17 A2  absorbed  0-0678  HCl.     Increase  =  39-0. 
CigHjoON^  requires  increase  =  36-5   per  cent. 

This  substance  was  a  purple-black  powder. 

Quinolineazophenol,         J> — <^  ^ — ^ 

Prepared  from  diazo'tised  5-aminoquinoline  and  an  alkaline  solu- 
tion of  phenol.  A  deep  magenta-coloured  solution  resulted,  but  no 
salt  deposited.  The  liquid  was  acidified  with  acetic  acid;  the 
brownish-yellow  precipitate  formed  was  collected,  washed  with 
water  and  a  little  hot  alcohol.  It  crystallised  from  alcohol  in  light 
brown,  microcrystalline  needles,  melting  at  274°.  The  compound 
dissolves  in  ordinary  organic  solvents,  but  is  difficult  to  obtain  in 
crystals  of  fair  size,  resembling  hydroxyazobenzene  in  this  respect: 

0-1366  gave  0-3602  COg  and  0-0600  H^O.     C  =  71-9;  H  =  4-9. 

0-1444     „  21-1  c.c.  N2  at  22°  and  764  mm.     N  =  17-2. 
CisHnONg  requires  C  =  72-3;  H  =  4-4;  N  =  16-9  per  cent. 

The  substance  is  readily  acetylated  by  boiling  for  a  few  hours 
with  an  equal  weight  of  anhydrous  sodium  acetate  and  15  parts 
of  acetic  anhydride.  The  acetate  separates  from  50  per  cent, 
alcohol  in  slender,  light  brown  plates,  melting  at  192 — 193°. 

As  the  crystallised  material  retained  water,  it  was  dried  at  100° 
before  analysis : 

0-1108  gave  0-2832  COg  and  0-0472  H^O.     C  =  69-7;  H  =  4-7. 

0-1236     „  15-6  c.c.  N2  at  19°  and  759  mm.     N  =  14-65. 
C17HJ3O2N3  requires  C  =  70-l;   H=4-5;   N  =  14-4   per   cent. 

Qumolineazo'phenyl  acetate  is  insoluble  in  cold  sodium  hydroxide 
solution,  but  gradually  dissolves  on  warming,  giving  the  magenta- 
coloured  solution  of  quinolineazophenol. 
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Quinolineazophenol  reacts  with  sodium  ethoxide  and  ethyl 
iodide  in  boiling  alcoholic  solution,  and  yields  the  ethyl  ether, 
liut  a  small  proportion  of  the  substance  reacts  with  ethyl  iodida 
directly  to  form  an  ethiodide.  The  alcoholic  solution  of  the  ethyl 
ether  was  diluted  with  much  water,  and  the  brown  precipitate 
collected,  washed  with  water,  and  dried  on  a  porous  tile.  The  dried 
mass  was  extracted  with  hot  alcohol,  leaving  an  almost  black 
ethiodide,  which  was  tarry,  and  was  not  further  examined.  The 
alcoholic  extract  was  diluted  with  an  equal  quantity  of  water, 
boiled,  filtered,  and  allowed  to  crystallise.  Long,  light  brown 
needles,  melting  at  126°,  separated,  the  crystals  giving  a  faint  test 
for  halogens : 

0-1384  gave  189  c.c.  No  at  21°  and  752  mm.     N  =  15-6. 
01711150X3  requires  N  =  15'2  per  cent. 

Quinolineazophenetole  dissolves  in  alcohol  with  a  yellow  colour; 
it  is  insoluble  in  sodium  hydroxide  solution,  but  with  dilute  or 
concentrated  acids  produces  similar  colour  changes  to  the  parent 
substance.  This  compound,  like  the  acetate,  retains  a  little  water, 
which  can  only  be  driven  off  by  prolonged  drying  at  100°. 

Quin-olineasophenol  hydrochloride  was  prepared  by  evaporation 
with  concentrated  hydrochloric  acid;  it  does  not  melt  below  281°: 

0-1882  gave  00932  AgCl.     CI  =  12-2. 

Ci5HiiON3,HCl  requires  CI  =  12-4   per  cent. 

The  dihydrochloride  was  prepared  by  passing  hydrogen  chloride 
over  the  powdered  material  moistened  with  a  little  chloroform ;  it 
consists  of  a  dark  red  powder  : 

01902  gained  00565   HCl.     Increase  =  29-8. 

C15H11ON3  requires  increase  =  29-3  per  cent. 

This  salt  loses  its  hydrogen  chloride  very  slowly  as  compared 
with  the  dihydrochloride  of  benzeneazohydroxyquinoline,  two  or 
three  days'  exposure  to  moist  air  resulting  in  the  same  loss  as  occurs 
with  the  latter  compound  in  half  an  hour,  namely,  one  molecule  of 
hydrogen  chloride. 

Ethooryquinolineazo-phenol. 

For  this  preparation,  8-ethoxy-5-aminoquinoline  was  required,  and 
was  prepared  by  Vis's  method  {J.  pr.  Chem.,  1892,  [ii],  45,  530). 
The  diazotisation  was  troublesome,  as  frothing  occurred  to  a  slight 
extent,  but  by  rapid  diazotisation  and  filtration  into  the  alkaline 
solution  of  phenol  a  deep  magenta  solution  resulted,  which,  on 
acidification  with  acetic  acid,  gave  a  yellowish-brown  precipitate, 
which  was  washed  and  dried.     Repeated  crystallisation  from  alcohol 
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furnished  light  brown,  microcrystalline  prisms,  melting  at  256°,  and 
soluble  in  organic  solvents  other  than  benzene  and  ether : 

0-1306  gave  0-3324  COg  and  0-0612  HgO.     C  =  69-4;  H  =  5-2. 

0-1128     „  14-1  c.c.  N2"at21°  and  760  mm.     N  =  14-4. 

C17H15O2N3  requires  C  =  69-6;  H  =  5-l;  N  =  14-3  per  cent. 

Sufficient  of  the  substance  was  not  available  to  prepare  any 
quantity  of  the  acetate,  but  when  acetylated  in  the  usual  way  a 
sandy  powder  resulted,  which  crystallised  from  alcohol  in  minute 
plates,    melting  at    183°,    and    did    not  dissolve    in    cold    sodium 
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hydroxide,  but  gave  a  deep  magenta  solution  after  heating  for  a 
few  minutes. 

The  changes  in  the  colour  of  the  solutions  of  the  foregoing 
compounds  under  the  action  of  strong  mineral  acids  due  to  the 
formation  of  oxonium  salts  is  strikingly  shown  by  all  these  sub- 
stances. In  alcoholic  solution  all  of  them,  on  the  addition  of  a 
little  dilute  hydrochloric  acid,  produce  a  yellow  or,  at  most,  an 
orange-coloured  solution.  Concentrated  hydrochloric  acid  gives 
colours  varying  from  deep  red  with  j^-nitrobenzeneazohydroxy- 
quinoline  to  deep  violet  in  the  case  of  benzeneazohydroxyquinoline. 
Concentrated  sulphuric  acid  gives  varying  shades  of  magenta  and 
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purple,  but  with  o-naphthaleneazohydroxyquinoline  a  deep  blue 
solution  was  obtained.  Sodium  hydroxide  added  to  the  alcoholic 
solutions  produces  reddish-yellow  or  red  solutions,  except  with 
p-nitrobenzeneazohydroxyquinoline,  which  becomes  violet.  This 
behaviour  towards  concentrated  acids,  with  the  resulting  formation 
of  oxonium  salts  is  entirely  in  accord  with  the  supposition  "  that  a 
decrease  in  the  principal  vibration  frequency  of  an  azo-compound 
accompanies  an  increase  in  the  length  of  chain  of  conjugated  double 
linkings"  (Hewitt  and  Mitchell,  Trans.,  1907,  91,  1251 ;  Hewitt  and 
Thole,  Trans.,  1909,  53,  1395).  The  curves  of  the  absorption 
spectra  (see  figiire)  are  of  particular  interest,  inasmuch  as  they 
show  that  the  heads  of  the  bands  are  in  practically  the  same  position 
as  was  observed  by  Hewitt  and  Thomas  (Trans.,  1909,  95,  1297) 
in  the  case  of  aminobenzeneazophenol  and  dimethylaminobenzene- 
azophenol,  and  are  such  as  are  given  by  hydroxyazo-compounds.  The 
solution  of  the  dihydrochloride  of  benzeneazohydroxyquinoline  in 
concentrated  hydrochloric  acid  could  not  be  examined  in  greater 
thickness  than  those  shown  because  of  the  intense  colour;  hence 
it  was  not  possible  to  furnish  a  complete  curve,  but  the  two 
branches  shown  are  obviously  part  of  one  curve.  Benzeneazo- 
hydroxyquinoline and  quinolineazophenol  give  curves  which  differ 
only  in  the  somewhat  greater  persistency  of  the  band  in  the  latter ; 
whilst  the  band  of  quinolineazohydroxyquinoline  is  least  persistent 
of  all,  but  does  not  differ  from  the  other  curves  to  such  an  extent 
as  to  indicate  an  alteration  in  the  configuration  of  the  molecule. 

It  has  been  found  troublesome  to  diazotise  8-aminoquinoline 
satisfactorily,  so  that  rather  poor  yields  of  the  hydroxyazo- 
derivatives  of  this  substance  have  been  obtained,  but  these  can 
be  acetylated  fairly  readily,  and  the  work  is  still  proceeding.  As 
regards  the  azo-derivatives  of  8-hydroxyquinoline,  no  attempt  to 
acetylate  by  other  than  the  usual  methods  was  made,  it  being 
considered  sufficient  for  comparison  with  the  quinolineazophenols 
to  attempt  the  acetylation  by  the  ordinary  methods. 
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CXXIII. — 77ie  Colour  and  Constitution  of  the  Amino- 

coumarins. 
By  Arthue   Clayton,  B.Sc,  A.R.C.S. 

The  introduction  of  an  amino-group  into  the  molecule  of  a  colour- 
less substance  does  not  generally  cause  the  production  of  colour, 
but  a  peculiar  exception  is  met  with  in  the  case  of  6-amino- 
coumarin,  which  possesses  a  deep  yellow  colour,  although  coumarin 
itself  is  colourless.  The  cause  of  the  yellow  colour  was  investigated 
by  Morgan  and  Micklethwait  (Trans.,  1904,  85,  1230),  who  showed 
that  the  colour  was  not  affected  by  the  substitution  of  methyl  for 
one  or  both  aminic  hydrogen  atoms,  but  was  destroyed  by  acylation 
or  by  the  formation  of  a  quaternary  salt.  These  investigators 
concluded  that  the  cause  of  the  colour  lies  in  some  relation  between 
the  aminic  nitrogen  atom  and  the  unsaturated  'O'CO*  group  present 
in  the  lactonic  ring,  this  conclusion  being  supported  by  the  amino- 
group  occupying  a  para-position  with  respect  to  the  lactonic  oxygen. 
The  author  of  the  present  communication  has  examined  a  number 
of  amino-derivatives  of  coumarin  and  its  homologues  with  the  view 
of  obtaining  further  insight  into  the  cause  of  the  yellow  colour. 

Since  )8-naphthylamine  is  colourless  and  the  only  difference 
between  the  formulae  of  this  substance  and  6-aminocoumarin  is 
the  substitution  of  the  "0*C0'  group  in  the  latter  compound  for 
the  •CHICH'  group  present  in  the  former  (see  formulae),  it 
follows  that  the  group  'O'CO*  is  directly  involved  in  the  production 
of  the  colour.  Similarly,  the  amino-group  is  involved,  because 
CH  0 

CH  CH 

Colourless.  Yellow. 

coumarin  is  colourless.  It  has  been  shown  by  Morgan  and  Mickle- 
thwait Qoc.  cit.)  that  a  mobile  hydrogen  atom  in  the  amino-group 
does  not  give  rise  to  the  colour,  as  6-dimethylaminocoumarin  is 
yellow.     The  remaining  factors  possibly  involved  are : 

1.  The  position   in  the   benzenoid   ring  occupied  by   the  amino- 
group. 

2.  The  presence   of  a   mobile   hydrogen    atom  in   the  benzenoid 
ring. 

3.  The  presence  of  a  mobile  hydrogen  atom  in  the  lactonic  ring, 

4.  A   direct  connection   between  the   'O-CO*   and   amino-groups, 
depending  on  or  independent  of  their  relative  positions. 

(1)    b-Amino-Q:  1-dimethylcoumarin,     6-amino-7-methi/lcou7narin, 
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7-aminO'O  :  6  :  ^trimethylcoumarin,  S-aminocoumarin,  and  5  :  8-di- 
amino-& :  1-dimethylcoumarin  were  prepared  by  reducing  the  corre- 
sponding colourless  nitro-compounds,  and  were  in  each  case  found 
to  be  yellow.  As  the  above  compounds  contain  the  amino-group 
in  each  possible  position  in  the  benzenoid  ring,  the  production  of 
colour  does  not  depend  on  the  position  occupied  by  the  amino- 
group. 

(2)  Since  7-amino-5  :  6 :  8-trimethylcoumarin  is  yellow,  and  in 
this  compound  the  benzenoid  ring  is  completely  substituted,  the 
presence  of  a  mobile  hydrogen  atom  in  the  benzenoid  ring  is  not 
involved  in  the  colour  formation. 

(3)  &- Amino  A:  T-dimethylcoumaHn,  b-amino-A:  6:  1 -trimethyl- 
coiimarin,  5:  l-di-aminoA:  6:  8-trimethylcoumarin,  and  6-amino- 
3:4:  7-trimethyIcoumarin  were  prepared,  and  all  found  to  be 
yellow,  hence  the  presence  of  a  mobile  hydrogen  atom  in  the  lactonic 
ring  is  not  necessary  for  the  production  of  the  colour. 

(4)  The  formation  of  the  yellow  colou.r  appears  from  the  above 
observations  to  be  consequent  on  some  direct  connexion  between 
the  'O'CO'  and  amino-groups,  and  the  results  obtained  in  (1)  show 
this  connexion  to  be  independent  of  the  relative  position  of  these 
groups. 

Coumarin  and  its  derivatives  exhibit  additive  properties  due  to 
the  unsaturation  of  the  •O'CO*  group  (Williamson,  Joum.  Chem. 
Sac,  1875,  28,  850;  Morgan  and  Micklethwait,  Trans.,  1906,  89, 
863;  Clayton,  Trans.,  1908,  93,  524),  which  possesses  an  amphoteric 
nature.  There  is,  however,  a  much  greater  tendency  to  combine 
with  basic  substances  than  with  acids,  so  the  residual  aflfinities  of  the 
•O'CO*  group  may  be  considered  to  be  of  a  weakly  acid  nature. 

In  the  case  of  the  aminocoumarins,  these  acid  affinities  would 
doubtless  find  partial  satisfaction  in  the  extra  affinities  available 
in  the  aminic  nitrogen  atom,  but  owing  to  the  weakness  of  the 
union  which  would  exist  between  the  •0*C0-  and  amino-groups, 
it  is  highly  probable  that  the  bonds  uniting  them  would  be  con- 
tinually broken  and  re-formed  during  intermolecular  motions. 

If  the  correct  formula  for  coumarin  is  that  suggested  by  Morgan 
and  Micklethwait  (Trans.,  1906,  89,  863),  the  amino-coumarins 
may  be  undergoing  the  vibratory  change  indicated  in  the  subjoined 
formube  for  8-aminocoumarin : 

/|  ^\ 

4  D  2 
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The  author  considers  it  possible  that  these  vibrations  may 
generate  the  yellow  colour,  and  it  is  worthy  of  note  that  in  the 
case  of  8-aminocoumarin,  where,  owing  to  the  proximity  of  the 
nitrogen  and  oxygen  atoms  concerned,  the  rupture  of  the  bonds 
would  be  less  easily  effected,  the  yellow  colour  is  much  less  marked 
than   in  the   other  amino-derivatives. 

The  following  facts  support  the  view  expressed  by  the  above 
formulae : 

(i)  The  above  observation  (p.  1350),  that  the  colour  vanishes 
when  the  supplementary  valencies  of  the  nitrogen  atom  are  involved 
by  the  formation  of  a  quaternary  salt,  and  when  the  basicity  of 
the  amino-group  is  destroyed  by  acylation. 

(ii)  The  fact  that  the  hydrochlorides  of  all  the  amino-coumarins 
examined  by  the  author  are  colourless. 

(iii)  The  remarkable  stability  of  the  amino-  and  diamino- 
coumarins  both  in  the  solid  state  and  in  solution. 


Experimental. 

S-Aminocoumarin. — 8-Nitrocoumarin  (1  gram)  was  suspended  in 
boiling  dilute  acetic  acid  (100  c.c),  and  gradually  treated  with  iron 
filings  (1  gram),  after  which  the  mixture  was  boiled  for  fifteen 
minutes,  and  filtered.  The  filtrate  yielded  crystals,  which,  after  re- 
crystallisation  from  alcohol,  formed  pale  yellow  prisms,  melting  at 
145—146°: 

0-1987  gave  0-4868  CX)2  and  0-0817  HgO.     C  =  66-81 ;  H  =  4-57. 
0-1023     „     7-5  c.c.  Ng  at  20°  and  756  mm.     N  =  8-34. 
C9H7O2N  requires  C  =  67-08;  H=4-35;  N-8-70  per  cent. 

%-Amino-l-mtthylcoumarin. — A  mixture  of  6-nitro-7-methyl«i 
coumarin  (1  gram)  and  5  per  cent,  acetic  acid  (100  c.c.)  was  heatec 
to  boiling  and  gradually  treated  with  iron  filings  (1  gram),  aftei 
which  the  liquid  was  boiled  for  fifteen  minutes,  then  cooled  anc 
filtered.  The  residue  was  extracted  with  alcohol  and  crystalliset 
from  the  same  solvent,  when  yellow  needles,  melting  at  200 — 201°' 
were  obtained : 

0-1523  gave  0-3818  COo  and  0-0729  HgO.     C  =  68-37;  H  =  5-32. 
0-1216     „     8-7  c.c.  Ng'^at  20°  and  756  mm.     N  =  8-14. 

C10H9O2N  requires  C  =  68-57;  H  =  5-14;  N  =  8-00  per  cent. 

6-J.wmo-4 :  1 -dimcthylcoumarin  was  prepared  from  6-nitro- 
4  :  7-dimethylcoumarin  in  the  manner  described  in  the  preceding 
experiment.  The  product,  however,  was  extracted  with  glacial 
acetic  acid,  and  crystallised  from  this  solvent  in  yellow  needles, 
melting  at  203—205°: 
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01781  gave 0-4540  COg  and  0-0941  H^O.     0  =  6952;  H  =  5-87. 

0-1816     „  12-0  c.c.  N2  at  20°  and  756  mm.     N  =  7-52. 
CnHuOoN  requires  C  =  69-84;  H  =  5-82;  N  =  7-41  per  cent. 

5-Amin^-6  :  1 -dim ethyl coximarin. — 5-Nitro-6  :  7-dimethylcoumarin 
(1  gram)  and  dilute  acetic  acid  (80  c.c.)  were  boiled  together,  and 
cradually  treated  with  iron  filings  (O'S  gram),  after  which  the 
fixture  was  heated  for  one  hour.  The  cooled  liquid  was  filtered 
and  the  residue  extracf ed  with  alcohol,  from  which  solvent  yellow 
needles,  melting  at  189°,  were  obtained : 

01630  gave  04148  COo  and  0-0871  HoO.     C  =  69-38 ;  H  =  5*94. 

01590     „  10-7  c.c.  No  at  21°  and  752  mm.     N  =  7-54. 
CjiHuOoN  requires  C  =  69-84;  H  =  5-82;  N  =  7-41  per  cent. 

1-Amino-b:  G>:  ^-trimethylcoumarin.  —  7-Nitro-5  :  6:  8-trimethyl- 
coumarin  (5  grams)  was  mixed  with  dilute  acetic  acid  (100  c.c.) 
and  heated  to  boiling,  when  iron  filings  (5  grams)  were  gradually 
added,  the  mixture  finally  being  boiled  for  one  hour.  The  cooled 
liquid  was  filtered,  and  the  residue  repeatedly  extracted  with 
alcohol,  in  which  solvent  the  product  is  somewhat  sparingly  soluble. 
Recrystallisation  from  glacial  acetic  acid  yielded  yellow  needles, 
melting  at  220 — 221°.  The  solution  in  alcohol  or  acetone  exhibits 
a  strong  blue  fluorescence,  which  does  not  appear  in  the  solutions 
in  benzene,  toluene,  or  acetic  acid : 

0-1331  gave 03458  COo  and  00782  HoO.     C  =  7086 ;  H  =  660. 

0-1341  ^  „     7-9  c.c.  No  at  20°  and  756  mm.     N  =  6-70. 
CjoHjgOgN  requires 'C  =  70- 94;  H  =  6-40;  N  =  6-90  per  cent. 

6-.4mi'no-4:  6:  l-trimethylcoiimarin.  —  6-Nitro-4 :  6:  7-trimethyl- 
coumarin  (2  grams)  and  dilute  acetic  acid  (40  c.c.)  were  boiled 
together  and  treated  with  iron  filings  (2  grams),  after  which  the 
mixture  was  boiled  for  one  hour.  The  cooled  liquid  was  filtered 
and  the  residue  extracted  with  alcohol,  from  which  solvent  75  per 
cent,  of  the  theoretical  quantity  of  yellow  needles,  melting  at 
232 — 233°,  was  obtained.  The  substance  is  rather  sparingly  soluble 
in  alcohol : 

01812  gave  0-4699  CX)..  and  01047  HoO.     C  =  70-71 ;  H  =  6-42. 

0-1851     „  11-3  c.c.  No  at  20°  and  750  mm.     N  =  6-89. 
CjoHigOoN  requires  6  =  7094;  H  =  6-40;  N  =  6-90  per  cent. 

6-3'i7ro-3:  4:  l-trimethylcoumarln. — A  solution  of  3:4:  7-tri- 
methylcoumarin  (2  3  grams)  in  concentrated  sulphuric  acid  (12  c.c.) 
was  slowly  treated  at  0°  with  a  mixture  of  nitric  acid  (D  1-4) 
(1  c.c.)  and  concentrated  sulphuric  acid  (3  c.c),  after  which  the 
liquid  was  kept  at  the  ordinary  temperature  for  thirty  minutes, 
and  then  poured  on  crushed  ice.  The  product  crystallised  from 
glacial  acetic  acid  in  colourless  needles,  melting  at  169 — 170°; 
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01994  gave  0-4515  COg  and  0-0832  HoO.     C  =  61-76;  H  =  4-64. 

0-1514     „     7-9  c.c.  N2  at  20°  and  756  mm.     N  =  5-93. 
C]2Hii04N  requires  C  =  61-80;  H  =  4-72;  N  =  6-01  per  cent. 

Q-Amino-3:  4:  l-trimethylcoumarin.  —  6-Nitro-3 :  4:  7-trimethyl- 
coumarin  was  reduced  with  iron  filings  and  dilute  acetic  acid  in  the 
usual  way,  the  liquid  being  bojled  for  twenty  minutes  after  the 
addition  of  the  iron.  The  cooled  mixture  was  filtered,  and  the 
residue  extracted  with  alcohol,  from  which  solvent  the  product 
crystallised  in  yellow  needles,  melting  at  200 — 201°.  The  alcoholic 
solution  exhibits  a  brilliant  green  fluorescence: 

0-1450  gave  0-3759  COo  and  0-0820  HgO.     C  =  70-70;  H  =  6-28. 

0-1047     „     6-7  c.c.  N,  at  20°  and  756  mm.     N  =  7-32. 
C12H13O2N  requires  "C  =  70- 94;  H  =  6-40;  N  =  6-^0  per  cent. 

5:8-  Dmmino-6  :  1 -dimetJiT/lcoumarin.  —  5:8-  Dinitro-6  :  7-di- 
methylcoiimarin  (2  grams)  was  heated  to  100°  with  dilute  acetic 
acid  and  gradually  treated  with  iron  filings  (5  grams),  the  mixture 
being  subsequently  boiled  for  twenty  minutes,  then  cooled  and 
filtered.  The  residue  was  extracted  with  alcohol,  from  which 
solvent  yellow  needles,  melting  at  209 — ^212°,  were  obtained: 

0-1330  gave  16-0  c.c.  ^2  at  20°  and  762  mm.     N=:  13-79. 
CiiHj202]Sr2  requires  N  =  13-73  per  cent. 

5  :  7-Diamino-4: :  6  :  ?)-triniethylcoumarirh.  —  5  :  7-Dinitro-4  :  6  :  8- 
trimethylcoumarin  was  reduced  with  iron  filings  and  acetic  acid 
as  in  the  preceding  experiment.  The  product  separated  from 
alcohol  in  fine,  yelloAV  needles,  melting  at  218 — 220°.  There  was 
no  tendency  in  this  or  the  preceding  experiment  to  form  the  nitro- 
amine : 

0-1403  gave  0-3381  COo  and  0-0781  HoO.     C  =  65-72;  H  =  6-18. 

0-1093     „  12-3  c.c.  Nsat  18°  and  734  mm.     N  =  12-55. 
C12H14O2N2  requires  C  =  66-05  ;  H  =  6-42;  N  =  12*84  per  cent. 

The  author  desires  to  express  his  thanks  to  the  Chemical  Society 
for  a  grant  which  has  in  part  defrayed  the  expense  incurred  during 
this  investigation. 

Royal  Collegf,  of  Science,  London, 
South  Kensington,  S.W, 
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CXXIV. — Experiments  on  the  Walden  Inversion.  Part 
V.  The  Interconversion  of  the  Optically  Active 
a-Hydroxy-B-phenylp>ropionic  A cids. 

By   Alex.   McKenzie  and   Henry   Wren. 

The  )8-hydroxy-)8-pheiiylpropionic  acids  (this  vol.,  p.  121)  and  the 
isomeric  phenylmethylglycollic  acids  (this  vol.,  p.  1016)  have  already 
been  investigated  with  reference  to  the  Walden  inversion. 

In  the  present  communication  the  resolution  of  another  of  the 
isomeric  racemic  "  phenyl-lactic  "  acids,  namely,  o-hydroxy-)8-phenyl- 
propionic  acid,  C6H5'CH2*CH(OH)'COoH,  into  its  optically  active 
components  is  described.  An  aqueous  solution  of  this  acid  was 
neutralised  by  morphine,  and  the  resolution  proceeded  with  the 
same  ease  as  in  the  case  of  the  )8-hydroxy-acid  {loc.  cit.),  the  morphine 
<?-salt  being  much  more  sparingly  soluble  in  water  than  the  morphine 
^salt.  The  resulting  c?-acid  melts  at  124 — 125°,  whereas  the  r-acid 
melts  at  97—98°.  The  value  for  the  specific  rotation,  [a]j,  + 18*5° 
for  c  =  3*5332  in  ethyl-alcoholic  solution,  is  nearly  identical  with 
that  obtained  for  the  )8-hydroxy-acid  under  similar  conditions.  The 
Z-acid  was  readily  isolated  from  the  filtrate,  from  which  the  morphine 
<^/-salt  had  separated. 

The  preparation  of  the  optically  active  a-bromo-)3-phenylpropionic 
acids  from  the  inactive  bromo-acid  has  been  described  by  E.  Fischer 
and  Carl  {Ber.,  1906,  39,  3996).  We  find  that  the  displacement 
of  bromine  by  the  hydroxy-group  in  these  acids  takes  place  very 
much  more  slowly  than  in  any  other  case  of  halogen  displacement 
described  in  this  series  of  papers,  and  it  is  not  accompanied  by  a 
change  of  sign  of  rotation.  Since  it  is  immaterial  whether  the 
displacement  is  effected  by  water,  by  aqueous  sodium  hydroxide,  or 
by  silver  oxide  and  water,  the  action 

appears  to  be  a  normal  one. 

The  action  of  phosphorus  pentachloride  on  the  active  hydroxy- 
acids  was  next  examined.  The  </-acid  gave  a  dextrorotatory 
chloro-acid  chloride,  the  phosphorus  pentachloride,  as  is  always  the 
case  when  it  acts  on  an  optically  active  acid,  causing  a  considerable 
amount  of  racemisation.  When  the  acid  chloride  was  heated  with 
calcium  carbonate  and  water,  a  change  of  sign  was  found  to  have 
occurred ;  a  laevorotatory  product  was  obtained,  from  which  a 
specimen  of  the  pure  Z-hydroxy-acid  was  isolated.     The  behaviour 
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of  the  ^hydroxy-acid  towards  phosphorus  pentachloride  was  similar. 
The  following  changes  have  been  carried  out: 


Cby  CaCOs  and 
water) 


^'' 


(by  CaCOs  and 
water) 


(^-CsHs-CH^-CHCl-COaH  -%^^^  ^-C,H5-CH2-CH(OH)-C02H. 
This    is    the    first    example    recorded  where    phosphorus   pentar 
chloride  appears  to  act  abnormally. 
The   isomeric  acids, 

C^lI,-GIl{OKyCH,,-CO,B.,  C,H5-CH2-CH(OH)-CO,H,  and 

thus  differ  from  one  another  in  behaviour  from  the  point  of  view 
of  the  Walden  inversion. 

Since  phosphorus  pentachloride  has  been  found  to  be  an  agent 
capable  of  causing  a  transformation  such  as  the  above,  and  since 
the  action  of  thionyl  chloride  on  the  active  phenylmethylglycollic 
acids  also  proceeded  in  a  somewhat  unexpected  manner  (loc.  cit.), 
the  comparison  of  the  action  of  these  two  chlorides  on  a  number  of 
active  hydroxy-acids  and  their  esters  has  been  rendered  necessary. 
This  subject  is  at  present  under  investigation. 

EXPEEIMENTAL. 

Resolution   of  x-a-Hydroxy-^-'phenyl'pro'pionic   Acid. 

7--a-Hydroxy-)8-phenylpropionic  acid  was  prepared  from  benzyl- 
bromomalonic  acid  (Conrad,  Annalen,  1880,  204,  174)  by  con- 
verting it  into  a-bromo-jS-phenylpropionic  (a-bromohydrocinnamic) 
acid,  and  then  displacing  the  bromine  in  the  latter  acid  by  the 
hydroxy-group  (E.  Fischer,  Ber.,  1904,  37,  3062;  E.  Fischer  and 
Carl,  loc.  cit.;  E.  Fischer  and  Zemplen,  Ber.,  1909,  42,  4878). 

14' 7  Grams  of  the  r-acid  (1  mol.)  were  dissolved  in  300  c.c.  of 
water  at  about  90°,  and  shaken  with  26*5  grams  of  powdered 
morphine  (1  mol.)  for  a  few  minutes  until  the  alkaloid  had  dis- 
solved. After  a  night  at  about  8°,  24  grams  of  glassy  crystals 
had  separated.  After  crystallisation  from  water,  18  grams  of  salt 
were  obtained,  from  which  the  acid  was  isolated  by  acidification 
with  mineral  acid  and  extraction  with  ether.  The  resulting  acid 
was  crystallised  once  from  water  (50  c.c),  and  4-2  grams  of  the 
pure  <i-acid  were  obtained. 

di-a-TIydroxy-^-'phenyl'pro'pionic  acid,  C,iH5*CH2*CH(OH)*C02H, 
dissolves  readily  in  cold  methyl  alcohol,  ethyl  alcohol,  or  acetone. 
It  is   readily   soluble  in    hot  water    or  benzene,  and,   on   cooling, 
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separates  in  long,  glassy  needles,  with  rectangular  ends.     It  melts 
at  124—125°: 

0-1507  gave  0-3578  COo  and  0-0829  H^O.     C  =  64-8;  H  =  6-2. 
C9HJ0O3  requires  C  =  65-0;  H  =  6-l  per  cent. 

Its  rotation  was  determined  in  ethyl-alcoholic  solution : 
;  =  4,  c  =  3-5332,  a};  +2-61°,  [a]};  +18-5°. 

Its  melting  point  and  its  specific  rotation  in  ethyl-alcoholic 
solution  did  not  change  after  it  had  been  recrystallised  several  times 
from  water. 

Its  rotation  was  also  determined  in  aqueous  solution : 
l=i,c  =  2-5622,  a^r  +  2-34°,  [a]^  +  22-8°. 

The  enantiomorpBously  related  acid  was  obtained  from  the  mother 
liquors,  from  which  the  morphine  <:?-salt  ha-d  separated.  The  crude 
acid  (7-5  grams)  was  crystallised  from  water  (70  c.c.) ;  the  yield 
of  the  Z-acid  was  4  grams.  It  was  obvious  that  the  difference  in 
solubility  in  water  between  the  active  and  the  inactive  isomerides 
was  such  as  to  render  the  isolation  of  the  pure  active  acid  from  a 
mixture  of  active  and  inactive  acids  a  simple  operation  in  the  case 
mentioned. 

l-a-Hj/droxy-P-pJienylpropionic  acid,  like  the  <f-acid,  melts  at 
124—125°: 

0-1309  gave  03124  COg  and  0-0716  H,0.     C  =  651;  H  =  6-l. 
C9HJ0O3  requires  C  =  65-0;  H  =  6-l  per  cent. 

A  determination  of  its  specific  rotation  in  ethyl-alcoholic  solution 
gave  the  result: 

?  =  4,c  =  2-9332,  a};  -2-19%  [a]};   -18-7°. 

In  another  experiment,  where  18  grams  of  the  r-acid,  410  c.c.  of 
water,  and  33  grams  of  morphine  were  employed,  crystallisation 
was  induced  by  the  addition  of  a  nucleus  of  the  morphine  /f-salt. 
From  the  22-5  grams  of  salt  which  separated  after  a  night  at 
about  9°,  6-1  grams  of  nearly  pure  d-acid  were  obtained,  with 
[a]j,-fl7-8°  for  c  =  6-748  in  ethyl-alcoholic  solution.  After  one 
crystallisation  from  water,  the  acid  was  obtained  with  the  rotation 
quoted  above.  The  filtrate,  from  which  the  morphine  rf-salt  had 
been  removed,  gave  61  grams  of  acid,  which  had  [o],,  —168°  for 
r  =  6-95  in  ethyl-alcoholic  solution,  and,  after  one  crystallisation 
from  water,  the  acid  was  pure. 

The  resolution  of  the  inactive  acid  is  accordingly  very  easily 
carried  out;  possibly  the  addition  of  a  nucleus  of  the  morphine 
<f-salt  is  of  service. 
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Dii'placemertt  of  Bromine  in  the  Active  a-Bromo-fi-phenylpro'pionic 
Acids  by  the  Hydroxy-growp. 

Pischer  and  Carl  {J,oc.  cit.)  employed  both  brucine  and  quinine 
for  the  resolution  of  inactive  a-bromo-^-phenylpropionic  acid.  The 
most  active  product  obtained  by  them  had  [ojj,  —  8'3°,  but,  since 
it  was  frozen  out  from  a  mixture  of  r-  and  Z-acids  at  0°,  it  contained, 
as  Fischer  and  Carl  point  out,  some  of  the  r-form.  The  various 
specimens  of  acids  used  in  the  following  experiments  were  prepared 
by  the  quinine  method,  and  were  also  not  homogeneous. 

Action  of  Water. — The  bromo-acid  used  had  .[aju  —  5'1°  in  ethyl- 
alcoholic  solution.  A  solution  of  2'5  grams  in  200  c.c.  of  water 
was  heated  at  100°  for  about  fifty  hours,  but,  even  after  this  treat- 
ment, the  displacement  of  the  bromine  by  the  hydroxy-group  was 
not  complete.  The  resulting  acid  was  crystallised  once  from 
benzene,  in  which  the  bromo-acid  is  readily  soluble;  the  hydroxy- 
acid  obtained  was  laevorotatory,  having  [ajj,  —  5'6°  in  ethyl-alcoholic 
solution. 

Similarly,  a  dextrorotatory  bromo-acid,  with  [aj^  -f-  7*4°  in  ethyl- 
alcoholic  solution,  was  heated  with  water  in  an  open  dish  for  about 
thirty  hours,  the  water  being  renewed  from  time  to  time.  The 
hydroxy-acid,  obtained  as  before,  had  [a]p  4-12*7°  in  ethyl-alcoholic 
solution. 

Action  of  Calcium  Carbonate  and  Water. — The  dextrorotatory 
bromo-acid,  as  used  in  the  preceding  experiment,  was  boiled  for 
several  hours  with  water  and  calcium  carbonate.  The  resulting 
hydroxy-acid,  after  one  crystallisation  from  water,  was  free  from 
bromine,  and  had  [o]jj  -f  15'8°  in  ethyl-alcoholic  solution. 

Action  of  Aqueous  Sodium  Hydroxide. — A  solution  of  I'l  grams 
of  bromo-acid,  with  [a]p  -f7*4°  in  110  c.c.  of  aqueous  sodium 
hydroxide  (0"1047iV),  was  heated  for  four  hours  at  about  100°.  The 
resulting  acid  was  crystallised  from  benzene,  and  the  practically 
pure  <i-hydroxy-acid  obtained. 

Action  of  Mercuric  Oxide  and  Water. — Here  again  a  dextro- 
rotatory bromo-acid  gave  the  ^/-hydroxy-acid. 

Action  of  Water  on  Silver  d-a-Bromo-^-phenylpropionate. — The 
dextrorotatory  bromo-acid,  with  [o]jj  4-5*2°  in  ethyl-alcoholic  solu- 
tion, was  converted  into  silver  salt,  which  was  heated  with  an 
excess  of  water  for  nine  hours  at  100°.  The  resulting  acid,  after 
one  crystallisation  from  benzene,  had  [a]jj  + 13*4°  in  ethyl-alcoholic 
solution. 

When  the  dextrorotatory  bromo-acid  was  heated  with  silver  oxide 
and  water  at  100°,  partial  oxidation  took  place,  but  the  resulting 
hydroxy-acid  was  dextrorotatory. 
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Inferconversion  of  the  Optically  Active  Hydroory-acids. 

</-o-Hydroxy-)8-phenylpropionic  acid  (57  grams)  was  mixed  with 
phosphorus  pentachloride  (14  grams).  The  evolution  of  hydrogen 
chloride  began  at  the  ordinary  temperature.  The  mixture  was 
connected  with  a  tube  condenser,  and  gradually  heated  to  140° 
during  an  interval  of  three  hours.  After  one  hour  at  140 — 145°, 
the  action  was  not  quite  complete.  The  phosphoryl  chloride 
was  accordingly  distilled  off,  and  the  temperature  maintained  at 
195 — 205°  during  two  hours.  No  phosphorus  pentachloride 
separated  on  cooling.  The  product  was  distilled  under  diminished 
pressure,  and  an  oil,  boiling  mainly  at  115 — 117°/9  mm.,  was 
collected.  This  was  diluted  slightly  with  ether,  and  examined 
polarimetrically  in  a  50  mm.  tube;  it  ha^  o^  +4"0°.  The  oil  was 
then  boiled  with  a  large  excess  of  calcium  carbonate  and  water 
for  eight  hours.  The  acid  was  extracted  and  found  to  be  laevo- 
rotatory,  giving  the  value  [a] ^  —11*9°  in  ethyl-alcoholic  solution. 
After  one  crystallisation  from  benzene,  the  product  melted  at 
123 — 125°,  and  had  [a]j,  —16-3°  in  ethyl-alcoholic  solution.  It  was 
then  crystallised  from  water.  The  resulting  acid  melted  at 
124 — 125°,   and  had  [a]p  —18-0°  in   ethyl-alcoholic  solution. 

The  identity  of  this  acid  with  the  pure  Z-hydroxy-acid  was  further 
shown  by  a  determination  of  the  melting  point  of  a  mixture  of  the 
two. 

The  ?-hydroxy-acid  was  converted  into  the  c?-hydroxy-acid  in  a 
similar  manner. 

A  further  experiment  was  carried  out  with  the  rf-hydroxy-acid 
under  conditions  somewhat  different  from  the  above.  The  acid 
(5'2  grams)  was  heated  with  phosphorus  pentachloride  (19'6  grams), 
the  latter  being  taken  in  this  case  in  excess.  The  temperature 
was  gradually  raised  to  150°  during  two  hours,  the  phosphoryl 
chloride  then  distilled  off,  and  the  temperature  gradually  raised 
to  190°  during  thirty  minutes.  The  product  was  then  added  to 
ice  and  treated  with  calcium  carbonate  and  water  as  before.  After 
removal  of  the  excess  of  calcium  carbonate,  the  filtrate  (75  c.c.) 
was  laevorotatory,  25  c.c.  of  it  in  a  4-dcm.  tube  giving  Op  —109°. 
The  acid  extracted  from  the  calcium  salt  had  [ajj,  —  96°  in  ethyl- 
alcoholic  solution. 

BiRKBECK   CJOLLKOE, 
LONDOK,    E.C. 
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CXXV. — llie  Triazo-group.     Part  XIV.     Azoimides  of 

the  Acetoacetic  Series. 

By  Martin  Onslow  Forster  and  Sidney  Herbert  Newman. 

As  a  natural  sequence  to  the  series  of  substituted  triazomalonic 
esters  (this  vol.,  p.  126),  we  proceeded  to  study  the  corresponding 
derivatives  of  acetoacetic  ester,  and  it  may  be  stated  at  once  that 
the  result  has  been  somewhat  disappointing,  on  account  of  the 
subsidiary  changes  which  take  place  under  the  conditions  usually 
observed  for  the  displacement  of  halogen  by  the  triazo-group.  For 
this  reason  it  has  not  been  possible  to  produce  a-  or  y-triazdaceto- 
acetic  ester,  and  although  a  small  quantity  of  ao-bistriazoacetoacetic 
ester  has  been  isolated,  the  yield  of  this  material,  owing  to  circum- 
stances which  are  explained  later,  is  scarcely  more  than  5  per  cent. 
By  the  interaction  of  methyl  and  ethyl  a-chloromethylacetoacetates, 
and  of  ethyl  a-chloroethylacetoacetate  with  sodium  azide,  however, 
the  corresponding  triazo-derivatives, 
CH3-CO-CN3(CH3)-COo-CH3,        CH3-CO-CN3(CH3)-C02-C2H5,  and 

CH3-CO-CN3(C2H,,)-C02-C2H5, 
have  been  prepared,  but  it  has  to  be  noted  that  substitution  of  the 
azoimide  nucleus  for  chlorine  in  this  group  of  esters  takes  place 
much  less  readily  than  among  those  of  the  acetic  and  malonic  series ; 
in  consequence  of  this  limitation,  the  yield  of  each  product  has 
been  very  far  below  that  which  might  reasonably  have  been 
expected,  especially  in  the  case  of  a-triazoethylacetoacetic  ester. 

In  reviewing  the  behaviour  which  characterises  the  azoimides  of 
the  acetoacetic  series,  it  is  convenient  to  recall  their  relationship 
with  ethyl  triazoacetate  by  means  of  the  following  formulae  : 

EtO-CO-CN3<^  EtO-CO-CN8<^Q.^jj 

Etliyl  triazoacetate.  Ethyl  triazoacetoacetate 

(not  isolated). 


EtO-CO-CN3<^JJ^3^^j  EtO-CO-CN3<^2j*(5jj 

Ethyl  triazoinethylacotoacetate.  Ethyl  tiiazoethylacetoacetate. 


Ethyl  bistriazoacetoacetate. 

From  this  it   appears  that  the  effect   of   introducing  an   acetyl 

group   into   the  triazoacetic  ester  molecule  corresponds  with   that 

produced  by  the  carboxyethyl  radicle,  the  secondary  character  of 

triazotised  carbon  in  both  triazomalonic  and  triazoac^toacetic  ^steys 


I 
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rendering  these  compounds  too  unstable  for  isolation.  If,  however, 
the  remaining  hydrogen  in  the  latter  substance  is  replaced  by  an 
alkyl  group,  stability  is  restored,  but  the  resulting  esters,  unlike 
those  of  the  triazomalonic  series,  cannot  be  made  to  yield  the  parent 
acids,  owing  to  the  readiness  with  which  disruption  of  the  chain 
takes  place  in  the  direction  of  either  ketone  or  acid  hydrolysis. 
Nevertheless,  the  study  of  these  compounds  has  furnished  an 
illustration  of  the  stability  which  characterises  even  a  triazo-ketone 
when  the  triazotised  carbon  atom  is  tertiary.  The  esters  in  question 
may  be  regarded  as  substitution  products  of  triazoacetone  in  which 
the  methylenic  hydrogen  has  been  completely  replaced,  and  there- 
fore represent  a  new  type;  when  compared  with  triazoacetone, 
triazobutanones,  phenacylazoimide,  and  o-triazocamphor,  the 
dependence  of  such  triazo-ketones  upon  hydrogen  for  the  trans- 
formation which  characterises  their  behaviour  towards  alkali 
hydroxide  is  clearly  indicated.  As  noticed  already  in  the  sub- 
stitut-ed  triazomalonic  series,  the  liberation  of  nitrogen  by  the  action 
of  potassium  hydroxide  is  only  consequent  on  hydrolysis  followed 
by  loss  of  carbon  dioxide, 
CH3-CO-CN3(CH3)-C02-C2H5  — >  CH3-CO-CN3(CH3)-C02K  — > 

CHN3{CH3)-CO,,K, 

a  substituted  o-triazoacetic  acid  being  formed.  The  action  of 
ammonia  on  a-triazomethylacetoacetic  ester  establishes  this  point, 
as  the  product  has  been  identified  with  a-triazopropionamide : 

CH3-CO-CN3(CH3)-C02-CoH5  +  NH^-OH  = 

CHg-COoH  +  CHa'CHNs-CO-NHg  +  aHgO. 

Whilst  this  change  illustrates  the  result  of  "  acid  hydrolysis," 
the  alternative  decomposition  of  acetoacetic  derivatives,  namely, 
"  ketone  hydrolysis,"  has  been  effected  by  means  of  hydrochloric 
acid,  incidentally  bringing  to  light  a  new  reaction  for  triazo- 
ketones  of  the  aliphatic  series.  On  shaking  o-triazomethylaceto- 
acetic  ester  with  hydrochloric  acid  (D  1'2),  gas  is  slowly  liberated, 
crystals  of  ammonium  chloride  separate,  and  a  clear,  bright  yellow 
solution  is  produced.  This  must  be  ascribed  to  the  following 
changes : 
CH3-CO-CN3(CH3)'C02-C.^H5  — >  CH3-CO-CN3(CH3)-COgH  — > 

CHa'CO-CHNg-CHa  -^  CH3-C0-C(:NH)'CH3  --> 
CH3-CO-CO-CH3, 

because  diacctyl  has  been  recognised  as  the  final  product.  The 
alteration  of  a  triazo-ketone  indicated  by  this  series  of  reactions 
has  not  been  observed  before,  but  there  seems  to  be  no  doubt  that 
it  is  the  proper  interpretation  of  the  appearance  of  diacetyl,  as 
we  find  that  triazoacetone  itself  effervesces  vigorously  with  concen- 
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trated  hydrochloric  acid,  quickly  yielding  crystals  of  ammonium 
chloride;  under  the  same  treatment  triazoacetic  ester  is  merely 
hydrolysed,  without  giving  nitrogen  or  ammonia. 

A  curious  point  of  difference  between  the  triazo-group  and  a 
similarly  situated  chlorine  atom  follows  from  the  action  of  semi- 
carbazide  on  ethyl  a-triazomethylacetoacetate,  which  is  converted  into 
the  semicarbazone,  CH3-C(:N-NH-C0-NH2)-CN3(CH3)-C02-C2H5; 
on  exposing  the  parent  chloro-derivative  t-o  the  same  agent,  the 
product  was  found  to  have  lost  the  halogen,  and  as  we  have  not 
met  with  any  description  of  the  interaction  between  semicarbazide 
and  the  chloro-derivatives  of  substituted  a<^etoacetic  esters,  the 
matter  seems  to  deserve  further  study  in  connexion  with  the  influence 
of  negative  groups  on  the  formation  of  semicarbazones  (Rupe  and 
Kessler,  Ber.,  1909,  42,  4715). 

A  general  comparison  between  the  azoimides  of  the  acetoacetic 
series  and  those  of  the  malonic  group  shows  the  )3-ketonic  esters 
to  be  less  easily  obtainable,  and  less  stable  when  produced,  than 
the  dicarboxylic  esters.  Particularly  noticeable  is  this  in  the  case 
of  ao-bistriazoacetoacetic  ester.  Whilst  the  specimen  of  bistriazo- 
malonic  ester  has  remained  clear  and  limpid  during  nine  months 
in  darkness,  aa-bistriazoacetoacetic  ester,  within  four  days  after 
distillation,  deposited  a  mass  of  colourless  crystals  which  have  been 
identified  with  the  substance  spontaneously  separating  from  bis- 
triazoacetic  ester  (m.  p.  91°).  From  this  it  is  evident  that  the 
tendency  to  break  up  into  acetic  acid  and  disubstituted  acetic 
ester, 

CH3C0-C(N3)2-CO2-C2H5  +  H2O  =  CH3-C02H  +  CH(N3)2-C02-C2H5, 
is  even  more  pronounced  on  the  part  of  ao-bistriazoacetoacetic  ester 
than  in  the  case  of  aa-dichloroacetoacetic  ester,  which  yields  dichloro- 
acetic  ester  with  alkalis  and  ammonia,  but  is  comparatively  stable  in 
absence  of  these  agents.  Furthermore,  in  preparing  bistriazoaceto- 
acetic  ester,  it  was  noticed  that  a  considerable  proportion  of 
dichloroacetic  ester  accompanied  the  substance,  and  this  circum- 
stance, together  with  the  rapid  change  undergone  by  the  bistriazo- 
compound,  would  explain  the  very  disappointing  yield  of  the  latter 
material.  In  view  of  the  foregoing  remarks  it  is  not  surprising 
to  find  that  ao-bistriazoacetoacetic  ester,  when  treated  with  alkali 
hydroxide,  gives  rise  to  potassium  cyanide  in  association  with  the 
azide,  as  the  formation  of  prussic  acid  has  been  connected  hitherto 
with  only  those  bistriazo-compounds  in  which  both  azidic  groups 
are  attached  to  the  same  carbon  atom. 
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Experimental. 
Attempts    to   Prepare  Ethyl   Triuzoacetoacetate. 

The  interaction  of  a-chloroacetoacetic  ester  and  sodium  azide  in 
aqueous  alcohol  recalled  the  experiences  connected  with  attempts 
to  prepare  triazomalonic  ester  (this  vol.,  p.  130) ;  evidence  of  the 
production  of  a  triazo-compound  was  given,  but  the  material 
appeared  to  be  very  easily  decomposed  by  water,  and  we  therefore 
failed  to  separate  it  from  its  products  of  change  and  from  the 
unaltered  claloro-ester.  There  does  not  appear  to  be  any  action 
when  dry  sodium  azide  is  shaken  with  an  ethereal  solution  of  ethyl 
chloroacetoacetate,  and  the  change  which  takes  place  on  removing 
the  solvent  is  too  profound,  even  at  moderate  temperatures,  to 
encourage  any  hope  that  the  a-triazoacetoacetic  ester  might  be 
isolated. 

Methyl  a-Triazomethylacetoacetate,  CH3*CO'CN3(CH3)*C02*CH3. 

The  chloro-ester  required  for  the  preparation  of  this  material  does 
not  appear  to  have  been  described. 

Methyl  a-CJiloromethylacetoacetate,  CH3-C0-CC1(CH3)-C02-CH3, 
was  produced  on  adding  sulphuryl  chloride  (34  grams)  drop  by 
drop  to  methyl  methylacetoacetate  (32  grams)  at  zero,  the  liquid 
being  then  allowed  to  take  the  temperature  of  the  laboratory; 
after  an  interval  of  twelve  hours  it  was  heated  one  hour  on  the 
wat-er-bath,  poured  into  water,  and  extracted  with  ether,  the  solution 
being  shaken  with  small  quantities  of  water  until  no  longer  acid. 
The  residue  from  the  dried  extract  was  distilled  at  75 — 7 6°/ 13  mm., 
yielding  31  grams : 

0-1253  gave  O'llOO  AgCl.     CI  =  21-86. 

CcHgOgCl   requires  Cl  =  2r54  per  cent. 

The  ester  is  a  colourless  liquid,  having  a  faint  odour  of  pepper- 
mint. 

Preliminary  experiments  showed  that  replacement  of  chlorine 
by  the  triazo-group  does  not  take  place  very  readily  in  this  series 
when  the  hydrogen  of  the  methylene  group  is  entirely  substituted ; 
merely  shaking  the  chloro-ester  with  alcohol  and  aqueous  sodium 
azide  during  twenty-four  hours  gave  a  product  consisting  mostly  of 
unchanged  material,  although  a  certain  proportion  of  the  triazo- 
derivative  was  indicated  by  its  behaviour  towards  potassium 
hydroxide,  stannous  chloride,  and  concentrated  sulphuric  acid ;  this 
was  borne  out  by  analysis,  which  showed  that  transformation  to 
the  extent  of  about  40  per  cent,  had  taken   place.     The  product 


1364      FORSTER   AND   NEWMAN:   THE   TRIAZO-GROUP.      PART   XIV. 

from  methyl  a-chloromethylacetoacetate,  which  had  been  shaken 
during  twenty  hours  with  25  grams  of  sodium  azide  and  the  neces- 
sary amount  of  water  and  alcohol  to  form  a  clear  solution,  was 
separated  in  the  usual  manner  and  shaken  during  a  further  period 
of  twenty  hours  with  20  grams  of  sodium  azide ;  as  it  still  contained 
chlorine  and  an  insufficient  percentage  of  nitrogen,  it  was  heated 
under  reflux  during  five  hours  with  the  alcoholic  liquid  still  con- 
taining sodium  azide,  and  finally  salted  out  with  ammonium 
sulphate.  Distillation  of  the  dried  liquid  revealed  a  mixture, 
although  there  was  no  longer  any  chlorine  present.  A  specimen  of 
the  pure  triazo-ester  was  ultimately  obtained  by  heating  34  grams 
of  the  chloroester  in  absolute  alcohol  with  20  grams  of  sodium 
azide  in  water  during  thirty  hours  under  reflux.  Here  it  was 
noticed  that  the  proportion  of  first  runnings  was  considerable,  but 
12  grams  of  a  less  volatile  fraction  distilled  at  75 — 76°/0'66  mm. : 

0-1208  gave  25-7  c.c.  Ng  at  18°  and  756  mm.     N  =  24-44. 
0-1625     „     34-4  c.c.  Ng  „  17°     „    764  mm.     N  =  24-69. 
CfiHgOgNg  requires  N  =  24-56  per  cent. 

The  ester  is  a  colourless  liquid  without  characteristic  odour  until 
warnied  with  water,  when  it  develops  a  fragrant  perfume,  quite 
distinct  from  the  peppermint  suggested  by  the  chloro-ester ;  it  does 
not  explode  on  a  hot  plate,  and  becomes  only  pale  yellow  during 
the  lapse  of  several  months  if  protected  from  light.  Its  sp.  gr.  is 
1-1453  at  21°/21°.  The  effervescence  with  stannous  chloride  in 
hydrochloric  acid  is  vigorous,  and  yields  two-thirds  the  azidic 
nitrogen : 

0-1738  gave  24-8  c.c.  Ng  at  18°  and  763  mm.     N  =  16-29. 
CgHgOgNg  rcqulrcs  |N  =  16-37  per  cent. 

Concentrated  sulphuric  acid  also  decomposes  the  substance,  but 
not  violently,  whilst  30  per  cent,  aqueous  potassium  hydroxide 
effects  hydrolysis  at  first  without  effervescence,  although  liberation 
of  nitrogen  occurs  on  heating  the  liquid,  which  is  then  found  to 
contain  only  a  trace  of  azide,  without  cyanide.  Ferric  chloride  doea 
not  develop  a  coloration  with  the  ester. 

Ethyl  a-Triazomethylacetoacetate,  CH3*CO*CN3(CH3)*C02*C2H5, 

The  ethyl  a-chloromethylacetoacetate  required  for  the  preparation 
of  this  material  was  obtained  in  the  manner  described  by  Roubleff 
{Annalen,  1890,  259,  254);  it  was  distilled  at  82°/ 15  mm. 

The  chloro-ester  (35  grams)  in  alcohol  was  heated  with  sodium 
azide  (15  grams)  in  water  during  fifty  to  sixty  hours  under  reflux,- 
the  product  being  precipitated  with  water  and  ammonium  sulphate. 
As  in  the  case  of  the  methyl  ester,  there  was  a  considerable  pro- 
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portion  of  first  runnings  following  the  complete  removal  of  ether 
and  alcohol,  but  the  continued  heating  had  displaced  all  chlorine; 
the  purified  ester  boiled  at  85°/ 1  mm. : 

0-1987  gave  390  c.c.  No  at  20°  and  758  mm.     X  =  22-41. 
C7H11O3N3  requires  N  =  22"70  per  cent. 

The  substance  resembles  the  methyl  ester  in  all  its  properties,  and 
has  a  sp.  gr.  of  1-1070  at  18°/ 18°;  it  does  not  explode  on  a  hot 
plate,  and  the  vapour  in  st^am,  when  inhaled,  does  not  produce  the 
throbbing  effect  in  the  head  which  characterises  that  of  triazo- 
acetic  ester.  There  is  not  any  development  of  colour  with  ferric 
chloride. 

The  semicarbazone,  CH3-C(:N-NH-C0-NH2)-CN3(CH3)-CX)2-C2H5. 
— After  mixing  3  grams  of  the  ester  in  a  few  c.c.  of  alcohol  with  an 
aqueous  solution  of  semicarbazide  acetate  prepared  from  3  grams 
of  the  hydrochloride,  lustrous,  transparent  prisms  separated  in  the 
course  of  a  few  hours;  recrystallisation  from  benzene  gave  silky, 
snow-white  needles,  melting  at  122°  to  a  pale  magenta  liquid: 

0-2334  gave  03390  CO2  and  0-1226  HoO.     C  =  39-62 ;  H  =  5-88. 

01019     „  31-6  c.c.  N^at  25°  and  760  mm.     N  =  34-60. 
CgHiiOgNg  requires  C  =  39-67;  H  =  5-78;  N  =  34-71  per  cent. 

The  substance  is  freely  soluble  in  a<;etone  or  chloroform,  and 
dissolves  readily  in  hot  wat^r,  crystallising  in  long,  lustrous  needles 
on  cooling;  it  is  insoluble  in  boiling  petroleum,  and  dissolves 
sparingly  in  cold  benzene,  but  1  gram  requires  only  3  c.c.  of  the 
hot  solvent.  Effervescence  with  concentrated  sulphuric  acid  is  very 
sluggish,  but  when  stannous  chloride  is  added  to  a  suspension  in 
dilute  hydrochloric  acid,  nitrogen  is  liberated  immediately,  a  clear 
solution  being  formed : 

01208  gave  120  c.c.  N,  at  25°  and  760  mm.     N  =  ll-34. 
C8H14O3N6  requires  JN  =  ll-53  per  cent. 

Aqueous  30  per  cent,  potassium  hydroxide  forms  a  clear,  yellow 
solution,  which  becomes  colourless  on  boiling ;  ammonia  is  thereupon 
liberated,  and  pot-assium  azide  produced. 

Ethyl  OrTriazoetliylacetoacetate,   CH3-CO-CN3(C2H5)-COo-CoH5. 

Ethyl  a-chloroethylacetoacetate  was  first  prepared  by  Conrad 
{Annalen,  1877,  186,  241)  from  ethylacetoacetic  ester  and  chlorine, 
whilst  Isbert  {Annalen,  1886,  234,  187)  employed  phosphorus  penta- 
chloride;  we  used  sulphuryl  chloride,  as  recommended  by  Roubleff 
{lo'c.  cit.)  for  the  corresponding  methyl  derivative.  From  50  grams 
of  ethylacetoacetic  ethyl  ester  and  44  grams  of  sulphuryl  chloride, 
45  grams  of  the  chloro-ester,  boiling  at  90°/ 11  mm.  and 
64°/0-33  mm.,  were  obtained. 

VOL.    XCVll.  -i    X 
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The  difficulty  experienced  in  transforming  the  chloromethyl- 
acetoacetate  was  accentuated  in  the  case  of  the  ethyl  derivative, 
and  after  several  unsuccessful  experiments  it  was  found  necessary 
to  heat  the  ester  in  alcohol  with  aqueous  sodium  azide  under  reflux 
during  upwards  of  one  hundred  hours  before  exchange  of  halogen 
for  the  triazo-group  appeared  to  be  complete.  This  protracted 
treatment  naturally  led  to  a  considerable  degree  of  subsidiary 
decomposition,  which  was  indicated  by  the  separation  of  a  large 
earlier  fraction  when  the  product  was  distilled ;  from  40  grams  of 
chloro-ester  only  10  grams  were  collected  at  84 — 85°/0'9  mm., 
although  the  same  quantity  of  first  runnings  contained  but  a  trace 
of  chlorine  : 

0-1501  gave  28-2  c.c.  Ng  at  21°  and  764  mm.     N  =  21-49. 
C8HJ3O3N3  requires  N  =  21-11  per  cent. 

The  ester  has  a  very  faint  odour,  which  becomes  strong  and 
fragrant  in  steam ;  it  does  not  explode  on  a  hot  plate,  and  is  quite 
stable  when  protected  from  light.  It  has  a  sp.  gr.  of  r0536/19°. 
The  action  with  concentrated  sulphuric  acid  is  very  vigorous,  whilst 
stannous  chloride  acts  slowly;  aqueous  potassium  hydroxide  first 
hydrolyses  the  ester  and  liberates  gas  on  heating,  but  does  not 
produce  either  hydrazoic  or  prussic  acid.  Ferric  chloride  is  without 
action  on  the  ester. 

The  semicarbazone,  CH3-C(:N-NH-C0-NH2)-CN3(C2H5)-C02-C2H5, 
separated  more  slowly  than  that  of  the  methyl  derivative,  and  was 
much  more  readily  soluble  in  benzene,  from  which  it  crystallised 
in  transparent  plates,  retaining  the  solvent,  and  melting  indefinitely 
at  about  130°  (N  =  30-52;  CgHieOgNe  requires  N  =  32-81).  On  re- 
crystallisation  from  boiling  water,  the  hydrocarbon  was  liberated, 
and  there  separated  long,  lustrous  needles,  melting  at  135°: 

0-1361  gave  39-0  c.c.  Ng  at  23°  and  754  mm.     N  =  32-04. 
CgHjgOaNg  +  JHoO  requires  N  =  31*70  per  cent. 

The  presence  of  the  triazo-group  was  demonstrated  by  stannous 
chloride,  concentrated  sulphuric  acid,  and  aqueous  potassium 
hydroxide,  the  last-named  decomposing  the  substance  when  heated, 
producing  a  transient  yellow  coloration,  and  liberating  ammonia. 

Acid  and  Ketone  Hydrolysis  of  Ethyl  a-Triazomethylacetoacetate. 

The  production  of  nitrogen  when  the  alkylacetoacetic  azoimides 
are  heated  with  aqueous  potassium  hydroxide  is  doubtless  due  to 
"  acid  hydrolysis,"  which  should  give  rise  to  the  corresponding 
alkyltriazoacetic  acid;  when  shaken  with  cold  30  per  cent,  aqueous 
potassium  hydroxide,  the  ethyl  ester  of  o-triazomethylacetoacetic 
acid  quickly  formed  a  clear  solution,  and,  after  acidification,   the 
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residue  from  the  ethereal  extract  had  the  rancid  odour  of  o-triazo- 
propionic  acid,  and  did  not  develop  colour  with  ferric  chloride. 
More  definite  evidence  that  the  decomposition  takes  this  direction 
is  furnished  by  the  action  of  ammonia.  Two  grams  of  ethyl 
a-triazomethyla<;etoacetate  were  shaken  at  zero  with  10  c.c.  of 
concentrated  ammonia  until  a  clear  solution  was  formed,  this  being 
kept  in  a  vacuum  desiccator  until  crystals  appeared ;  the  product  was 
recrystallised  from  benzene,  and  melted  at  80°  without  depressing 
the  melting  point  of  triazopropionamide  prepared  from  ethyl 
a-triazopropionate  and  ammonia  (Trans.,  1908,  93,  673). 

The  course  of  the  '"  ketone  hydrolysis  "  is  shown  by  the  behaviour 
of  o-triazomethylacetoacetic  ester  towards  concentrated  hydro- 
chloric acid.  One  gram  was  shaken  at  intervals  with  5  c.c.  of  this 
agent,  when  the  liquid  slowly  became  yellow  and  evolved  gas ;  after 
many  hours,  crystals  of  ammonium  chloride  separated,  and  on 
diluting  with  water  and  extracting  with  ether,  the  residue  from 
the  fatter  was  shown  to  contain  diacetyl  by  means  of  the  test 
described  by  Sachs  and  Rohmer  {Ber.,  1902,  35,  3311).  The 
reaction  in  question  does  not  appear  to  be  well  known,  but  it  offers 
a  very  siinple  and  striking  method  of  recognising  the  diketone, 
which  is  mixed  with  common  benzene  containing  thiophen,  and 
treated  with  concentrated  sulphuric  acid ;  a  very  intense  dark  green 
coloration  is  developed  when  diacetyl  is  present. 

Ethyl  aa-Bistriazoacetoacetate,    CH3'CO'C(N3)2*C02*C2H5. 

Much  time  and  material  has  been  spent  in  attempting  to  isolate 
the  bistriazo-ester,  and  although  a  small  quantity  of  the  substance 
has  been  obtained  on  two  occasions,  it  is  accompanied  by  a  mixture 
of  more  volatile  compounds,  of  which  the  principal  constituent  is 
ethyl  dichloroacetate,  due  to  disruption  of  the  dichloroacetoacetic 
molecule  prior  to  double  decomposition  with  sodium  azide. 

oa-Dichloroacetoacetic  ester  (25  grams)  in  alcohol  (40  c.c.)  was 
shaken  at  frequent  intervals  during  six  days  with  25  per  cent, 
aqueous  sodium  azide  (100  grams);  hydrazoic  acid  was  liberated 
freely,  and  when  the  residue  from  ether  extraction  was  distilled 
under  reduced  pressure,  a  considerable  proportion  of  a  colourless, 
pungent  liquid  passed  over,  5  grams  boiling  steadily  at  61 — 64°/ 
25  mm.  This  did  not  effervesce  with  concentrated  sulphuric  acid, 
and  was  identified  with  ethyl  dichloroacetate  by  conversion  into  the 
amide,  which  did  not  depress  the  melting  point  of  dichloroacetamide 
when  mixed  with  that  substance.  The  residue  from  the  initial 
distillation  was  then  heated  under  0*9  mm.  pressure,  yielding  12 
grams  at  81 — 82°,  and  leaving  a  few  drops  of  pale  brown  material 
which   became  crystalline  on  cooling.     The  distillate   had   a  more 

4x2 
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pungent  and  distinctive  odour  than  that  of  the  triazoacetoacetic 
esters  described  above;  on  one  occasion  the  attempt  to  estimate 
nitrogen  led  to  an  explosion : 

0-0659  gave  23-0  c.c.  Ng  at  25°  and  766  mm.     N  =  39-25. 
CgHgOaNg  requires  N  =  39'62  per  cent. 

The  ester  does  not  develop  colour  with  ferric  chloride,  even  when 
heated,  indicating  that  it  is  fairly  stable.  The  decomposition  with 
concentrated  sulphuric  acid  is  very  violent,  and  brisk  effervescence 
takes  place  with  stannous  chloride  in  hydrochloric  acid.  When 
shaken  with  30  per  cent,  potassium  hydroxide,  the  mixture  becomes 
warm  and  liberates  nitrogen  steadily,  but  not  in  large  quantity, 
and  probably  therefore  the  decomposition  is  due  to  preliminary 
"  acid  hydrolysis "  leading  to  bistriazoacetic  acid,  in  which  the 
triazotised  carbon,  being  secondary,  loses  the  azoimide  complex  very 
readily;  the  clear  alkaline  liquid  yields  a  further  quantity  of 
nitrogen  when  heated,  and  contains  potassium  azide  and  cyanide. 

A  more  definite  proof  of  transformation  into  bistriazoacetic  ester 
is  given  by  the  alteration  which  ao-bistriazoacetoacetic  ester  under- 
goes with  lapse  of  time.  One  c.c,  preserved  in  darkness  during  six 
months,  deposited  a  glassy  crystal  weighing  1  decigram ;  this  melted 
at  91°,  and  when  mixed  with  the  similar  substance  deposited  by 
bistriazoacetic  ester  (this  vol.,  p.  130)  melted  still  at  that  tem- 
perature. A  second  specimen  of  bistriazoacetoacetic  ester  changed 
into  this  crystalline  compound  within  four  days  of  being  distilled, 
and  it  is  no  doubt  in  part  due  to  this  complete  and  rapid  decom- 
position that  the  yield  of  the  bistriazo- derivative  is  so  small. 

Royal  Colleoe  of  Science,  London. 
South  Ken.sington,  S.  W. 


CXXVI. — 6-Chluro-2-phenyl-l  :  3-henzoxaz{ne-4:-one   and 

Belated  Derivatives. 

By  Arthur  Walsh  Titherley  and  Ernest  Chislett  Hughes. 

CO'  NTT 
The  cyclic  hydroxyoxazone   derivative,     CgH^<^  ppVi.nH'  ^^^^^' 

mediate  in  the  reversible  rearrangement  of  the  two  benzoylsalicyl- 
amides  appears  to  be  quite  incapable  of  separate  existence,  and 
when  produced  by  oxidation  of  2-phenyldihydro-l :  3-benzoxazine- 
4-one  ("  phenylbenzometoxazone ")  yields  i\^-benzoylsalicylamide 
(Titherley,  Trans.,  1907,  91.  1420).  The  object  of  the  present 
investigation  was  to  prepare  the  related  2-chloro-derivative, 

CO-NH 

^6^4<^_CClPh' 
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with  a  view  to  studying  its  behaviour  when  the  chlorine  atom  was 

replaced  by  hydroxyl,  and  the  mode  of  preparation  attempted  was 

the  chlorination  of  2-phenyldihydro-l :  3-benzoxazine-4-one  (I)  in  the 

expectation  that  the  hydrogen  atom  in  position  2  might  be  replaced 

by  chlorine.     A  possible  alternative  reaction  is  that  of  substitution 

in  the  benzene  nucleus. 

The  chlorination  was  carried  out  under  a  variety  of  conditions, 

but   in  no  circumstances  could   the  desired    2-chloro-derivative   be 

obtained.     While  the  work  was  in  progress  it  became  evident  that 

this    derivative,    if    formed,    would  be    unstable,   and   immediately 

lose  hydrogen   chloride.     One  of  the  authors  (Titherley,  this  vol., 

p,   200)   has   now  shown  that  this  2-chloro-compound   is   probably 

produced   as   an  intermediate  product  in   the   action  of   hydrogen 

chloride  on  either  0-  or  lY-benzoylsalicylamide,  but  that  it  at  once 

loses     hydrogen     chloride,    yielding    the    unsaturated    compound, 

.CO-N 
2-phenyl-l :  3-benzoxazine-4-one,  CgH^<\„^M      . 

An  examination  of  the  products  of  chlorination  of  the  oxazone 
(I)  under  all  conditions  made  it  clear  that  the  chlorine  had  sub- 
stituted hydrogen  in  the  benzene  nucleus,  and  by  working  carefully 
it  was  possible  to  isolate  two  monochloro-derivatives  of  almost 
identical  melting  point  (214 — 215°),  the  proportions  of  which  varied 
with  the  time  of  chlorination.  One  of  these,  formed  first,  was 
shown  to  be  a  simple  chloro-substitution  derivative  (II),  and  the 
other,  the  amount  of  which  increased  with^time,  was  proved  to  bo 
the  chloro-derivative  (IV)  of  the  unsaturated  cyclic  compound 
recently  described  by  Titherley  (loc.  cit.).  It  is  evident  that, 
although  substitution  first  takes  place  in  the  benzene  ring,  the 
hydrogen  atom  at  position  2  in  the  oxazone  nucleus  is  subsequently 
replaced,  giving  the  2-chloro-derivative  (III),  which  loses  hydrogen 
chloride  as  fast  as  it  is  formed : 
CO 


NH 

^^^/CHPh 

6 

(I) 

2-Phenyldihydro-l  :3-benz- 
oxazinc-4-onc. 
CO 

Cl/\/^NH 


CO 

Cl/\/^.NH 


-^ 


c^ 


I        iCHPh 

0 

(II.) 
6-ChIoro-2-pheDyldihyclro-l  :  3- 
benzoxazine-4-one,  m.  p.  214°. 


iCClPh 


-HCl 


O 

(III.) 
Not  isolated. 


(IV.) 
6-Chloro-2-phi'nyl-l  :  S-benzoxaritw- 
4-oue,  lu.  p.  215% 
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Owing  to  the  great  similarity  in  the  physical  properties  of  these 
two  chloro-derivatives  (II  and  IV),  and  the  fact  that  they  give 
practically  the  same  figures  for  chlorine  and  nitrogen  on  analysis, 
considerable  difficulty  was  encountered  in  isolating  them  and 
establishing  their  separate  identity.  Advantage  was  eventually 
taken  of  a  marked  difference  in  their  velocities  of  formation  in  fixing 
the  optimum  conditions  for  the  preparation  of  the  two  substances. 

The  position  of  the  chlorine  atom  (6)  in  the  two  compounds  was 
proved  by  the  fact  that,  on  alkali  hydrolysis,  5-chlorosalicylamide 
(V)  was  produced ;  and  the  constitution  of  the  compound  (II)  was 
confirmed  by  its  independent  synthesis  by  the  condensation  of 
5-chlorosalicylamide  and  benzaldehyde  (compare  Titherley  and 
Hicks,  Trans.,  1909,  95,  915).  Similarly,  the  constitution  of.  the 
unsaturated  cyclic  compound  (IV)  was  confirmed  by  its  independent 
synthesis  from  phenyl-5-chlorosalicylate  (VI)  and  phenylbenzamidine 
by  a  method  similar  to  that  by  which  2-phenyl-l :  3-benzoxazine- 
4-one  has  been  recently  obtained  from  phenyl  salicylate,  as  well  as 
by  the  internal  condensation  of  O-benzoyl-5-chlorosalicylamide 
(VII)  under  the  catalytic  influence  of  hydrogen  chloride,  similar 
to  that  of  0-benzoylsalicylamide  (compare  Titherley,  this  vol., 
p.  200).  Further,  the  relation  between  the  two  chloro-compounds 
has  been  confirmed  by  the  fact  that  the  unsaturated  compound  (IV), 
on  reduction,  is  transformed  into  the  dihydro-derivative  (II). 

These  relations  are  indicated  in  the  scheme : 

C0-NH2  CO 


'^^l         I  Ph*CH:0  ^'l  r^-^ 

>         [       I       JCHPh 


OH  O 

(V.)  (II.)     M.  p.  214°. 


5-Chlorosalicylamide. 


K 


COaPh  CO 

II  +    PhNH-^^  ^'^  -^        [       I       IcPh      + 

OH  O 

(VI.)  ;;(  PhOH   +   PhNHg 

Phenyl-5-chlorosalicylate.  ^^/     (IV.)     M.  p.  215°. 

CO-NHs  /     CO 


< 


cir  V  TTPi         cir  Y  >NH 


>  I        '       JCPh-OH 


\/\ 

0-COPh  O 

(VII.)  Unknown. 

O-Benzoyl-5-chlorosalicyIamide. 
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The  two  chloro-compounds  (II  and  IV)  differ  strongly  in  their 
chemical  properties,  and  whilst  the  dihydro-compound  (II)  on 
alkali  hydrolysis  at  100°  yields  benzaldehyde,  the  unsaturated  ring 
compound  (IV)  yields  benzoic  acid.  The  dihydro-compound  is 
similar  throughout  in  its  properties  to  its  parent  substance,  "  phenyl- 
benzometoxazone,"'  and  on  treatment  with  pyridine  and  alkali  suffers 
a  similar  ring  rupture  (compare  Titherley,  Trans.,  1907,  91,  1420), 
yielding  the  isomeric  sy?«--benzylidene-5-chlorosalicylamide  (VIII), 
which  is  even  more  labile  than  the  corresponding  simple  syn- 
benzylidenesalicylamide  (loc^  cit.),  and  rearranges  readily  into  the 
cyclic  compound  (II)  : 

CO  CO-NICHPh 

Pyridine  and  alkali 

NH >        CI 

JCHPh 

Heat 

O  < OH 

(II.)     M.  p.  214°.  (VIII.) 

s2/n-Benzylidene-5-chlorosalicylamide. 

The  unsaturated  chloro-derivative  (IV)  is  similar  in  its  chemical 

CO'N 
properties  to  the  parent  substance,  CgH^-sC^        nnu  >  ^^^  melts  more 

than  100°  higher,  and  is  much  less  soluble  in  solvents.  Moreover, 
it  is  much  more  stable  in  respect  of  the  1 :  3-oxazone  ring,  and 
whereas  the  parent  compound  is  extremely  sensitive  to  aqueous 
acids  in  the  cold,  the  chloro-derivative  (IV)  is  only  slowly  affected. 
On  heating,  however,  it  is  easily  ruptured  with  addition  of  water, 
giving  3'-benzoyl-5-chlorosalicylamide  (IX),  which  has  been  shown 
to  be  identical  with  the  rearrangement  product  (on  melting)  of 
O-benzoyl-5-chlorosalicylamide  (VII).  Conversely,  the  iV-benzoyl 
derivative  (IX)  is  rearranged  to  the  0-benzoyl  isomeride  (VII)  by 


CO-NHg 

\A 

OH 

CO-NH. 

Benzoylation        ^'j           1 

'              \/\ 

0-COPh 

(V.) 

(VII.)     O-Bcnzoyl-5-chlorosalicyl- 
araidc,  m.  p.  153°. 

s 

*•> 

U] 

^ 

CO 

ci/V> 

^^CPh 

HjO 

— >■ 

CO-NHCOPh 

cl/^/ 

(IV.)    M.  p.  216'. 

(IX.)    ^■•Benzoyl-S-chlorosj 

ilicjl 

imiJe,  m.  p.  238°. 
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boiling  with  acetic  acid,  and  complete  identity  has  been  established 
between  this  0-benzoyl  derivative  and  the  product  of  pyridine- 
benzoylation  of  5-chlorosalicylamide  (V)  at  — 15°. 

The  rearrangement  phenomena  are  analogous  in  every  particular 
to  those  observed  between  0-  and  iV^-benzoylsalicylamides  by 
McConnan  and  Titherley  (Trans.,  1906,  89,  1318),  and  the  above 
relations  are  expressed  in  the  scheme  on  p.  1371. 

Experimental. 

The  Action  of  Chlorine  on  2-Phenyldihydro-\  :  Z-henzoxazine-i-one. 

(a)  Without  Solvent. — A  number  of  experiments  were  carried 
out  without  solvent  at  110°  and  higher  temperatures,  both  in  bright 
daylight  and  in  the  dark.  Illumination  did  not  sensibly  affect  the 
course  of  the  reaction.  During  the  passage  of  the  chlorine,  the  solid 
in  the  flask  slowly  melted,  and  after  about  an  hour  a  yellow  semi- 
solid mass  resulted,  which,  after  cooling,  on  treatment  with  cold 
benzene  left  a  white,  crystalline  solid.  The  latter  consisted  of 
a  mixture  in  varying  proportions  of  6-chloro-2-phenyldihydro- 
1 :  3-benzoxazine-4-one  and  6-chloro-2-phenyl-l :  3-benzoxazine-4:-one, 
which  were  never  completely  separated  by  recrystallisation.  The 
benzene  filtrate,  on  keeping,  deposited  a  solid,  which  gave  a  yellow 
ammonium  and  sodium  salt.  This  solid,  on  investigation  and 
analysis,  was  found  to  consist  of  iV-benzoylsalicylamide  and 
iy-benzoyl-5-chlorosalicylamide  (chiefly  the  latter)  in  proportions 
which  varied  with  different  experiments.  These  two  compounds  are 
evidently  derived  by  the  action  of  atmospheric  moisture,  under  the 
catalytic  influence  of  hydrogen  chloride  present  in  small  quantity, 
on  2-phenyl-l :  3-benzoxazine-4-one  and  its  chloro-derivative  formed 
as  by-products  in  the  chlorination. 

(h)  In  Presence  of  Solvents. — Chloroform  and  benzotrichloride 
were  found  to  be  the  most  suitable  solvents  for  studying  the 
chlorination  at  different  temperatures  (61°  and  110°). 

(1)  Using  Chloroform. — Dry  chlorine  was  passed  through  a 
boiling  solution  of  5  grams  of  2-phenyldihydro-l :  3-benzoxazine- 
4-one  in  50  grams  of  chloroform  in  the  dark  at  a  uniform  rate  of 
about  4  c.c.  per  second.  At  regular  intervals  a  small  quantity  of 
the  solution  was  withdrawn,  allowed  to  evaporate  on  a  watch-glass, 
and  the  melting  point  of  the  resulting  solid  after  washing  with 
cold  benzene  determined.  By  plotting  the  melting  points  against 
time,  a  curve  (Fig.  1)  was  obtained. 

The  first  rise  corresponds  to  the  production,  with  a  high  velocity, 
of  6-chloro-2-phcnyldihydro-l  :  3-benzoxazine-4-one  (m.  p.  214°), 
which  reached  a  maximum  in  twenty-two  minutes.     The  subsequent 
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depression,  following  its  conversion  with  a  low  velocity  into  6-chloro- 
2-phenyl-l :  3-benzoxazine-4-one  (m.  p.  215°),  corresponds  with 
mixtures  of  the  two  substances,  and  the  second  maximum  with  the 
maximum  production  of  the  latter  compound,  melting  at  215°. 
Both  reactions  take  place  side  by  side,  and  in  any  case  are  accom- 
panied by  secondary  changes  which  have  not  been  studied,  but 
appear  to  lead  to  breaking  up  of  the  1 :  3-oxazone  ring.  Hence  the 
two  products  obtained  at  the  respective  melting-point  maxima  are 
not  quite  pure,  although  they  are  sufficiently  so  to  be  purified  by 
recrystallisation.  On  the  other  hand,  it  was  found  to  be  almost 
impossible  to  separate  them  when  mixed  in  proportions  correspond- 
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Fig.  1. 
ChloriiuUion  in  chloroform  solution  at  61°. 
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ing  with  points  on  the  curve  other  than  the  maxima,  and  tlie 
conditions  of  preparation  described  on  p.  1374  were  based  on  ihe 
curve. 

(2)  Using  Benzotrichloride. — Dry  chlorine  was  passed  into  a 
solution  of  5  grams  of  2-phenyIdihydro-l :  3-benzoxazine-4-one  in 
75  grams  of  benzotrichloride  at  110°  in  the  dark  at  a  uniform  rate 
of  8  to  9  c.c.  per  second.  The  melting  points  of  the  solid,  obtained 
from  samples  withdrawn  at  one  minute  intervals,  are  shown  on  the 
curve  (Fig.  2),  the  mean  temperature  being  given  in  the  intervening 
readings  between  eight  and  twelve  minutes,  where  the  product 
melted  over  a  range  about  10°.  As  in  the  chloroform  experiments, 
the  curve  shows  two  maxima,  but  the  velocities  of  the  two  reactions 
•ire,  of  course,  much  higher. 
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An  examination  of  the  product  obtained  at  the  first  maximum 
showed  that  it  consisted  essentially  of  the  chloro-derivative  melting 
at  214°,  whilst  that  obtained  at  the  second  maximum  consisted 
essentially  of  the  derivative  melting  at  215°,  as  in  the  case  of  the 
chloroform  experiments,  but  owing  to  the  increased  velocity  of  the 
reactions  at  110°  it  wais  found  inconvenient  to  adopt  the  benzo- 
chloride  process  in  the  preparation  of  6-chloro-2-phenyldihydro- 
1 :  3-benzoxazine-4-one  (m.  p.  214°),  since  it  is  difficult  to  stop  the 
chlorination  at  exactly  the  right  point.  Chloroform  was  accordingly 
used  in  the  preparation  of  this  compound,  and  benzotrichloride  was 

Fig.  2. 
Chlorination  in  henzotriehloride  solution  at  110°. 
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more   conveniently   used    in   the   preparation   of   6-chloro-2-phenyl- 
1 :  3-benzoxazine-4-one. 


&-Ghloro-2-'phenyldihydro-\  :  Z-benzoxazine-A-one, 

^«^«^<0-CHPh- 

(1)  Preparation  by  Chlorination  Method. — Dry  chlorine  was 
passed  into  a  boiling  solution  of  20  grams  of  2-phenyldihydro- 
1 :  3-benzoxazine-4-one  in  200  c.c.  of  chloroform  in  a  reflux  apparatus. 
The  action  was  conducted  in  a  dark  chamber,  and  the  gas  passed 
in  for  twenty  minutes  at  the  rate  of  about  6  c.c.  per  second,  during 
which  hydrogen  chloride  was  liberated  in  large  quantity.  The 
impure  chloro-derivative,  which  crystallised  out  as  a  white  mass 
after  cooling,  weighed   12"5   grams,  and  melted  between  195°  and 
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200°.      After     recrystallisation   four    times    from    alcohol,    it     was 
obtained  pure,  the  melting  point  remaining  constant  at  214°: 

0-3816,    by    Kjeldahl's    method,    required     144    c.c.    Nj  10-B.Cl. 
]Sr  =  5-28. 

0-3048  gave  0-1700  AgCl.     CI -13-77. 

Cj^HioOoNCl  requires  N  =  5-39;  Cl=  13-69  per  cent. 

The  compound  is  sparingly  soluble  in  cold  alcohol,  benzene,  or 
acetone,  but  readily  so  in  hot  alcohol,  from  which  it  crystallises  in 
bundles  of  fine  needles. 

Hydrolysis.  —  6-Chloro-2-phenyldihydro-l  :  3-benzoxazine-4-one  is 
insoluble  in  cold  dilute  alkali,  but  is  readily  hydrolysed  by  the 
hot  reagent,  benzaldehyde  being  produced.  One  gram  was  boiled 
with  10  c.c.  of  10  per  cent,  sodium  hydroxide  for  five  minutes,  when 
the  solid  had  completely  disappeared.  After  cooling,  alcohol  was 
added,  and  then  excess  of  dilute  hydrochloric  acid.  After  some  time, 
a  mass  of  fine  needles  separated,  melting  at  223 — 224°.  which  were 
shown  to  consist  of  5-chlorosalicylamide,  the  substance  being 
identical  in  all  respects  with  that  obtained  (1)  by  the  chlorination 
of  salicylamide  (see  below),  and  (2)  by  pyridine-alkali  hydrolysis  of 
6-chloro-2-phenyl-l :  3-benzoxazine-4-one  (p.  1377). 

(2)  Synthetic  Preparation  of  &-Chloro-2-yhenyldihydro-\  :  3-benz- 
oxazineA-one. — The  5-chlorosalicylamide  required  for  the  synthesis 
has  been  described  by  Smith  (Ber.,  1878,  11,  1227),  who  obtained 
it  from  methyl  5-chlorosalicylate.  It  was  prepared  by  the  authors 
from  salicylamide  (50  grams  in  1500  c.c.  of  boiling  chloroform) 
by  treating  it  with  a  rapid  stream  of  dry  chlorine  in  the  dark  for 
nearly  an  hour. 

Twenty  grams  of  5-chlorosalicylamide  were  mixed  with  50  grams 
of  benzaldehyde,  and  the  mixture,  after  addition  of  about  1  c.c.  of 
alcoholic  hydrogen  chloride,  was  heated  to  60 — 70°  for  thirty 
minutes.  A  clear  solution  resulted  at  first,  which  gradually 
deposited  long,  silky  needles.  On  cooling,  a  mass  of  crystals  was 
obtained,  which  were  washed  carefully  with  cold  alcohol  in  order  to 
remove  the  excess  of  benzaldehyde.  The  crystals  consisted  of  pure 
6-chloro-2-phenyldihydro-l :  3-benzoxazine-4-one,  and  melted  at  214°, 
the  yield  being  22  grams.  After  recrystallisation  from  alcohol,  the 
melting  point  was  raised  to  215°,  and  the  identity  of  the  compound 
with  that  obtained  by  chlorination  (m.  p.  214°)  was  shown  by 
careful  comparison,  and  by  the  fact  that  a  mixture  of  the  two 
products  melted  sharply  at  214°: 

0-3854,    by    Kjeldahl's    method,  required     142     c.c.  iV/10-HCl. 
N  =  5-21. 

0-2084  gave  0-1152  AgCl.     01  =  13-67. 

CHH10O2NCI  requires  N  =  5-39;  01  =  1369  percent. 
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syn-Benzi/lidene-5-chlorosalici/lamide, 
n  JJ  rii^CO-JSflOHPh 

Five  grams  of  6-chloro-2-phenyldihydro-l :  3-benzoxazine-4-one  in 
35  grams  of  pyridine  were  shaken  with  40  c.c.  of  10  per  cent,  sodium 
hydroxide  for  half  an  hour,  by  which  time  the  bright  yellow  colour 
which  at  first  developed  had  disappeared.  The  solution  was  diluted 
with  water  to  2  litres,  and  treated  at  0°  with  excess  of  dilute 
hydrochloric  acid.  The  resulting  thick  white  precipitate,  con- 
sisting of  the  syTi-chloro-derivative,  together  with  a  little  unchanged 
compound,  was  collected,  dried  in  a  vacuum  and  digested  with 
10  per  cent,  sodium  hydroxide.  In  this  way  the  very  sparingly 
soluble  sodium  salt  of  the  syTJ-chloro-derivative  was  produced,  and 
the  white  solid,  after  washing  with  water  to  remove  traces  of 
5-chlorosalicylamide  (due  to  slight  hydrolysis),  was  digested  with  a 
mixture  of  equal  parts  of  alcohol  and  water,  in  which  the  sodium 
salt  is  readily  soluble.  The  filtrate  from  the  insoluble  unchanged 
cyclic  compound,  on  acidification,  gave  a  white  amorphous  pre- 
cipitate of  the  syw-chloro-derivative,  which  was  dried  on  porous 
porcelain  in  a  vacuum.  It  could  not  be  crystallised  from  solvents 
without  rearrangement  to  the  cyclic  isomeride,  but  analysis  showed 
that  it  was  practically  pure : 

0-4284,    by   Kjeldahl's    method,    required     16-5    c.c.    iV710-HCl. 
N  =  5-40. 
•     0-1766  gave  0-0948  AgCl.     Cl  =  13-30. 

C14H10O2NCI  requires  N  =  5-39;  01  =  13-69  per  cent. 

The  compound  is  very  sparingly  soluble  in  all  solvents  except  hot 
alcohol  (with  rearrangement).  It  melts  at  about  150°,  also  with 
rapid  and  complete  rearrangement,  to  6-chloro-2-plienyldihydro- 
1 :  3-benzoxazine-4-one,  which  solidifies  in  the  tube  and  then  melts 
at  213°.  The  compound  gives  a  purple  coloration  in  acetone  solution 
with  alcoholic  ferric  chloride. 

6-C hloro-2-pheni/l-l :  3-b enzoxazine-A-one, 

(1)  Prejmration  by  Chlorination  Method. — A  rapid  stream  of  dry 
chlorine  (8  to  9  c.c.  per  second)  was  passed  into  a  solution  of  10 
grams  of  2-phenyldihydro-l  :  3-benzoxazine-4-one  in  15  grams  of 
benzotrichloride  at  110°  in  the  dark  for  thirty  minutes.  On  cooling, 
a  mass  of  fine  white  needles  separated  after  some  time,  which  were 
collected  and  washed  with  small  quantities  of  cold  benzene.  After 
recrystallisation,  first  from  benzene  and  finally  from  acetone,  the 
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pure  compound  was  obtained  in  long  silky  needles,  melting  at  215°. 
(When  not  quite  pure,  the  compound  crystallises  in  much  shorter 
needles.)     The  yield  was  7  grams: 

0-4327,   by    Kjeldahl's    method,   required     16-5   c.c.    iV/10-HCl. 
N  =  5-24. 

0-2266  gave  0-1288  AgCl.     CI  =  1406. 

CnHgOoNCl  requires  N  =  5-43;  CI  =  13-78  per  cent. 

The  compound  is  somewhat  sparingly  soluble  in  hot  alcohol, 
readily  so  in  hot  benzene  or  acetone,  but  sparingly  so  in  the  usual 
organic  solvents  in  the  cold.  It  is  not  affected  by  cold  dilute 
sodium  hydroxide,  but  in  contact  with  strong  aqueous  ammonia  it 
yields  fine  orange-yellow  needles,  which  are  under  investigation. 
The  compound  is  not  sensibly  affected  by  cold  dilute  acids,  but  in 
hot  alcoholic  solution  with  a  little  hydrochloric  a<;id,  it  rapidly 
undergoes  disruption  with  absorption  of  water,  yielding  i\^-benzoyl- 
5-chlorosalicylamide  (m.  p.  235°),  which  separates  from  the  hot 
liquid  as  a  voluminous  microcrystalline  mass  if  the  solution  is  not 
too  dilute.     The  yield  was  practically  qxiantitative : 

0-2994,    bjr    Kjeldahl's    method,    required    ll'S  c.c.   T/lO-HCl. 
N  =  5-26. 

0-2468  gave  0-1234  AgCl.     Cl  =  12-37. 

C14HJ0O3NCI  requires  N  =  5-08;  CI  =  12-88  per  cent. 

The  substance  was  identical  with  the  synthetically  prepared 
iV^-benzoyl-5-chlorosalicylamide  (p.  1380). 

Hydrolysis  of  6-Chloro-2-phenyl-l :  Z-henzoxazine-A-one. 

One  gram  was  dissolved  in  3  grams  of  pyridine  by  warming,  and 
the  solution  cooled  quickly  in  order  to  obtain  the  compound  in  a  fine 
state  of  division.  The  mixture  was  then  treated  with  0-5  gram  of 
sodium  hydroxide  in  100  c.c.  of  water,  and  the  temperature  was 
raised  to  100°.  An  intense  yellow  colour  developed  (due  to  the 
sodium  salt  of  T-benzoyl-5-chlorosalicylamide),  which  after  a  few 
minutes  disappeared.  The  colourless  solution  was  then  rapidly 
cooled,  diluted  to  300  c.c,  and  acidified.  The  precipitated  5-chloro- 
salicylamide  weighed  064  gram  (theory  requires  0-665),  and  the 
filtrate,  after  adding  salt  and  extracting  with  ether,  gave  045  gram 
of  benzoic  acid  melting,  after  recrystallisation,  at  119°  (theory 
requires  047).  The  5-chlorosalicylamide,  after  recrystallisation 
from  alcohol,  was  obtained  in  fine  needles,  melting  at  224 — 225° : 

0-4414,   by    Kjeldahl's    method,   required    254   c.c.  iV/10-HCl. 
N  =  805. 

0-2800  gave  02374  AgCl.     CI  =  2094. 

C7He02NCl  requires  N  =  8-16;  C1  =  20-7G  per  cent. 
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The  melting  point  was  not  depressed  when  mixed  with  the  product 
obtained  by  chlorinating  salicylamide  (p.  1375).  Further,  the 
position  (5)  of  the  chlorine  atom  was  confirmed  by  prolonged 
hydrolysis  at  100°  with  sodium  hydroxide,  the  5-chlorosalicylic  acid 
described  by  Hiibner  and  Brenken  {Ber.,  1873,  6,  1227)  being 
obtained. 

Reduction  of  G-Chloro-2-pheni/l-l :  Z-henzoxazineA-one. 

Owing  to  the  sparing  solubility  of  the  substance  in  alcohol  or 
ether,  the  method  of  reduction,  using  aluminium  amalgam  employed 
by  Titherley  (loc.  cit.)  for  the  parent  compound,  failed  in  spite  of 
numerous  trials.  The  following  method  gave  excellent  results. 
One  gram  of  the  substance,  dissolved  in  100  c.c.  of  pure  acetic  acid, 
was  treated  in  the  cold  with  15  grams  of  zinc  dust,  and  shaken 
for  an  hour.  After  filtering,  the  clear  solution  was  diluted  to 
500  c.c.  with  water,  when  6-chloro-2-phenyldihydro-l :  3-benzoxazine- 
4-one  separated  as  a  white  microcrystalline  precipitate.  It  was 
quite  pure,  and  melted  at  213 — 214°,  and  a  mixture  with  the 
synthetic  substance  (p.  1375)  melted  at  213 — 214°.  It  gave  benz- 
aldehyde  on  hydrolysis,  and  the  yield  was  0'7  gram: 

01176,    by    Kjeldahl's    method,    required    46     c.c.    iV^/10-HCI. 

N  =  5-47. 
0-1382  gave  0-0806  AgCl.     CI  =  14-4. 

CiiHif.OaNCl  requires  N  =  5-39;  01  =  13-69  per  cent. 

(2)  Synthetic  Preparation  of  Q-Chlo7'o-2-phenyl-l :  3-benzoxazine- 
A-one.— The  synthesis  was  effected  from  phenylbenzamidine  and 
phenyl  5-chlorosalicylate ;  the  latter  compound  described  by  Curatolo 
(Gazzetta,  1898,  28,  i,  154)  being  prepared  by  a  modified  method, 
using  chloroform  instead  of  alcohol  as  a  solvent. 

Seven  grams  of  phenyl  5-chlorosalicylate  and  5  grams  of  phenyl- 
benzamidine were  heated  together  at  110°  for  four  hours.  A  clear, 
yellow  oil  resulted,  which  eventually  solidified  to  a  large  extent, 
phenol  and  aniline  being  liberated  as  the  reaction  proceeded. 
After  cooling,  the  product  was  extracted  with  small  quantities  of 
benzene  to  remove  phenol  and  aniline,  together  with  a  bright  yellow 
substance,  which  appeared  to  be  5-chlorosalicylphenylbenzamidine, 
OH-CeHaCl-CO-NH-CPhlNPh,  but  was  not  isolated.  This  sub- 
stance is  evidently  the  first  condensation  product  in  the  reaction 
between  phenyl  5-chlorosalicylate  and  phenylbenzamidine  (compare 
Titherley,  this  vol.,  p.  204),  and  by  reversible  decomposition  with  loss 
of  aniline  yields  6-chloro-2-phenyl-l :  3-benzoxazine-4-one,  which,  on 
account  of  its  high  melting  point,  separates  out  as  the  solid  above 
mentioned.     The  solid,  after  washing  with  benzene,  became  white, 
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and  on  recrystallising,  first  from  hot  benzene  and  finally  from 
acetone,  the  compound  was  obtained  quite  pure  in  colourless  silky 
needles,  melting  at  215°.  It  was  identical  in  properties  with  the 
compound  prepared  by  chlorination   (p.  1376)  : 

0-3841,  by    Kjeldahl's     method,    required     150   c.c.    .V/lO-HCl. 

N  =  5-46. 
0-1688  gave  0-0946  AgCl.     Cl=  13-86. 

Cj^HgC^NCl  requires  N  =  5-43;  CI  =  13-78  per  cent. 

(3)  Preparation  of  6-ChIoro-2-phenyl-l :  Z-h enzoxazineA-one  from 
0-Benzoyl-b-chlorosalicylamide. — The  method  employed  was  similar 
to  that  adopted  by  Titherley  (this  vol.,  p.  208),  anisole  instead  of 
xylene  being  used  as  a  solvent.  One  gram  of  O-benzoyl-5-chloro- 
salicylamide  (see  below)  in  10  c.c.  of  anisole  was  treated  at  150°  in 
a  small  distilling  flask  with  a  slow  stream  of  dry  hydrogen  chloride 
for  three  minutes,  and  the  anisole  carrying  the  chemically-formed 
water  slowly  distilled  off.  A  yellow  syrup  remained,  which  solidified 
on  cooling.  By  extracting  with  boiling  benzene  from  a  small 
quantity  (009  gram)  of  insoluble  3'-benzoyl-5-chlorosalicylamide, 
a  filtrate  was  obtained  which,  on  cooling,  deposited  6-chloro- 
2-phenyl-l :  3-benzoxazine-4-one  in  a  nearly  pure  condition,  melting 
at  214°,  and  weighing  0-8  gram.  It  was  obtained  quite  pure 
(m.  p.  215°)  by  a  single  recrystallisation  from  acetone,  and  was 
found  to  be  identical  in  all  respects  with  the  product  obtained  by 
the  previous  methods : 

0-3660,   by    Kjeldahl's    method,    required    143    c.c.    i\710-HCl. 

N  =  5-45. 
0-3148  gave  0-1752  AgCl.     CI  =  13-76. 

ChHsO.NCI  requires  N  =  5-43;  Cl  =  13-78  per  cent. 

O-Benzoyl-h-chlorosalicylamide,    CJgHgCK^.-,    p^^^ 

A  solution  of  20  grams  of  5-chlorosalicylamide  in  40  grams  of 
pyridine  (dried  by  barium  oxide)  was  treated  with  20  grams  of 
benzoyl  chloride  with  continual  shaking.  The  temperature  was  kept 
at  — 15°  during  the  addition,  which  occupied  three  hours,  and  the 
resulting  bright  red  mixture  was  kept  at  — 15°  for  a  further  hour. 
It  was  then  shaken  with  100  c.c.  of  dry  ether,  the  ethereal  pyridine 
solution  decanted  off,  and  the  remaining  yellow  solid  mass  treated 
with  dilute  sulphuric  acid  at  0°.  The  insoluble  biscuit-coloured 
powder  which  remained,  consisting  of  the  crude  0-benzoyl  derivative, 
after  washing  with  water  arid  ether,  weighed  22  grams,  and  melted 
at  150°.  On  recrystallisation  from  toluene,  it  separated  in  fine 
colourless  needles,  melting  at  153° : 


1380  6-CHLORO-2-PHENYL-1  :  3-BENZOXAZ1NE-4-ONE. 

0-5902,  by    Kjeldahl's    method,    required    21-8    c.c.  iV^/10-HCl. 

N  =  5-16. 
0-3092  gave  0-1636  AgCl.     CI  =  13-08. 

C14H10O3NCI  requires  N  =  5-08;   01  =  12-88  per  cent. 

0-Benzoyl-b-chlorosalicyla7nide  is  sparingly  soluble  in  the  common 
organic  solvents  in  the  cold.  In  boiling  alcohol  it  dissolves,  but 
is  rapidly  rearranged  to  iV-benzoyl-5-chlorosalicylamide,  which 
separates  from  the  hot  liquid.  The  same  rearrangement  occurs  on 
boiling  with  water,  or  on  melting,  and  the  clear  liquid  obtained 
by  fusion  at  153°  sets  in  about  thirty  seconds  to  the  solid  iY-benzoyl 
derivative,  which  then  melts  at  about  235°. 

l^-Benzoyl-^-chlorosalicylamide,  CgHgCK^/^rr 

Two  grams  (accurately  weighed)  of  O-benzoyl-5-chlorosalicylamide 
were  dissolved  in  the  minimum  quantity  of  boiling  alcohol,  the 
solution  was  diluted  with  200  c.c.  of  water  at  80°,  and  the  tem- 
perature kept  at  the  boiling  point  for  a  few  minutes.  A  white, 
voluminous,  microcrystalline  precipitate  of  the  pure  iV-benzoyl 
derivative  was  obtained,  melting  sharply  at  238°,  and  weighing 
1-967  gram  (theory  requires  2  grams).  The  melting  point  was  not 
changed  by  recrystallisation  from  boiling  anisole: 

0-3720,   by    Kjeldahl's    method,   required     13-9    c.c.   i\'/10-HCl. 

N  =  5-23. 
0-2054  gave  0-1094  AgCl.     CI  =  13-1. 

C14HJ0O3NCI  requires  N  =  5-08;   CI  =  12-88  per  cent. 

The  identity  of  the  compound  with  the  product  of  hydrolytic 
rupture  of  the  unsaturated  cyclic  derivative  (p.  1377)  was  shown 
by  a  comparison  of  the  physical  and  chemical  properties,  and  a 
mixture  of  the  two  specimens  melted  at  237°. 

'^-Benzoyl-b-chlorosalicylamide  is  very  sparingly  soluble  in  all 
solvents,  cold  or  hot.  It  may  be  recrystallised  from  boiling  acetic 
acid  if  the  operation  is  rapidly  carried  out  to  avoid  rearrangement 
(see  below).  In  all  its  properties  it  is  very  similar  to  i\''-benzoyl- 
salicylamide,  and  like  it,  forms  intense  yellow  sparingly  soluble 
sodium  and  ammonium  salts,  from  which  in  aqueous  solution  acids 
precipitate  the  substance  in  colourless  gelatinous  form. 

With  alkali  at  100°  it  is  readily  hydrolysed,  yielding  benzoic 
acid  and  5-chlorosalicylamide  (m.  p.  224°). 

Tttarrangtmtnt.  - —  Like  i\'-benzoylsalicylamide,  the  5-chloro- 
derivative,  on  boiling  with  acetic  acid,  suffers  a  reversible  rearrange- 
ment to  the  0-benzoyl  isomeride.  One  gram  was  boiled  with  25 
grams  of  pure  acetic  acid  for  four  hours;  on  cooling,  0-2  gram  of 
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unchanged  T-benzoyl  derivative  separated  out,  and  on  diluting  the 
filtrate  with  water  07  gram  of  O-benzoyl-5-chlorosalicylamide  was 
obtained  (m.  p.  148°),  which,  after  recrystallisation  from  toluene, 
melted  at  151°.  Its  properties  were  identical  with  those  of  the 
synthetic  product  (p.  1379). 

OiiGANic  Laboratory, 

UxivER-siTY  Of  Liverpool. 


CXXYll.—TJie  Alkaloids  of  the  Puhatea. 

By  Bernard  Cracroft  Aston. 

The  Pukatea  (Laiirelia  Novae  Zealandiae),  one  of  the  most  charac- 
teristic trees  of  the  northern  part  of  New  Zealand,  belongs  to  the 
Monimiaceae — a  small  family,  most  largely  represented  in  the 
tropics.     The  genus  is  confined  to  South  America  and  New  Zealand. 

The  aromatic  nature  of  the  pukatea,  and  the  fact  that  decoctions 
of  the  bark  are  used  by  the  Maoris  for  alleviating  various  disorders, 
have  suggested  that  the  tree  contains  compounds  possibly  of 
medicinal  value  (see  Colenso,  Trans.  N .Z.  Inst.,  1868,  1,  51 ;  and 
Goldie,  ibid.,  1904,  38,  118). 

Attention  was  first  drawn  by  the  author  (X.  Z.  Beft.  of  Agri- 
culture, Annual  Report,  1901,  p.  284)  to  the  occurrence  of  alkaloids 
in  the  tree,  and  the  peculiar  property  possessed  by  the  bark  of 
causing,  when  chewed,  a  tingling  sensation  on  the  tongue  was 
traced  to  a  crystalline  alkaloid  of  definite  melting  point.  More 
recently  the  investigation  of  the  bark  has  been  continued.  The 
alkaloid,  for  which  the  name  pukateine  is  proposed,  melts  at  200°, 
and  has  the  composition  and  molecular  weight  corresponding  with 
the  formula  CiyHj-OgN.  In  the  mother  liquors  obtained  in  the 
extraction  of  pukateine,  two  other  alkaloids  are  present.  Neither 
of  these  bases  has  been  obtained  in  the  crystalline  state,  but  the 
salts  of  one,  for  which  the  name  laureline  (CigH-ijOgN)  is  proposed, 
crystallise  well.  The  third  alkaloid,  for  which  the  name  laurepukine 
is  suggested,  has  been  obtained  only  as  an  amorphous  powder. 

Experimental. 
Isolation  of  the  Alkaloids. 

Seventy-five  kilos  of  bark,  freshly  collected  in  the  month  of  July 
from  trees  in  the  Marlborough  Sounds,  were  finely  divided  and 
steeped  for  seven  days  in  alcohol  containing  0*5  per  cent,  of  acetic 
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acid.  The  alcohol  was  then  pressed  off,  and  this  treatment  of  the 
bark  was  repeated  three  times.  From  the  98  litres  of  extract  thus 
obtained,  the  alcohol  was  distilled,  and  the  remaining  acid  aqueous 
liquors  were  diluted  with  boiling  water  and  filtered.  The  acid  filtrate 
was  thoroughly  shaken  with  chloroform,  which  removed  two  feebly- 
basic  alkaloids.  One  of  these,  pukateine,  is  sparingly  soluble  in 
cold  alcohol,  and  wa-s  obtained  in  an  almost  pure  state  when  the 
residue  from  the  distillation  of  the  chloroform  was  stirred  with 
alcohol  and  kept  for  some  hours. 

The  second  alkaloid,  laureline,  remained  in  solution  as  acetate  in 
the  alcohol  from  which  the  pukateine  had  crystallised.  The 
amorphous  residue  left  on  evaporating  the  still  acid  alcohol  was 
boiled  with  dilute  sulphuric  acid,  and  the  hot  solution  filtered. 
The  sparingly  soluble  sulphate  of  laureline  crystallised  in  the  filtrate 
on  cooling  (pukateine  sulphate  is  easily  soluble  in  dilute  sulphuric 
acid). 

A  third  alkaloid  (laurepukine)  remained  in  the  acid  aqueous 
liquor  from  which  the  acetates  of  pukateine  and  laureline  had  been 
extracted  by  chloroform.  Sodium  hydroxide  precipitated  the  crude 
alkaloid  in  the  amorphous  condition. 

A  sample  of  the  crushed  bark  was  found  to  contain  0'7  per  cent, 
of  approximately  pure  pukateine — a  yield  not  realised  on  a  large 
scale,  as  only  64  grams  of  the  alkaloid  were  obtained  from  the 
75  kilos,  of  bark.  The  content  of  pukateine  appeared  to  vary  at 
different  times  of  the  year.  If  the  bark  was  allowed  to  remain  in 
a  dry  room  some  months  before  extraction,  the  yield  was  very  small. 

Pukateine. 

Pure  pukateine,  Cj^HjyOgN,  is  a  white,  crystalline  alkaloid,  melt- 
ing at  200°  (uncorr.),  insoluble  in  water,  sparingly  soluble  in  light 
petroleum,  more  readily  so  in  ether,  chloroform,  or  absolute  alcohol, 
and  very  soluble  in  pyridine.  The  freshly  precipitated  amorphous 
base  is  very  soluble  in  ether  or  chloroform.  Pukateine  is  precipitated 
from  its  solution  by  a  slight  excess  of  acetic  acid,  and  by  iodine 
in  potassium  iodide,  picric  acid,  auric  chloride,  platinic  chloride, 
bromine  water,  ammonia,  Mayer's  reagent,  disodium  hydrogen  phos- 
phate, and  phosphomolybdic  acid.  It  is  soluble  in  alkali  hydroxide 
solutions,  and  is  reprecipitated  on  passing  a  current  of  carbon 
dinxide  through  the  solution.  In  both  hydrochloric  acid  and  alkali 
solutions,  hydrolysis  of  pukateine  salts  has  been  observed,  the 
crystalline  base  being  precipitated  on  dilution  and  heating.  Five 
preparations  were  analysed : 
^     Eecrystallised  from  alcohol,  dried  at  100° ;  m.  p.  200° : 

0  0741  gave  C  1964  CO.  and  00411  HoO.     0  =  7227;  H  =  6-17. 


ASTON  :  THE   ALKALOIDS   OF  THE   PUKATEA.  1383 

2.  Recrystallised  from  alcohol;  m.  p.  200°: 

01259  gave  0-3319  COg  and  00676  HgO.     C  =  71-89;  H  =  5-97. 

3.  Precipitated  in  a   crystalline  state  by  addition   of  sodium  car- 

bonate to  the  solution  in  dilute  acetic  acid : 
00776  gave  0*20545  COg  and  0-0428  HoO.     C  =  72*19 ;  H  =  614. 

4.  Recrystallised  from  absolute  alcohol : 

0-2588  gave  lO'S  c.c.  N,  at  22°  and  764  mm.     N  =  4-80. 
5.0-2181     „       9-6  c.c.  N2  „  20°     „    769  mm.     N  =  5-09. 

C17H17O3N  requires  C  =  7208;  H  =  6-01;  N  =  4-95  per  cent. 

Molectdar-w eight  Determinations. 

0-1604,  in  7-12  of  phenol,  gave  A^=  -06°.       M.W.  =  277. 
0-656  in  16-5  „  „     A«=: -0-925°.  M.W.  =  317. 

C17HJ7O3N  requires  M.W.  =  283. 

Solubilities. 

100  parts  of  boiling  alcohol  dissolve  4 '17  parts  of  pukateine. 
100        „        alcohol  at  17-5°      ,,        1-10 

100        „         boiling  ether           ,,        0-84  ,,                ,, 

100        ,,         ether  at  17°            ,,        0-62  ,,                ,, 

Optical  Activity. — An  alcoholic  solution  containing  06  gram  in 
100  c.c.  gave  a  rotation  of  no  less  than  —2-64°  in  a  2-dcm.  tube, 
whence  a}^  -  220". 

Colour  Reactions. — If  a  solution  of  potassium  dichromate  in 
concentrated  sulphuric  acid,  prepared  as  for  the  strychnine  reaction, 
is  brought  into  contact  in  not  too  great  excess  with  a  few  crystals 
of  pukateine,  a  persistent  purple  coloration  is  produced.  If  excess 
of  the  reagent  is  applied,  a  green  colour  merely  results.  The  colour 
which  the  reagent  gives  with  strychnine  cannot  be  confused  with 
that  given  with  pukateine.  The  former  is  a  bright  violet,  quickly 
changing  to  purple,  and  finally  to  a  bright  red.  At  one  stage  the 
purple  colour  of  the  strychnine  reaction  closely  resembles  that  of 
pukateine,  but  the  ephemeral  nature  of  the  one  precludes  confusion 
with  the  other.  Concentrated  nitric  acid  dissolves  pukateine,  with 
the  formation  of  a  dark  red  colour  closely  resembling  that  given  by 
morphine. 

Concentrated  sulphuric  acid  alone  produces  a  dull  purple  colour 
with  pukateine  if  heat  is  gently  applied. 

If  one  drop  of  a  very  dilute  solution  of  potassium  nitrite  is  added 
to  a  solution  of  pukateine  in  slight  excess  of  sulphiiric  acid,  a  dark 
I  eddish-brown  or  green  solution  is  developed.  The  base  remains 
unchanged  in  dilute  sulphuric  acid  solutions. 

If  a  solution   of  pukateine  in  sodium   hydroxide  is  kept  in  an 
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open  test-tube  for  a  few  hours,  the  solution  becomes  green,  and 
on  acidifying  with  hydrochloric  acid  and  extracting  with  ether, 
a  purple,  ethereal  layer  results.  (The  experiment  was  repeated 
with  the  pvirest  pukateine,  recrystallised  from  sodium  hydroxide 
solution.)  The  amount  of  colouring  matter  formed  was  too  small  to 
examine. 

On  heating  small  quantities  of  pukateine  with  soda-lime  or  zinc 
dust,  no  odour  of  quinoline  or  pyridine  could  be  detected. 

No  methoxy-groups  could  be  detected  when  the  substance  was 
examined  by  Zeisel's  method. 

Nitric  acid  in  cold  glacial  acetic  acid  solution  gives  rise  to  a 
highly  acidic  nitro-derivative,  which  dissolves  in  alkalis,  yielding  an 
orange-red  solution. 

Concentrated  sulphuric  acid  dissolves  pukateine  slowly  when  they 
are  triturated  together  in  a  mortar,  and  on  diluting  the  syrupy 
solution  with  water  an  insoluble,  amorphous,  white  compound  con- 
taining nitrogen  is  formed. 

Hydrochloric  acid,  heated  with  one-fifth  of  its  weight  of 
pukateine  in  a  sealed  tube  at  110°,  completely  converts  the 
pukateine  into  a  glassy  mass,  insoluble  in  ordinary  solvents. 

With  water  in  a  sealed  tube  at  140°,  no  similar  effect  is  produced. 

Salts  of  Pukateine. 

(a)  Salts  with  Acids. — The  hydrochloride,  Ci7Hj703N,HCl,  is 
easily  prepared  by  dissolving  the  base  in  hot  concentrated  hydro- 
chloric acid,  and  rapidly  filtering.  On  cooling  the  filtrate,  a 
crystalline,  hydrochloride  separates  out.  This  is  collected  and  dried 
on  a  porous  plate.  The  anhydrous  salt  is  obtained  by  drying  at  a 
temperature  of  50°  to  60°  under  diminished  pressure : 

0-5751  neutralised  1802  c.c.  i\^/10-NaOH.     HC1  =  11-37. 

0-1842  „  5-80  c.c.  ^'/10-NaOH.     HCl  =  ll-50. 

0-1651  gave  0-075  AgCl.     01  =  11-22. 

Ci7Hi703N,HCl  requires  HCl  =  ll*42j  01=1111  per  cent. 

The  'platinichloride  was  prepared  by  the  addition  of  platinic 
chloride  to  the  solution  of  pukateine  hydrochloride  in  water.  It 
was  washed  with  hot  water,  and  dried  in  a  desiccator  under 
diminished  pressure: 

0-148  salt  gave  0-0298  Pt.     Pt  =  20-1. 

(Oi7Hj703N)2,H2PtOl6  requires   Pt  =  20-0   per  cent. 

(ft)  Salts  with  Metals:  Potassium  and  Sodium  Salts. — Pukateine 
dissolves  in  solutions  of  potassium  or  sodium  hydroxides,  but  if  the 
solution  is  diluted  and  boiled,  the  alkaloid  is  reprecipitated  in 
characteristic  prisms,  melting  at  200°.     The  addition  of  solid  alkali 
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hydroxide  to  the  hot  concentrated  solution  eventually  causes 
metallic  salts  to  be  precipitat-ed,  and  the  solution,  on  cooling,  sets  to 
a  magma  of  hair-like  crystals.  After  collection  on  an  asbestos  filter 
and  drying  on  a  porous  tile  over  sulphuric  acid,  the  crystals  gave 
analytical  results  agreeing  with  the  formula  C,7Hi6M03N  (M  =  Na 
or  K).  The  salts  blacken  "wdthout  melting  at  a  temperature  below 
-250°. 

For  analysis,  the  salts  were  dissolved  in  dilute  alcohol,  and 
titrated  with  phenolphthalein. 

Potassium  Salt. 

01994  neutralised  61  c.c.  iV710-HCl.     K  =  ll-9. 

C17HJ6O3NK  requires  K  =  1215  per  cent. 

Sodium  Salt. 

00919  neutralised  2-95  c.c.  iV710-HCl.     Na  =  7-4. 

0-1015  gave  0-0235  Na^SO^.     Na  =  7-48. 

Ci7Hjg03NNa  requires  Na  =  7-54  per  cent. 

Professor  John  Malcolm,  of  Dunedin,  is  investigating  the 
pharmacology  of  the  alkaloids  of  the  pukatea,  and  furnishes  the 
following  preliminary  note. 

"  Pukateine  itself  is  apparently  inactive,  due  probably  to  its 
insolubility.  The  hydrochloride  is  very  soluble,  and  shows  some  of 
the  typical  actions  of  the  alkaloids  in  general. 

"  Like  strychnine,  although  in  relatively  much  larger  doses  (0*25 
gram  per  kilo.),  it  has  a  convulsant  action  on  the  nerve  cells  of  the 
spinal  cord.  In  the  rabbit  the  convulsions  resemble  closely  those 
of  strychnine  poisoning,  but  in  the  frog  the  effect  of  the  drug  on 
the  peripheral  neuro-muscular  apparatus  modifies  the  result,  for, 
although  the  spasms  are  easily  set  up  and  begin  by  an  intense 
general  contraction  of  all  the  muscles  of  the  body,  relaxation  follows 
almost  immediately.  An  isolated  nerve  muscle  preparation  from 
such  a  frog  cannot  be  tetanised  by  a  succession  of  stimuli — the 
contraction  begins  well,  but  ceases  very  soon,  although  the  stimu- 
lation continues. 

"  This  is  probably  allied  to  the  general  action  of  alkaloids  in 
paralysing  the  motor  nerve  endings  in  muscle,  or  it  may  be 
regarded  as  a  fatigue  phenomenon. 

"  Apart  from  such  alkaloidal  effects,  pukateine  salts  have  not 
been  found  to  possess  any  marked  pharmacological  actions.  On 
intravenous  injection,  the  blood  pressure  falls  slightly,  the  heart 
beats  slowly  and  forcibly,  and  death  results  from  respiratory  failure, 
scmetimes  with  great  suddenness. 
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"  When  the  alkaloid  is  rubbed  on  the  tongue,  some  localised 
numbness  is  felt,  and  in  frogs  under  the  influence  of  the  drug  there 
may  be  no  reflex  response  from  some  areas  of  the  skin,  whilst  other 
areas  give  reflexes,  but  this  effect  appears  late,  and  is  probably 
due  to  an  action  on  the  nerve  cells  of  the  spinal  cord." 

Laureline. 

The  preparation  of  crude  laureline  sulphate  has  already  been 
described.  To  purify  it,  the  salt  was  dissolved  in  hot  water,  and 
potassium  chromate  solution  added.  On  cooling,  the  chromate  was 
precipitated  in  yellow,  amorphous  flocks.  The  chromate  was  dis- 
solved in  hot  sodium  hydroxide,  cooled,  acidified  with  hydrochloric 
acid,  and  the  base  precipitated  by  sodium  carbonate.  This  was 
dissolved  in  ether,  and  the  ether  evaporated.  Dilute  sulphuric  acid 
converted  the  syrupy  residue  from  the  ether  into  yellowish-white 
crystals,  which  slowly  become  pink.  The  sulphate  crystallises  well 
from  dilute  sulphuric  acid,  the  mother  liquor  turning  brown  on 
keeping.  The  sulphate  melts  and  decomposes  at  about  105°. 
Laureline  salts  give  the  usual  reactions  with  alkaloid  reagents,  and 
have  a  bitter  taste.     Four  preparations  were  analysed : 

Laureline  sulphate. — Containing  water  of  crystallisation : 

1.  The  substance' was  heated  to  90°  under  diminished  pressure. 

0-2455  lost  0-0362.     TL^O^UIL 

2.  0-0839  lost  0-0125.     H20  =  14-90. 

3.  0-3664     „     0-0554.     HaO^  15-12. 
(Ci9H2i03N)o,H2S04,7H20  requires  HgOr^  14-89  per  cent. 

1.  Dried  at  90°  under  diminished  pressure: 
0-2151  gave  6-4  c.c.  Ng  at  20°  and  760  mm.     N  =  3-4. 

2.  Regenerated  from  the  chromate  and  recrystallised  from  acidi- 
fied water ;  dried  at  90°  under  diminished  pressure : 

0-12  gave  0-2795  COg  and  0-067  HgO.     0  =  63-52;  H  =  6-22. 

3.  Recrystallised  from  acidified  water;  dried  at  90°  under 
diminished  pressure: 

0-1702  gave  0-3984  COg  and  0-1004  HgO.     0  =  63-84;  H  =  6-56. 
0-2127     „     0-07BaSO4.     8  =  4*52. 
^      4.  0-202       „     6-9  c.c.  Ng  at  17°  and  760  mm.     N  =  3-96. 
0-1418     „     0-0513  BaS04.     S  =  4-97. 
(Ci9H2i03N)2,H2S04  requires  0  =  63-33;  H  =  6-ll;  N  =  3-90; 
S  =  4-44  per   cent. 
Laureline  Hydrochloride. — This   salt  is  easily  prepared  by   dis- 
solving the  sulphate  in  boiling  water  and  adding  excess  of  hydro- 
chloric acid.     On  cooling,  the  hydrochloride  is  precipitated  in  fine 
crystals.     Two  preparations  were  analysed : 
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1.  Air-dried  on  porous  tile: 

0-4662  neutraHsed  5-44  c.c.  i\^/10-NaOH.     CI  =  10-39. 
0-2791  gave  0-1157  AgCl.     CI  =  10-24. 

2.  0-1019  gave  0-0426  AgCl.     CI  =  10-32. 

CigHgiOgNjHCl  requires  CI  =  10-21  per  cent. 

Laureline  Nitrate. 

0-099  gave  7-2  c.c.  N,  and  22°  and  744  mm.     N  =  8-03. 
Ci9H2i03N,HN03  requires  N  =  7-65  per  cent. 

Most  of  the  salts  of  laureline  are  very  soluble  in  boiling  water, 
but  sparingly  so  in  cold  wat^r.  Several  different  salts  may  there- 
fore be  made  with  the  same  material  without  much  loss.  On 
precipitating  the  sulphuric  acid  from  the  solution  of  the  sulphate 
with  barium  chloride  in  boiling  acid  solution,  laureline  hydro- 
chloride separates  from  the  filtrate  on  cooling.  Similarly,  on  pre- 
cipitating the  chloride  in  boiling  nitric  acid  solution  with  silver 
nitrate,  the  white,  crystalline  nitrate  is  precipitated  in  the  filtrate 
as  it  cools,  subsequently  becoming  of  a  brick-red  colour. 

Laurepukine. 

The  crude,  amorphous,  dark  brown  alkaloid,  the  preparation  of 
which  has  already  been  described,  wras  dissolved  in  dilute  acetic 
acid,  and  fractionally  precipitated  by  the  addition  of  sodium 
carbonate.  By  this  means  the  alkaloid  was  obtained  as  an  almost 
colourless  powder,  which  dissolved  readily  in  acids,  but  from  which 
no  crystalline  salts  were  obtained.  When  prepared  in  this  way,  the 
substance  is  a  yellowish-white  powder,  which  melts  indefinitely 
at  about  100°  to  a  resinous  mass.  Analyses  and  molecular-weight 
determinations  agree  approximately  with  the  formula  C16H19O3N  : 

Found,  C  =  70-3 ;  H  =  66 ;  N  =  49.     M.W.  =  315. 
C16H19O3N  requires  C  =  70-33;  H  =  6-9;   N  =  5-14   per  cent. 
M.W.  =  272. 

In  view  of  the  doubtful  purity  of  the  substance,  great  importance 
must  not  be  attached  to  these  figures.  Laurepukine  dissolves  in 
benzene,  and  the  solution,  on  keeping,  slowly  develops  a  purple 
colour. 

In  conclusion,  I  must  express  my  thanks  to  Professor  Easterfield 
for  the  interest  he  has  taken  in  this  research  (which  is  being 
continued),  and  for  having  defrayed  a  portion  of  the  cost  of  the 
investigation  from  a  grant  made  to  him  by  the  Royal  Society  of 
London  for  researches  on  the  poisonous  plants  of  New  Zealand. 

ViCTOBIA  COLLEOR, 

Wellington,  N.Z. 
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CXXVIII. — The  Action  of  Alkalis  on  Certain  Derivatives 

of  Coumarin. 

By  Arthuk   Clayton,  B.Sc,  A.R.C.S. 

The  two  most  important  reactions  between  alkalis  and  the  aromatic 
lactones  of  the  coumarin  series  are  the  formation  of  the  sodium 
salt  of  a  coumarinic  acid  simply  by  dissolving  the  coumarin  in 
aqueous  sodium  hydroxide,  and  the  production  of  the  corresponding 
o-coumaric  acid  by  the  prolonged  action  of  alcoholic  solutions  of 
the  alkali.  The  former  change  is  of  special  interest,  because  the 
constitution  of  coumarinic  acid  must  still  be  regarded  as  uncertain, 
and  because  it  has  not  yet  been  found  possible  to  isolate  the  acid 
from  its  salts.  The  only  derivative  of  coumarinic  acid  which 
has  heretofore  been  obtained  in  the  free  state  is  8-nitrocoumarinic 
acid,  obtained  by  dissolving  8-nitrocoumarin  in  aqueous  sodium 
hydroxide,  and  subsequently  acidifying  the  solution  at  a  low  tem- 
perature (Miller  and  Kinkelin,  Ber.,  1889,  22,  1706).  This  acid 
is  very  unstable,  being  resolved  into  8-nitrocoumarin  and  water 
when  warmed  with  alcohol  or  water. 

In  the  present  communication  an  account  is  given  of  a  general 
investigation  of  the  action  of  alkalis  on  substituted  coumarins,  and 
more  particularly  in  connexion  with  the  various  nitrocoumarins. 
In  order  to  obtain  nitrocoumarins  with  the  nitro-groups  in  different 
positions,  several  of  the  alkylated  coumarins  previously  prepared 
by  the  author  (Trans.,  1908,  93,  2016)  were  nitrated,  the  entrant 
groups  being  forced  into  desired  positions  by  the  alkyl  groups 
already  present.  In  addition  to  the  nitrocoumarins,  other 
coumarins  with  different  substituents  were  examined,  and  inci- 
dentally it  became  possible  to  trace  the  influence  of  alkyl  groups. 
The  orientation  of  many  of  the  compounds  obtained  during  the 
present  investigation  presented  considerable  difficulty,  owing  to 
the  paucity  of  knowledge  of  the  derivatives  of  the  homologues  of 
coumarin. 

The  N itro-derivatives  of  Coumarin. 

The  only  nitrocoumarins  described  in  the  literature  are  6-nitro- 
coumarin,  obtained  by  the  direct  nitration  of  coumarin  (Delalande, 
Annalen,  1843,  45,  337),  and  8-nitrocoumarin,  the  product  obtained 
by  heating  together  3-nitrosalicylaldehyde,  sodium  acetate,  and  acetic 
anhydride   (Miller  and   Kinkelin,   loc.    cit.). 

Since  8-nitrocoumarin  forms  an  unstable  coumarinic  acid  when 
its  alkaline  solution  is  cautiously  acidified,  and  this  formation 
appears  to  depend  on  the  presence  and  position  of  the  nitro-group, 
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it  appeared  probable  that  6 :  8-dinitrocoumarin  would  yield  a  more 
stable  coumarinic  acid  when  similarly  treated.  With  the  object 
of  preparing  this  acid  for  future  investigation,  coumarin  was 
treated  with  nitric  acid  under  various  conditions.  Coumarin  w^as 
found  to  resist  strongly  the  introduction  of  more  than  one  nitro- 
group  (p.  1397),  but  this  resistance  diminishes  very  appreciably  with 
the  addition  of  alkyl  groups  to  the  molecule.  A  dinitrocoumarin 
was  finally  obtained,  melting  at  180 — 181°. 

Orientation  of  the  Dinitrocoumarin  (m.  p.  180 — 181°)  obtained  by 
Nitrating  Coumarin. 

One  of  the  nitro-groups  was  known  to  occupy  position  6,*  as 
the  dinitrocoumarin  could  also  be  prepared  by  further  nitrating 
6-nitrocoumarin.  The  second  nitro-group  was  expected  to  enter 
position  8.  An  attempt  was  therefore  made  to  prepare  the  dinitro- 
coumarin by  nitrating  8-nitrocoumarin,  but  the  dinitrocoumarin 
obtained  by  this  operation  melted  at  159 — 160°.  The  compound 
melting  at  180 — 181°  was  therefore  oxidised  with  alkaline  potassium 
permanganate,  and  yielded  5-nitrosalicylic  acid.*  The  dinitration 
of  coumarin  therefore  furnishes  a  product  containing  one  nitro- 
group  in  position  6,  and  the  other  in  the  lactonic  ring.  The  exact 
position  of  the  lactonic  nitro-group  is  shown  by  the  action  of  sodium 
hydroxide  to  be  position  3  (see  below).  The  dinitrocoumarin 
(m.  p.  180 — 181°)  produced  by  the  direct  nitration  of  coumarin  is 
therefore  3  :  %-dinitrocoumarin  (formula  I)  : 

O  NO,  O 

^Y^co 

NO^'s^^^i-NO,  NO^ 

CH 
(I.) 

The  dinitrocoumarin  (m.  p.  159 — 160°)  produced  by  nitrating 
8-nitrocoumarin  is  shown  by  its  action  with  sodium  hydroxide 
(p.  1390)  not  to  contain  a  nitro-group  in  the  lactonic  ring,  and  since 
the  nitro-group  always  enters  position  6  if  this  be  open,  the 
compound  must  be  6 :  ^-dinitrocoumarin  (formula  II). 

*  The  method  of  numbering  the  positions  in  the  coumarin  and  salicylic  acid 
molecules  is  indicated  in  the  following  formulae  : 


.      0 

s 
1      |0H 

1 

»      CH 

o^/icCH 

6 
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The  Action  of  Alkalis  on  the  Dinitrocoumarins. 

6  :  di-Dijiitrocoufnarin. — This  compound  dissolves  in  weak  aqueous 
sodium  hydroxide  to  a  deep  orange-red  liquid,  which,  when  acidified 
with  cold  dilute  hydrochloric  acid,  furnishes  a  yellow  precipitate, 
melting  at  about  155°,  with  a  copious  evolution  of  vapour.  This 
substance  was  shown  to  be  different  from  6 :  8-dinitrocoumarin  by 
the  method  of  mixed  melting  points.  The  new  compound  was  also 
much  more  soluble  in  alcohol  and  water  than  6 :  8-dinitrocoumarin, 
but  was  rapidly  changed  into  the  latter  compound  when  heated 
with  either  of  these  solvents.  These  facts  indicate  that  the  new 
substance  is  6 :  ^-dinitroconmarivic  acid,  and  this  conclusion  is  con- 
firmed by  the  very  similar  properties  possessed  by  8-nitrocoumarinic 
acid  (Miller  and  Kinkelin,  loc.  cit.).  The  formula  of  the  new 
coumarinic  acid  is  therefore  III  or  IV,  according  as  to  whether  the 
hypothetical  coumarinic  acid  is  regarded  as  a  derivative  of  carbonic 
acid  or  a  cz's-isomeride  of  o-coumaric  acid : 

^^^\A>«  NO  I        1  CO,H- 

(III.)  (IV.) 

3 :  &-Dinitrocoumarin. — When  warmed  with  aqueous  sodium 
hydroxide,  or  preferably  concentrated  ammonia  solution,  3 :  6-di- 
nitrocoumarin  dissolves  to  a  deep  orange-red  liquid,  which,  on  sub- 
sequent acidification  with  hydrochloric  acid,  yields  5-nitrosalicyl- 
aldehyde.  This  remarkably  easy  rupture  of  the  lactonic  ring  was 
subsequently  found  to  be  a  property  conferred  on  all  coumarins  by 
the  presence  of  a  nitro-group  in  position   3. 

In  order  to  trace  the  course  of  the  above  reaction,  the  sodium 
salt    produced     by     dissolving     3 :  6-dinitrocoumarin     in     sodium 
O 


(jlJO 


ONa 


NO^l^^^i-NO^       ^^°^         N0,I^^CH:C{N0,)-C02Na  ^ 

CH 

(V.)  (VI.) 

AoNa  ^  /^OH  ^ 

NOgl     JCHICNa-NOg  NOgl      JCHICH-NOg 


(VII.)  (VIII.) 


NoJ     JCHO    +   CHa-NOg. 


OH 

l( 

(IX.) 
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hydroxide  was  isolated,  and  found  to  be  the  sodium  salt  of  5-nitro- 
salicylaldehyde.  No  other  intermediate  product  was  obtained,  but 
in  the  case  of  a  4-methyl  substituted  3 :  6-dinitrocoumarin,  the 
styrene  derivatives  corresponding  with  formulae  VII  and  VIII  were 
isolated  (see  p.  1392).  The  reaction  resulting  in  the  formation  of 
5-nitrosalicylaldehyde  is  thus  shown  to  follow  the  course  outlined 
by  formula  V— IX  (p.  1390). 

The  whole  of  the  degradation  takes  place  before  the  addition  of 
the  a-cid.  the  latter  merely  liberating  the  aldehyde  from  its  salt. 

It  is  worthy  of  note  that  when  benzaldehyde  and  nitromethane 
are  heated  together,  w-nitrostyrene  is  produced  (Priebs,  Annalen, 
18S4,  225,  321). 

The  Nitro-derivatives    of    1-Methylcoumarin  and 
4:  1-Dimethylcoumarin. 

The  nitro-derivatives  of  7-methylcoumarin  and  4 :  7-dimethyl- 
coumarin  and  the  dinitro-derivative  of  7-methylcoumarin  were 
prepared  similarly  to  the  corresponding  compounds  of  coumarin 
itself.  The  dinitration  of  4 :  7-dimethylcoumarin  proceeded  readily 
at  the  ordinary  temperature,  the  presence  of  a  methyl  group  in 
position  4  appearing  very  greatly  to  facilitate  the  entry  of  the 
second  nitro-group.  The  orientation  of  the  nitro-derivatives  of  this 
series  was  accomplished  in  the  manner  outlined  by  formulae 
X — XVII.  4-Nitro-p-xylenol  (X)  was  oxidised  by  alkaline 
potassium  permanganate  to  b-72itroA-meth>jU(tlicylic  acid  (XI). 
This  acid  was  then  produced  by  the  oxidation  of  each  of  the  four 
nitro-derivatives  under  examination.  The  nitro-derivatives  of 
7-methylcoumarin  and  4 :  7-dimethylcoumarin  are  thus  shown  to  be 
&-nitro-l -methyl coumarin  (XII)  and  6-nitro-4 :  7-dimethylcoumarin 
(XIV)  respectively.  The  corresponding  dinitro-derivatives  are  also 
shown  to  contain  a  nitro-group  in  position  6,  and  a  second  in  the 
lactonic  ring.  The  exact  position  of  the  second  nitro-group  is 
proved  by  the  action  of  sodium  hydroxide  (see  below). 

The  Action  of  Alkalis  on  the  Products  of  Nitration  of  7-Methyl- 
coutnarin  and  4 :  l-Dimethylcoumarin. 

6-Nltro-7-methylcoumarin  and  6-nitro-4 :  7-dimethylcoumarin  dis- 
solve in  aqueous  sodium  hydroxide,  the  former  more  readily  than 
the  latter,  forming  orange  solutions,  which,  however,  when  carefully 
acidified,  only  regenerate  the  original  nitro-compounds. 

The  dinitro-derivative  of  7-methylcoumarin  forms  with  aqueous 
sodium  hydroxide  an  orange-red  solution,  which,  when  acidified, 
yields  b-nitro-A-methyUalicylaldchyde   (XVI),  of   which  tho  oxime 
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and  plienylhydrazone  were  prepared.     The  aTjove  dinitro-derivative 
is  therefore  shown  to  be  3  :  &-dinitro-l-methylcoumarin  (XIII), 

The  dinitro-derivative  of  4 :  7-dimethylcouniarin  dissolves  in 
aqueous  sodium  hydroxide  to  an  orange  liquid,  which,  when  care- 
fully acidified,  yields  ui-b-dinitro-2-hydroxy-a-A-di7n.ethylstyrene 
(XVII).  The  parent  dinitro-derivative  is  thus  shown  to  be 
3  :  6-dinitro-4  :  1 -dimethylcoumarin  (XV)  : 

O 
Mer^\/^CO 


NO, 


OH 


I         'OR 
2\      /^"s 


-- > 


Me 
NOo 


OH 
COgH 


-^- 


-^ 


^~ 


Me 

NO 


(XL) 


2\/\^C!-N02 
CH 
(XIIL) 

JNaOH 


Me| 

CMe 

(XIV.) 


Me 
NO, 


Mei 
NO 


OH 
CHO 


^OH 
JOMelCH-NOo 


(XVL)  (XVII.) 

Before  the  above  orientations  had  been  worked  out,  the  con- 
stitution of  6-nitro-7-methylcoumarin  had  been  indicated  by 
nitrating  4-methylsalicylaldehyde  and  heating  the  resulting  3-nitro- 
^-methylsalicylaldehyde  (XVIII)  with  sodium  acetate  and  acetic 
anhydride,  thereby  obtaining  8-nitro-7-methylcoumarin  (XIX).  The 
latter  compound  was  then  shown  to  be  different  from  the  nitration 
product  of  7-methylcoumarin,  thus  indicating  this  nitration  product 
to  be  6-nitro-7-methylcoumarin : 


Mer 


NO2 

^^OH 
CHO 


NO2O 


(XVIU.) 


Mej^    Y    ^V^ 

CH 

(XIX.) 


The  Nitration  Products  of  6 :  1 -Dimethylcou/marin  and 
4:6:  1  -Trimethylcoumarin. 

6 :  7-Dimethylcoumarin  yields  mono,  di-,  and  tri-nitro-derivatives 
at  the  ordinary  temperature.  4:6:  7-Trimethylcoumarin  was 
nitrated  with  even  greater  ease,  an  extraordinary  readiness  to  form 
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the  trinitro-derivative  being  manifested.  So  great  was  this 
tendency  that  it  was  not  found  possible  to  prepare  the  dinitro- 
derivative.  From  these  and  the  foregoing  results  there  can  be  no 
doubt  that  the  difficulty  of  obtaining  the  higher  nitration  products 
of  coumarin  is  due  to  the  general  acidity  conferred  on  the  molecule 
by  the  lactonic  ring,  and  that  the  introduction  of  methyl  groups 
gradually  weakens  this  acidity  and  makes  the  molecule  more 
susceptible  to  the  action  of  nitric  acid.  A  methyl  group  in  the 
lactonic  ring  is  seen  to  be  specially  efficacious  in  this  respect. 

The  orientation  of  the  nitration  products  of  this  series  could  not 
be  effected  by  methods  of  oxidation.  The  following  process  was 
therefore  adopted  for  the  orientation  of  the  nitro-derivative  of 
6 :  7-dimethylcoumarin. 

Since  this  compound  does  not  behave  towards  sodium  hydroxide 
in  the  manner  characteristic  of  coumarins  with  a  nitro-group  in 
the  lactonic  ring,  the  nitro-group  must  occupy  position  5  or  8. 

o-4-Xylenol  was  submitted  to  the  Tiemann  reaction,  and  yielded 
a  product  which,  when  crystallised  from  light  petroleum,  separated 
into  long,  spiky  needles  and  pearly  flakes.  These  crystals  were 
separated  mechanically,  and  separately  recrystallised  from  light 
petroleum.  Both  compounds  melted  at  71 — 72°,  and  formed 
compounds  with  sodium  hydrogen  sulphite,  but  were  shown  to  be 
different  by  the  method  of  mixed  melting  points.  The  oxidation  of 
the  flaky  compound  by  fused  potassium  hydroxide  yielded  4  :  5-di- 
methylsalicylic  acid,  thus  proving  the  aldehyde  crystallising  in 
flakes  to  be  4 :  b-dimethylsalicylaldehyde  (XX).  The  latter  com- 
pound, on  nitration,  yields  Z-nitroA:  b-dimethylsalicylaldehyde 
(XXI),  which  was  converted  by  the  Perkin  reaction  into  8-nitro- 

NOg  NO2  O 

Me/\)H  Me/^OH  Me/^/^^CO 

Mel       'CHO  ~^  Me'        'CHO    ^  Me'       i        en 

Me/\0H  '  ^^ 

m!|         I  (XX.)  (XXI.)  (XXII.) 

\/  CHO  CHO  N0,0 


Mef    \0H  _^   Mef    ^OH  /    Y    ^CO 

Mel^         -^   Mei^NO,  "^   Mei^^^in 

Me    CH 
(XXIII.)*  (XXIV.)  (XXV.) 

•  In  order  to  complete  the  study  of  this  branch  of  the  coumarins,  the  second 
compound  (acicular  crystals)  obtained  fronjo-4-.xylenol  wa.s  first  shown  to  be  6  :  G-di- 
viethyliuilicylnldehydc  (XXIII)  by  preparing  its  sodium  hydro^'cn  sulphite  coniiiound, 
and  by  oxidlving  it  to  5  :  6-dimethj/lsalicylic  acid.  The  iildthyde  was  then  nitrated, 
yielding  S-nUro-5  :6-diviethyUalia/laldehydc  {XX1\),  \\\uch  vria  converted  by  the 
Perkin  reaction  into  8-nitro-4  :  i-dtmethykoumarin  (XXV). 
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6  :  1-dimethylco^imarin  (XXII).  The  latter  compound  proved  to  be 
different  from  the  substance  obtained  by  nitrating  6  :  7-dimethyl- 
coumarin,  therefore  this  nitration  product  must  be  ^-nitro-% :  7-di- 
metlhylcoumarin  (XXVI),  and  from  analogy  the  nitro-derivative  of 
4:6:  7-trimethylcoumarin  is  b-nitroA  :  6  :  l-trimeihylcoumar%n 
(XXVII). 

The  orientation  of  the  dinitro-derivative  of  6 :  7-dimethyl- 
coumarin  was  effected  by  oxidation  with  alkaline  potassium  per- 
manganate, this  operation  yielding  3  :  G-dinitro-A  :  b-dimethyl- 
salicylic  acid  (XXXI),  thus  showing  the  compound  under 
examination  to  be  5  :  8-dinitro-6 :  7 -dimethyl cotcmarin  (XXVIII). 

The  trinitro-derivatives  of  6  :  7-dimethylcoumarin  and  4:6:  7-tri- 
methylcoumarin must  contain  a  nitro-group  in  the  lactonic  ring, 
and  are  therefore  3:5:  8-trinitro-6  :  7-dimethylcoumarin  (XXIX) 
and  3:5:  S-trinitroA :  6 :  7-trimethylcoumarin  (XXX).  The  be- 
haviour of  these  compounds  towards  sodium  hydroxide  (see  below) 
confirms  this  view. 


T?ie     Action     of    Alkalis    on     the    Frodncts     of    Nitration    of 
6 :  7-Dimethylcoumarin  and  4:6:  7-Trimethylcoumarin. 

5-Nitro-6  :  7-dimethylcoumarin  and  5-nitro-4  :  6  :  7-trimethyl- 
coumarin dissolve  slightly  in  aqueous  sodium  hydroxide,  the  latter 
less  readily  than  the  former,  yielding  orange-yellow  solutions,  from 
which  acidification  regenerates  the  nitro-derivatives.  5  :  8-Dinitro- 
6  :  7-dimethylcoumarin  dissolves  readily  in  aqueous  sodium  hydroxide 
to  an  orange-red  solution,  which,  on  acidification  at  —5°,  yields  a- 
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compound  melting  at  about  168°  with  a  copious  evolution  of  vapour. 
On  recrystallising  this  compound  from  alcohol,  or  even  keeping  it 
in  the  dry  state  for  a  few  hours,  5  :  8-dinitro-6 :  7-dimethylcoumarin 
is  regenerated.  The  precipitate  obtained  as  above  is  probably  an 
extremely  unstable  coumarinic  acid. 

3:5:  8-Trinitro-6 :  7-dimethylcoumarin  dissolves  readily  in 
aqueous  sodium  hydroxide  to  an  orange-red  solution,  which,  when 
acidified,  yields  3 :  6-dinitro-4 :  5-dimethylsalicylaldehyde  (XXXII). 
The  course  of  the  reaction  is  therefore  strictly  analogous  with  that 
outlined  by  formulae  V — IX. 

3:5:  8-Trinitro-4  :  6  :  7-trimethylcoumarin  dissolves  in  aqueous 
sodium  hydroxide  to  an  orange-red  solution,  but  no  definite  com- 
pound was  isolated  from  the  sticky  material  produced  on  acidifica- 
tion. 

The    Nitro-derivatives    of  4:  6:  8-Triinethi/lcoumarin. 

4:6:  8-Trimethylcoumarin  yields  mono-,  di-,  and  tri-nitro- 
derivatives  at  the  ordinary  temperature.  The  orientation  of  these 
nitro-derivatives  could  not  be  carried  out  by  methods  of  oxidation. 
The  constitution  of  the  nitro-derivative  of  4:6:  8-trimethyl- 
coumarin  was  accomplished  in  the  manner  indicated  by  formulae 
XXXIII— XXXVI.  4  :  6-Dimethylresorcinol  (XXXIII)  was  con- 
densed with  ethyl  acetoacetate,  yielding  b-hydroxy-A  :  6  :  S-trimethyl- 
coumarin  (XXXIV).  The  latter  compound  was  then  prepared 
from  the  nitro-derivative  of  4 :  6  :  8-trimethylcoumarin  by  reducing 
it  to  the  corresponding  amine,  and  converting  this  compound 
through  its  diazonium  chloride  into  5-hydroxy-4 :  6 :  8-trimethyl- 
coumarin. The  nitro-derivative  of  4:6:  8-trimethylcoumarin  is 
therefore  b-riiiro-A :  6 :  8'trimethylcoiijnarin  (XXXVI),  and  its 
reduction  product,  d-aminoA  :  6  :  8-trimethylcoumarin  (XXXV)  : 


Me 

OH 
(XXXIII.) 


Me   0 


Me 


^CO 
CH 


NH2  CMe 
(XXXV.) 


Me   O 


^CO 

NOj  CMe 
(XXXVI.) 


Me  O 

NOj/N^^CO 

NOj  CMe 
(XXXVII.) 


Me   0 

OH   CMe 

(XXXIV.) 


^90 


Me  O 


NOj 

NO.,  CMe 
(XXXVIII.) 


The  dinitro  derivative  of  4  :  6 :  8-trimethylcoumarin  is  practically 
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unaffected  by  aqueous  sodium  hydroxide;  hence  it  does  not  contain 
a  nitro-group  in  the  lactonic  ring,  and  must  be  5 :  7-dinitro- 
4:6:  8-trimethylcoumarin  (XXXVI).  The  trinitro-derivative  can 
only  be  3 :  5:  l-trinitro-^:  6:  8-triniethylcoumarm  (XXXVIII). 

5-Mtro-4  :  6  :  8-trimethylcoumarin  and  5  :  7-dinitro-4  :  6  :  8-tri- 
methylcoumarin remain  practically  unattacked  when  boiled  with 
aqueous  sodium  hydroxide.  3:5:  7-Trinitro-4  :  6  :  8-trimethyl- 
coumarin dissolves  in  this  reagent  to  an  orange-red  liquid,  which, 
however,  yields  no  crystalline  product  on  acidification. 

The  Nitro-derivatives  of  l-Hydroxycoumarin  (JJmhelliferone). 

The  only  nitro-derivative  of  umbelliferone  mentioned  in  the 
literature  is  trinitroumbelliferone  (Posen,  Ber.,  1881,  14,  2747), 
which  does  not  appear  to  have  been  orientated,  but  which  is 
described  as  being  decomposed  by  sodium  hydroxide.  It  is  there- 
fore very  possibly  3:6:  8-trinitroumbelliferone.  The  author  of  the 
present  communication  prepared  nitro-  and  dinitro-umbelliferone, 
the  action  proceeding  at  the  ordinary  temperature.  From  analogy 
to  the  corresponding  nitro-derivatives  of  4-methylumbelliferone,  the 
compounds  in  question  are  8-nitroumbelliferone  (XXXIX)  and 
6  :  S-dinitroumb elliferone   (XLI)  : 

NOg  0  NO2  O  _  NO2  O 


OH/   Y   \C0   __^  OH/   Y    \C<gH         OH/    Y    ^CO 

CH  CH  CH 

(XXXIX.)  (XL.)  (XLL) 

Aqueous  sodium  hydroxide  dissolves  8-nitroumbelliferone  (yellow) 
to  a  red  liquid,  furnishing,  on  acidification,  a  scarlet  precipitate  of 
S-nitrocoumarinic  acid,  which,  if  the  carbonic  acid  formula  be 
adopted,  has  the  constitution  indicated  by  (XL).  This  coumarinic 
acid  is  the  most  stable  of  those  yet  discovered,  and  may  easily  be 
crystallised  from  dry  ether.  When  heated,  however,  it  slowly 
reverts  to  8-nitroumbelliferone. 

6 :  8-Dinitroumbellif erone  dissolves  easily  in  aqueous  sodium 
hydroxide,  but  is  regenerated  when  the  solution  is  acidified. 

Summary. 

1.  A  number  of  nitration  products  of  coumarin  and  its  homo- 
logues  have  been  prepared  and  orientated. 

2.  Position  3  in  the  lactonic  ring  has  been  shown  to  be  peculiarly 
susceptible  to  the  action  of  nitric  acid,  the  nitro-group  often  enter- 
ing this  position  when  other  positions  are  open  in  the  benzenoid 
ring. 
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3.  Nitrocoumarins  containing  a  nitro-group  in  position  8,  and 
unsubstituted  in  the  lactonic  ring,  show  a  tendency  to  form  free 
coumarinic  acids.  This  tendency  is  decreased  by  the  presence  of 
alkyl  groups  in  the  molecule. 

4.  Several  coumarinic  acids  have  been  prepared.  They  are  all 
more  or  less  unstable. 

5.  Coumarins  containing  a  nitro-group  in  position  3,  and  not 
substituted  in  position  4,  yield  aldehydes  when  treated  with  sodium 
hydroxide.  This  reaction  has  been  investigated  in  several  typical 
cases,  and  forms  a  new  method  for  preparing  aromatic  hydroxy- 
aldchydes. 

6.  Coumarins  containing  a  nitro-group  in  position  3,  and  an 
alkyl  group  in  position  4,  react  with  sodium  hydroxide  to  form 
the  corresponding  w-uitrostyrene. 

Experimental. 

I. — The   Xitration  of  Coumarin   and  its  Homologues. 

The  Nitro-derivatives  of  Coumarin. 

3:  6-/)?V?/<roro?/ff?r/r/».— 6-Nitrocoumarin  (4  grams)  was  dissolved 
in  concentrated  sulphuric  acid  (20  c.c),  and  treated  with  a 
nitrating  mixture  *  at  a  temperature  below  5°.  The  resulting 
liquid,  after  remaining  at  the  ordinary  temperature  for  one  hour, 
was  gradually  heated  to  100°,  and  maintained  at  this  temperature 
for  twenty  minutes.  The  cooled  solution  was  then  poured  on 
ice,  and  the  solid  which  separated  was  collected.  After  two  or 
three  crystallisations  from  glacial  acetic  acid,  yellow  needles  were 
obtained,  melting  at  180—181°: 

01227  gave  0-2063  CX)o  and  00203  HgO.     C  =  45-85;  H  =  l-84. 

01051     „  10-8  c.c.  No  at  19°  and  756  mm.     N  =  11-81. 
CgH^OcN,  requires  C  =  45-76;  H  =  l-69;  N  =  ll-86  per  cent. 

6:  S-Dinitroroumariii,  prepared  by  nitrating  8-nitrocoumarin  in 
the  foregoing  manner,  crystallised  from  glacial  acetic  acid  in  yellow 
needles,  melting  at  159 — 160°: 

0-0958  gave  0-1613  CO,  and  00173  R^O.     0  =  4593;  H  =  2-6l. 

01068     „  11-4  c.c.  Ng  at  21°  and  750  mm.     N  =  ll-99. 
C9HAN2  requires  C  =  45-76;  H  =  l-69;  N  =  ll-86  per  cent. 

The  yitro-derivatives  of  1-Mtthylcoumarin  and  4 :  1-Dimethyl- 

coumarin. 

6-Xitro-7-methylcoumarin. — 7-Methylcoumarin  (4  grams)  was  dis- 
solved in  concentrated  sulphuric  acid  (20  c.c),  and  treated  at  0° 

•  The   "nitrating  mixture"  used  throughout  these  exi)eriments  consisted  of  1 
volume  of  nitric  acid  (D  1*4)  and  3  volumes  of  concentrated  8uli»huric  acid. 
VOL.    XCVII.  4  z 
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with  the  nitrating  mixture  (8  c.c).  The  liqixid  was  kept  at  the 
ordinary  temperature  for  one  hour,  and  then  poured  on  ice,  when 
a  white  solid  separated,  which  crystallised  from  glacial  acetic  acid 
in  white  needles,  melting  at  223 — 224°: 

0-1939  gave  0-4143  COg  and  0-0625  U^O.     C  =  58-27;  H  =  3-58. 

0-2587     „  15-2  c.c.  N2  at  23°  and  748  mm.     N  =  6-52. 
C10H7O4N  requires  C  =  58-53;  H=:3-41;   N  =  6-83  per  cent. 

3 :  &-Dimtro-l -methylcoumarin.  —  6-Nitro-7-methylcoumarin  (3 
grams),  dissolved  in  concentrated  sulphuric  acid  (10  c.c),  was 
treated  at  0°  with  the  nitrating  mixture  (5  c.c).  The  solution  was 
kept  at  the  ordinary  temperature  for  one  hour,  and  then  gradually 
heated  to  100°,  at  which  temperature  it  was  maintained  for  twenty 
minutes.  The  cooled  liquid  was  poured  on  ice,  and  yielded  a 
product  which  crystallised  from  glacial  acetic  acid  in  yellow  needles, 
melting  at  164—165°: 

0-2316  gave  0-4097  OOg  and  0-0545  HoO.     0  =  48*24;  H  =  2-61. 

0-2093     „  21-4  cc  Ng  at  24°  and  753" mm.     N  =  11-35. 
CioHgOeNa  requires  C  =48-00;  H  =  2-40;  N  =  11-20  per  cent. 

%-Nitro-A. :  1  -dimethylcoumarin.  —  4:7-  Dimethylcoumarin  (4 
grams),  dissolved  in  concentrated  sulphuric  acid  (20  c.c),  was 
treated  at  0°  with  the  nitrating  mixture  (7-5  c.c).  After  remain- 
ing at  the  ordinary  temperature  for  one  hour,  the  liquid  was  poured 
on  ice,  when  a  white  solid  separated,  which  crystallised  from  glacial 
acetic  acid  in  colourless  needles,  melting  at  252 — 253° : 

0-1804  gave  0-4000  COg  and  0-0718  HgO.     C  =  60-48 ;  H  =  4-42. 

0-1944     „  10-4  cc.  N2  at  15°  and  773  mm.     N  =  6-37. 
CnH904N  requires  C  =  60-27;  H  =  4-ll;  N  =  6-39  per  cent. 

3  :  Q-BinitroA  :  1 -dimethylcoumarin. — 4  :  7-Dimethylcoumarin  (4 
grams)  was  dissolved  in  concentrated  sulphuric  acid  (20  cc),  and 
slowly  treated  at  0°  with  the  nitrating  mixture  (12  c.c).  The 
liquid  was  kept  overnight,  and  then  poured  on  ice;  the  white 
precipitate  crystallised  from  glacial  acetic  acid  in  colourless  needles, 
melting  and  decomposing  at  about  235° : 

0-1353  gave  0-2494  OOg  and  0-0400  H2O.     C  =  50-28;  H  =  3-28. 

0-2056     „  18-6  c.c.  Ng  at  20°  and  764  mm.     N  =  10*40. 
CnHgOoNg  requires  C  =  50-00;  H  =  3-03;  N  =  10-61  per  cent. 

The   Nitro-derivatives    of   6 :  7-Dimet?iylco7imarin  and   4:6:  1-Tri- 
m,  ethyl  CO  umarin . 

8-Nitro-6 :  7 -dimethylcoumarin.  —  6  :  7-Dimethylcoumarin  (34 
grams),  dissolved  in  concentrated  sulphuric  acid  (30  c.c),  was 
treated  at  0°  with  the  nitrating  mixture  (7-5  c.c),  and  the  resulting 
liquid  kept  at  the  ordinary  temperature  for  one  hour.     The  solution 
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was  then  poured  on  ice,  when  a  solid  was  obtained  which,  after 
crystallisation  from  glacial  acetic  acid,  formed  white  needles, 
melting  at  210—211°: 

01130  gave  0-2491  CO.  and  00457  HoO.     C  =  6012;  H  =  4-49. 

0-3000     „  16-9  c.c.  No" at  24°  and  747  mm.     N  =  6-21. 
C11H9O4N  requires  C  =  60-27;  H  =  4-ll;  N  =  6-39  per  cent. 

5  :  8-Dinitro-Q  :  1 -dimethylcoumarin. — 6  :  7-Dimethylcoumarin  (2-4 
grams)  was  dissolved  in  concentrated  sulphuric  acid  (25  c.c), 
treated  at  0°  with  the  nitrating  mixture  (S'S  c.c),  and  the  liquid 
kept  overnight  at  the  ordinary  temperature.  It  was  then  poured 
on  ice,  when  a  solid  was  obtained  which  crystallised  from  glacial 
acetic  acid  in  pale  yellow  needles,  melting  at  175 — 176°.  The 
yellow  colour  was  completely  removed  by  boiling  with  50  per  cent, 
acetic  acid  and  a  little  animal  charcoal.  The  substance  possesses 
a  peculiar  and  characteristic  odour : 

0-1347  gave  0-2457  CO.  and  00415  H^O.     C  =  49-74 ;  H  =  3-43. 

0-0945     „     9-1  c.c  N2  at  20°  and  764^ mm.     N  =  ll-07. 
CjiHsOgNo  requires  0  =  5000;  H  =  3-03;  N  =  10-61  per  cent. 

3:5:  8-Trin{tro-6:  1-dimethylcoumarin. — 6:  7-Dimethylcoumarin 
(5  grams)  was  dissolved  in  concentrated  sulphuric  acid  (40  c.c), 
and  treated  with  the  nitrating  mixture  (26  c.c.)  exactly  as  in  the 
preceding  experiment.  The  product  obtained  crystallised  from 
glacial  acetic  acid  in  yellow  prisms,  melting  and  decomposing  at 
213—216°: 

0-1658  gave  0-2607  00.,  and  00351  HoO.     0  =  42-88;  H  =  2-35. 

0-1542     „  191  cc  No'at  22°  and  749  mm.     N  =  13-82. 
OiiHyOgNg  requires  0  =  4272;  H  =  2-27;  N  =  13-59  per  cent. 

8-yitro-^  :  6  :  1  -trimethylcoumarin. — A  solution  of  4:6:  7-tri- 
methylcoumarin  (11  grams)  in  concentrated  sulphuric  acid  (110 
c.c.)  was  slowly  treated  at  0°  with  the  nitration  mixture  (20  c.c), 
and  then  kept  at  the  ordinary  temperature  for  thirty  minutes, 
after  which  the  liquid  was  poured  on  ice.  A  white  product  was 
precipitated,  which  crystallised  from  glacial  acetic  acid  in  colour- 
less needles,  melting  at  186 — 187°: 

0-2204  gave  0-4958  00,  and  0*0946  HoO.     0  =  61-36;  H  =  4-77. 

0-2784     „  14-8  cc.  No" at  22°  and  76rmm.     N  =  6-04. 
OigHjiO^N  requires  0  =  61-80;  H=4-72;  N  =  6-01  per  cent. 

3:5:  ^-Trinitro-A  :  6 :  1  -trimethylcoumarin.  —  A  solution  of 
4:6:  7-trimethylcoumarin  (2  grams)  in  concentrated  sulphuric 
acid  (10  c.c.)  was  treated  with  the  nitrating  mixture  (10  c.c.)  as 
in  the  preceding  experiment.  A  crystalline  mass  formed  in  the 
acid  solution.  After  precipitation  by  pouring  into  ice-water  and 
crystallisation  from  glacial  acetic  acid,  the  product  formed  beauti- 

4  z  2 
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fully  brilliant,  faintly  yellow  plates,  melting  and  decomposing  at 
about  226°.  Darkening  took  place  considerably  below  this  tem- 
perature : 

0-1285  gave  0-2116  CO2  and  0-0364  H2O.     C  =  44-89;  H  =  3-15. 
0-1723     „  20-0  c.c.  N2  at  22°  and  766  mm.     N  =  13-25. 
CjoHoOgNg  requires  C  =  44-58;  H  =  2-79j  N  =  13-00  per  cent. 

The   N itro-derivatives    of  4  :  6  :  ^-Trimethylcoumarin. 

h-NitroA  :  6  :  9)-trimethylcoumarin.  —  4:6:  8-Trimetliylcoumarin 
(7  grams)  was  dissolved  in  concentrated  sulphuric  acid  (35  c.c), 
and  treated  with  the  nitrating  .  mixture  (15-2  c.c.)  at  0°,  after 
which  the  liquid  was  kept  at  the  ordinary  temperature  for  thirty 
minutes  and  then  poured  on  ice.  The  product  separated  from  its 
solution  in  glacial  acetic  acid  in  white  needles,  melting  at  140 — 141°, 
and  having  a  peculiar  odour : 

0-1808  gave  0-4127  CO2  and  0-0802  H2O.     C  =  62-24;  H  =  4-95. 

0-1727     „     9-5  c.c.  N2  at  22°  and  766  mm.     N  =  6-28. 
C12H1JO4N  requires  0  =  61-80;  H-4-72;  N^OOl  per  cent. 

5:7-  Dinitro  -4:6:  S-trimethi/lcoumarin.  ■ —  4  :  6  :  8  -  Trimetnyl- 
coumarin  (5  grams)  was  dissolved  in  concentrated  sulphuric  acid, 
and  treated  at  0°  with  the  nitrating  mixture  (16  c.c).  The  liquid 
was  kept  for  three  hours,  and  then  poured  into  ice-water,  when  a 
product  was  obtained  which,  after  crystallisation  from  50  per  cent, 
acetic  acid,  formed  almost  white  needles,  melting  at  194°: 

0-1659  gave 0-3158  CO2  and  0-0607  HgO.     C  =  51-92;  H  =  4-06. 

0-1408     „  12-6  c.c.  N2  at  24°  and  768  mm.     N  =  10-l&. 
Cj2Hio'06N2  requires  C  =  51-79;  H  =  3-60;  N  =  10-07  per  cent. 

3:5:  1 -T rinitro-A  :  6  :  8-trimefhi/Ieoumiirin.  —  A  solution  of 
4:6:  8-trimethylcoumarin  (4  grams)  in  concentrated  sulphuric 
acid  (20  c.c.)  was  treated  at  0°  with  the  nitrating  mixture  (20  c.c), 
as  in  the  preceding  experiment.  The  product  crystallised  from 
glacial  acetic  acid  in  pale  yellow  needles,  melting  and  decomposing 
at  about  190°: 

0-2272  gave  0-3749  COg  and  0-0500  H2O.     C  =  45-00 ;  H  =  2-44. 

01632     „  18-9  cc  N,  at  22°  and  766  mm.     N  =  13-23. 
C12H9O8N3  requires  C  =  44-58;  H  =  2-79;  N  =  13-00  per  cent. 

1-Nitro-b  :  6  :  S-TrimethylcoumaHn.  —  5:6:  8-Trimethylcoumarin 
(15  grams)  was  dissolved  in  concentrated  sulphuric  acid  (8  c.c), 
and  treated  at  5°  with  the  nitrating  mixture  (3-6  c.c).  After  one 
hour  the  liquid  was  poured  on  ice,  when  a  solid  was  produced  which 
crystallised  from  glacial  acetic  acid  in  white  needles,  melting  at 
221°: 

0-1232  gave  02790  COg  and  00479  HgO.     0  =  6177;  H  =  4-32. 
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0-2071  gave  ll'S  c.c.  Ng  at  24°  and  773  mm.     N  =  6-33. 
CjaHijO^N  requires  C  =  61-80;  H  =  4-72;  N  =  6-01  per  cent. 

The  Nitro-derivatives  of  1  -Hydroxy coumarin  {Umhelliferone). 

8-Nitroumbelliferone. — A  solution  of  umhelliferone  (2-2  grams) 
in  concentrated  sulphuric  acid  (10  c.c.)  was  slowly  treated  at  0° 
with  the  nitrating  mixture  (4  c.c).  After  one  hour  the  liquid  was 
poured  into  ice-water,  when  a  solid  was  precipitated.  This  product 
was  extracted  twice  with  small  quantities  of  boiling  water,  and  the 
residue  crystallised  from  glacial  acetic  acid.  Golden-yellow  needles, 
melting  and  decomposing  at  about  245°,  were  obtained : 

0-1151  gaveO-2221  CO,  and  0-0256  H2O.     C  =  52-63;  H  =  2-47. 

0-1231     „     7-8  c.c.  Ng^at  24°  and  747  mm.     N  =  6-98. 

C9H5O5N  requires  0  =  5217;  H  =  2-41;  N  =  6-76  per  cent. 

6:  8-DinitroumbeIliferone. — Umhelliferone  (2  grams)  was  dis- 
solved in  concentrated  sulphuric  acid  (10  c.c),  treated  at  0°  with 
the  nitrating  mixture  (9  c.c),  and  then  warmed  gently  for  five 
minutes.  The  cooled  liquid  was  poured  on  ice,  when  a  solid 
was  obtained  which,  when  crystallised  from  alcohol,  formed  yellow 
needles,  sometimes  occurring  in  peculiar  serrated  tufts,  melting  at 
195—196°: 

01663  gave  0-2630  OOg  and  00283  HoO.     0  =  4313;  H  =  l-89. 

0-1250     „  12-3  c.c.  N2  at  20°  and  758"m.m     N  =  11-23. 
OgH^O^No  requires  0  =  4286;  H  =  l-59;  N  =  11-11   per  cent. 

II. — The    Operations   involved    by    the   Orientation   of   the   Nitro- 
derivatives  of  Coumarin  and  its  Homologues. 

The  Oxidation  of  3  :  6-Dinitrocoumarin. — 3  :  6-Dinitrocoumarin 
(1  gram)  was  dissolved  in  dilute  aqueous  sodium  hydroxide  with 
the  aid  of  heat,  and  the  resulting  orange-red  solution  treated  at 
0°  with  an  alkaline  solution  of  potassium  permanganate  (2-5  grams). 
After  thirty  minutes,  sulphurous  acid  was  added  until  the  liquid 
became  clear.  The  excess  of  sulphur  dioxide  was  removed  by 
boiling,  and  the  liquid  then  rendered  alkaline  with  potassium 
hydroxide.  After  filtration  from  the  precipitated  manganese 
hydroxide,  the  liquid  was  evaporated  to  a  small  bulk,  acidified  with 
sulphuric  acid,  and  extracted  with  ether.  The  ethereal  extract,  on 
evaporation,  yielded  a  solid  which,  when  crystallised  from  water, 
melted  at  228°,  and  did  not  depress  the  melting  point  of  5-nitro- 
salicylic  acid,  prepared  by  nitrating  salicylic  acid. 
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Preparation  of  ^-NitroA-methylsalicylic  Acid  from  Q-Nitro- 
2-hydroxy-T^-xylene. 

A  solution  of  6-nitro-2-hydroxy-2>-xylene  (1  gram)  in  dilute 
potassium  hydroxide  was  treated  at  0°  with  an  alkaline  solution  of 
potassium  permanganate  (4 '5  grams),  and  the  solution  then  heated 
to  boiling.  Sulphurous  acid  was  added  to  the  liquid  until  a  clear 
solution  was  produced,  and  the  manganese  salt  then  precipitated 
with  a  slight  excess  of  potassium  hydroxide.  After  evaporating  the 
liquid  to  a  small  bulk,  sulphuric  acid  was  added  in  slight  excess, 
when  a  small  quantity  of  solid  separated,  which,  after  crystallisation 
from  water,  formed  white  needles,  melting  at  212 — 213°.  The  yield 
was  very  poor : 

0-1290  gave  0-2328  COg  and  0-0452  HgO.     0  =  49-22;  H  =  3-89. 

0-2182     „  13-4  c.c.  N2  at  21°  and  762  mm.     N  =  7-01. 

CgHAN  requires  0  =  4873;  H  =  3-55;  N  =  7-ll  per  cent. 

Preparation  of  B-NitroA-methyhalicylic  Acid  from  6-Nitro-7-met7iyl- 
coumarin,  3  :  &-Dinitro-l -methylcoumarin,  6-Nitro-4: :  1  -dimethyl- 
coumarin,  and  3  :  6-Dinitro-4: :  1  -dimethyl coumarin. 

The  oxidation  of  each  of  the  above  compounds  was  carried  out  in 
the  same  manner.  One  gram  of  the  substance  was  dissolved  in  dilute 
potassium  hydroxide,  the  liquid  being  boiled  when  necessary.  The 
resulting  solution  was  treated  at  0°  with  the  calculated  quantity  of 
potassium  permanganate  in  alkaline  solution,  and  the  liquid  heated 
to  boiling,  sulphurous  acid  being  then  added  until  a  clear  solution 
was  obtained,  after  which  the  manganese  salt  was  precipitated  with 
a  slight  excess  of  potassium  hydroxide.  The  filtered  solution  was 
then  evaporated  to  a  small  bulk,  and  acidified  with  sulphuric  acid, 
when  fine  white  needles  were  obtained,  which,  after  crystallisation 
from  water,  melted  at  212 — 213°.  The  product  was  in  each  case 
shown  to  be  identical  with  the  5-nitro-4-methylsalicylic  acid  prepared 
in  the  preceding  experiment,  by  the  method  of  mixed  melting 
points.  The  yield  was  best  when  the  nitro-derivatives  of  7-methyl- 
coumarin  were  employed. 

Preparation   of    3:  6-Dinitro-A :  b-dimethylsalicylic   Acid   from 
5  :  8-Dinitro-6  :  1 -dvmethylcoumarin. 

A  solution  of  5 :  8-dinitro-6 :  7-dimethylcoumarin  (1  gram)  in 
dilute  potassium  hydroxide  was  treated  at  0°  with  an  alkaline 
solution  of  potassium  hydroxide  (2"5  grams).  Sulphurous  acid  was 
then  added  until  the  liquid  became  clear,   when  from   the  cooled 
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liquid  a  plentiful  supply  of  white  needles  was  obtained,  which,  when 
crystallised  from  water,  melted  and  decomposed  at  about  245° : 

0-1166  gave  0-1744  COg  and  0-0360  HgO.     C  =  40-79;  H  =  3-58. 
0-0941     „     8-7  c.c.  N2  at  20°  and  767^ mm.     N  =  10-67. 
C9H80;No,|H20  requires  0  =  4075;  H  =  3-40;  N  =  10-57  per  cent. 

Preparation  of  b-HydroocyA:  6:  8-trimethyIcoumarin  from 
5-Nifro-A  :  6  :  B-trimethylcoum<irin. 

5-Amino-A:  6:  8-irimethylcoumarin.  —  5-Nitro-4  :  6:  8-trimethyl- 
coumarin  (5  grams)  was  mixed  with  dilute  acetic  acid  (100  c.c), 
and  treated  gradually  with  iron  filings  (5  grams).  After  boiling 
for  one  hour,  the  liquid  was  cooled,  and  the  solid  which  separated 
was  collected.  Repeated  extraction  of  the  residue  with  alcohol 
yielded  an  abundant  crop  of  yellow  needles,  melting  at  212°: 

0-1048 gave 0-2726  CO.^  and  0-0594  HoO.     C  =  7093 ;  H  =  6*30. 
0-1794     „  10-4  c.c.  No  at  19°  and  750"  mm.     N  =  6-58. 
CioHjsOoN  requires  C  =  70-94 ;  H  =  6-40;  N  =  6-90  per  cent. 

5-HydroxyA  :  6  :  8-trimethylcoumarin.  —  5  -  Amino  -  4  :  6  :  8  -  tri- 
methylcoumarin  (1-3  grams)  was  warmed  with  concentrated  hydro- 
chloric acid  (6  c.c),  a  white  hydrochloride  being  formed,  which,  on 
the  addition  of  water  (50  c.c),  underwent  hydrolysis,  and  yielded 
the  yellow  amine  in  a  finely  divided  condition.  A  solution  of 
sodium  nitrite  (05  gram)  was  added  to  the  cooled  liquid,  which  was 
then  slowly  heated.  The  liquid  gradually  became  clear,  and  then 
effervesced  and  deposited  a  white  product.  After  boiling  for  ten 
minutes,  the  solid  was  collected  and  crystallised  from  alcohol,  when 
it  formed  small,  whit«,  ill-defined  crystals,  melting  at  246° : 

'  01027  gave  0-2654  CO2  and  0-0570  H.2O.     C  =  70-46;  H  =  6-16. 
C12H12O3  requires  0  =  7059;  H  =  5-88  per  cent. 

rrejjaration    of    ^-KydroxyA :  6 :  8-trimethylcoumarin   from 
2 :  i-Diniethylresorcinol. 

2 :  4-Dimethylresorcinol  (06  gram)  was  mixed  with  ethyl  aceto- 
acetate  (0-5  gram),  and  concentrated  sulphuric  acid  (2  c.c.)  then 
added,  the  temperature  being  below  20°.  After  twenty  hours  the 
liquid  was  poured  into  ice-water,  when  a  white  solid  was  obtained, 
which,  after  crystallisation  from  alcohol,  melted  at  246°,  and  was 
shown,  by  the  method  of  mixed  melting  points,  to  be  identical  with 
the  product  obtained  in  the  preceding  experiment. 
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Synthesis  of  S-Nitro-B  :  7-dimetIii/lcoiimarin  and  8-Nitro-5  :  6-di- 
methylcoumarin. 

4  :  B-Dimethylsalicylaldehyde  and  5  :  6-DimethylsaUcylaldehyde. — 
o-4-Xylenol  (20  grams)  was  dissolved  in  a  solution  of  sodium 
hydroxide  (44  grams)  in  water  (130  c.c),  and  the  resulting  liquid 
heated  to  60°  under  reflux.  Chloroform  (35  grams)  was  added  in 
small  quantities,  and  the  solution  heated  to  boiling  for  three  hours, 
after  which  the  liquid  was  acidified  with  sulphuric  acid  and  distilled 
in  a  current  of  steam.  The  distillate,  which  contained  a  heavy  oil, 
was  extracted  twice  with  ether,  and  the  ethereal  solution  shaken  for 
some  time  with  aqueous  sodium  hydrogen  sulphite,  when  white, 
flaky  crystals  were  produced,  which  were  collected,  washed  with 
ether,  and  decomposed  by  warming  with  dilute  sulphuric  acid.  The 
acid  solution  was  extracted  with  ether,  and  the  extract  evaporated 
to  dryness,  a  white,  crystalline  mass  being  thus  obtained.  This 
product  was  dissolved  in  petroleum  (b.  p.  40 — 60°),  and  the  solution 
left  to  crystallise,  when  two  kinds  of  crystals  were  apparent, 
namely,  yellow,  spiky  needles,  and  pink,  flaky  clusters.  The 
crystals  were  separated  mechanically,  and  separately  crystallised 
several  times  from  light  petroleum,  when  white,  pearly  plates  of 
4 :  5-dimethylsalicylaldehyde,  melting  at  71°,  and  almost  white, 
spiky  needles  of  5  :  6-dimethylsalicylardehyde,  melting  at  72°,  were 
obtained. 

4  :  b-Dimethylsalicylaldehyde. 

0-1111  gave  0-2927  COg  and  0-0705  HoO.     C  =  71-84;  H  =  7-03. 

5  :  6-Dimethylsalicylaldehyde. 

0-1030  gave  0-2711  COg  and  0-0641  HgO.     0  =  7178;  H  =  6-9I. 
CgHjoOg  requires  C  =  72-00;  H  =  6-67  per  cent. 

Oxidation  of  4 :  ^-Dimethylsalicylaldehyde. — About  equal  parts 
of  sodium  hydroxide  and  potassium  hydroxide  were  heated  together 
with  a  little  water  in  a  nickel  crucible  to  lSO°,  and  4 :  5-dimethyl- 
salicylaldehyde was  shaken  in  little  at  a  time,  hydrogen  escaping 
after  each  addition.  The  fusion  was  cooled,  dissolved  in  water,  the 
solution  filtered,  acidified  with  dilute  sulphuric  acid,  and  finally 
extracted  with  ether.  On  evaporation,  the  extract  yielded  a  white 
solid,  which,  after  crystallisation  from  very  dilute  alcohol,  formed 
warty  masses,  which  softened  at  180°,  and  melted  at  195 — 199°. 
This  product  was  shown  to  be  identical  with  4  :  5-dimethylsalicylic 
acid  obtained  by  oxidising  i/'-cumenol  by  the  method  of  mixed 
melting  points. 

Oxidation  of  5 :  6-Dimethylsalicylaldehyde. — This  operation,  car- 
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ried  out  as  in  the  preceding  experiment,  yielded  5 :  %-dimethyl- 
saUcylic  acid,  which  crystallised  from  dilute  alcohol  in  white  needles, 
melting  at  142—143° : 

01068  gave  0'2o36  COg  and  00568  HgO.    C  =  64-75;  H  =  5-92. 
C9H10O3  requires  C  =  65-06;  H  =  6-02  per  cent. 

Z-NHroA  :  b-dimetkyhalicylaldehyde. — A  solution  of  4  :  5-di- 
methylsalicylaldehyde  (1  gram)  in  glacial  acetic  acid  (10  c.c.)  was 
treated  with  nitric  acid  (05  c.c.)  (D  1'4)  below  20°.  After  one 
hour  the  solution  was  poured  into  ice-water,  when  a  solid  was 
obtained  which  crystallised  from  alcohol  in  white  needles,  melting 
at   146—147°: 

01674  gave  ll'O  c.c.  No  at  23°  and  764  mm.     N  =  7-45. 
C9H9O4N  requires  N  =  7'18  per  cent. 

Z-Nitro-b :  ^-dimethylsalicylald ehyde  was  obtained  by  nitrating 
5  :  6-dimethylsalicylaldehyde  in  the  manner  described  in  the  pre- 
ceding experiment.  The  product  was  readily  soluble  in  alcohol,  and 
crystallised  from  this  solvent  in  deep  yellow  needles,  melting  at 
86—87° : 

0-1387  gave  9-0  c.c.  Nj  at  21°  and  763  mm.     N  =  7-42. 
C9H9O4N  requires  N  =  718  per  cent. 

?)  -Nitro-%:  1-dimethylcoumarin.  —  3-Nitro-4  :  5-dimethylsalicyl- 
aldehyde  (1  gram),  anhydrous  sodium  acetate  (1  gram),  and  acetic 
anhydride  (15  grams)  were  heated  together  for  three  hours  to 
160 — 170°.  The  cooled  product  was  extracted  from  50  per  ceat. 
acetic  acid,  from  which  solvent  almost  white  needles,  melting  at 
190—194°,  were  obtained: 

0-0914  gave  5-1  c.c.  Ng  at  15°  and  760  mm.     N  =  6-53. 
C11H9O4N  requires  N  =  6-39  per  cent. 

d)-Nitro-o  :  G-dimetkylcoumarin  was  prepared  from  3-nitro-5 :  6-di- 
methylsalicylaldehyde in  the  manner  described  in  the  preceding 
experiment.  Almost  white  needles,  melting  at  191 — 192°,  were 
obtained : 

01245  gave  71  c.c.  Ng  at  20°  and  767  mm.     N  =  6-58. 
C11H9O4N  requires  N  =  6-39  per  cent. 

Synthesis  of  S-Nitro-l-methylcoumarin. 

3  -  Nitro-l-methyhalicylaldehyde.  —  4  -  Methylsalicylaldehyde  (2 
grams)  was  dissolved  in  glacial  acetic  acid  (20  c.c),  and  treated 
with  nitric  acid  (07  c.c.)  (D  15)  below  20°.  After  twenty  minutes 
the  liquid  was  slowly  heated  to  45°,  and  then  poured  into  ice-water. 
The  precipitated  solid,  when  crystallised  from  alcohol,  formed  yellow 
needles,  melting  at  126 — 127°; 
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0-1176  gave  8-4  c.c.  No  at  22°  and  766  mm.     N  =  8-16. 
CgH704N  requires  N  =  7*73  per  cent. 

%-Nitro-l-methylcoumarin  was  prepared  from  3-nitro-4-methyl- 
salicylaldehyde  in  exactly  the  same  manner  as  8-nitro-6  :  7-dimethyl- 
coumarin  was  obtained  from  3-nitro-4 :  5-dimethylsalicylaldeliyde 
(see  above).  The  product  separated  from  its  solution  in  acetic  acid 
in  white  needles,  melting  at  165 — 166°: 

01080  gave  6-8  c.c.  Ng  at  25°  and  768  mm.     N  =  7-10. 
C10H7O4N  requires  N  =  6'83  per  cent. 

III. — The  Products  of  the  Action  of  Alkalis  on  the  Nitro- 
suhstituted  Coumarins. 

Frcparation  of  ^-Nitrosalicylaldehyde  from  3  :  6-Dinitrocoumarin. 
— 3 :  6-Dinitrocoumarin  (5  grams)  was  dissolved  in  concentrated 
ammonia  (100  c.c),  and  the  liquid  boiled  to  expel  excess  of 
ammonia.  The  orange-red  solution  was  cooled  to  0°,  and  slowly 
treated  with  dilute  hydrochloric  acid  until  precipitation  was  com- 
plete. The  solid  product,  after  crystallisation  from  alcohol,  melted 
at  126°,  and  was  shown  by  the  method  of  mixed  melting  points  to 
be  identical  with  the  5-nitrosalicylaldehyde  obtained  by  nitrating 
salicylaldehyde. 

The  sodium  salt  was  obtained  by  dissolving  3 :  6-dinitrocoumarin 
in  the  least  possible  quantity  of  aqueous  15  per  cent,  sodium 
hydroxide,  and  then  cooling  the  solution.  Yellow  needles  were 
obtained : 

0-2987  gave  O'lllO  Na2S04.     Na  =  12-03. 

CyH^O^NNa  requires  N"a  =  12-17  per  cent. 

Preparation  of  b-Nitro-4:-methylsalicylaldehyde  from  3 :  6-DinitrO' 
7-methylcoumarin. — 3 :  6-Dinitro-7-methylcoumarin  was  dissolved  in 
concentrated  ammonia  with  the  aid  of  heat,  and  the  resulting 
orange-red  solution  acidified  with  hydrochloric  acid,  as  in  the  pre- 
ceding experiment.  The  product  separated  from  its  alcoholic  solu- 
tion in  yellow  needles,  melting  at  144 — 145° : 

0-1051  gave  0-2030  COo  and  0-0400  H2O.     C  =  52-67;  H  =  4-22. 
0-1032     „     7-4  c.c.  Ngat  22°  and  749  mm.     N  =  8-00. 

CgHyO^N  requires* C  =  53-04;  H  =  3-87;  ^  =  7-73  per  cent. 

The  oxime,  prepared  in  the  usual  way,  crystallised  from  alcohol  in 
yellow  needles,  melting,  sometimes  with  decomposition,  at 
207—208° : 

0-1223  gave  152  c.c.  N,  at  19°  and  760  mm.     N  =  14-29. 
CJJH8O4N2  requires  N^  14-29  per  cent. 
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The  phenylhydrazone  crystallised  from  dilute  acetic  acid  in 
yellowish-brown  needles,  melting  at  201 — 202° : 

0-1024  gave  13-5  c.c.  Ng  at  15°  and  760  mm.     N  =  15-43. 
C14H13O3N3  requires  N  =  15-50  per  cent. 

Prej.aration  of  3 :  G-Dinitro-A :  b-dimethylsalicylaldehyde  from 
3:5:  8-Trmitro-6:  1-dimethylcoumarin.  —  3:5:  8-Trinitro-6 :  7-di- 
methylcoumarin  (2  grams)  was  heated  with  concentrated  ammonia 
(80  c.c.)  until  solution  took  place.  The  cooled  orange  liquid  was 
carefully  acidified  with  dilute  hydrochloric  acid,  when  a  solid  was 
obtained  which,  after  crystallisation  from  alcohol,  formed  yellow 
needles,  melting  at  147 — 148° : 

0-1217  gave  0-2022  CO2  and  00390  HoO.     C  =  45-31;  H  =  3-56. 

0-1069     „  11-4  c.c.  N2  at  20°  and  742" mm.     N  =  11-90. 
CgHsOgN,  requires  6  =  45-00;  H  =  3-33;  N  =  ll-67  per  cent. 

Preparation  of  ui-b-Dinitro-2-hydroxy-a-A-dimethylstyrene  from 
3  :  G-Dinifro-A  :  7-dimethylcoumarin. — Finely  powdered  3  :  6-dinitro- 
4 :  7-dimethylcoumarin  (1  gram)  and  a  15  per  cent,  solution  of 
sodium  hydroxide  (30  c.c.)  were  boiled  together  for  two  minutes, 
and  then  filtered  from  a  small  quantity  of  undissolved  solid.  The 
filtrate  was  carefully  acidified  below  0°  with  dilute  hydrochloric 
acid,  when  a  solid  was  obtained  which  was  dried  at  the  ordinary 
temperature  and  then  extracted  with  benzene.  The  extract  de- 
posited a  yellowish-brown,  crystalline  powder,  which  melted  at 
120 — 121°,  and  was  decomposed  by  heating  with  alcohol  or  water: 

0-1452  gave  0-2690  CO.,  and  00554  HoO.     C  =  50-52;  H  =  4-24. 

01475     „  15-3  c.c.  X2  at  18°  and  752  mm.     N  =  11*86. 

C10H10O5N2  requires  C  =  50-42;  H=4-20;  N  =  ll-76  per  cent. 

The  sodium  salt  was  prepared  by  dissolving  3 :  6-dinitro-4 :  7-di- 
methylcoumarin in  the  smallest  possible  quantity  of  15  per  cent, 
aqueous  sodium  hydroxide,  the  liquid  being  boiled  for  not  longer 
than  two  minutes.  The  hot  solution  was  filtered  through  glass  wool 
and  cooled  to  0°,  when  a  small  quantity  of  yellow  needles  was 
deposited,  which  were  washed  on  a  filter  with  absolute  alcohol. 
The  salt  is  very  soluble  in  water,  and  deflagrates  violently  when 
heated : 

0-3129  gave  01543  Na,S04.     Na=15-95. 

CjoHgOgNgNa^  requires  Na=16-31  per  cent. 

Preparation  of  6:  S-Dinitrocoitmarinic  Acid  from  6:  B-Dinitro- 
coiimarin. — 6 :  8-Dinitrocoumarin  was  dissolved  in  15  per  cent, 
sodium  hydroxide  with  the  aid  of  heat.  The  clear  red  liquid  was 
cooled  to  0°,  and  carefully  acidified  with  dilute  hydrochloric  acid. 
The  yellow  precipitate  was  collected  and  dried  at  the  ordinary 
temperature,  when  it  melted  at  about  153°  with  a  copious  evolution 
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of  vapour.  Yellow  needles  -were  obtained  from  a  solution  in  etEer, 
but  the  substance  is  rapidly  converted  into  6 :  8-dinitrocoumarin 
when  its  solution  in  water  or  alcohol  is  heated : 

0-1562  gave  0-24i0  COg  and  0-0372  H.p.     C  =  42-08;  H  =  2-64. 

0-1003     „  10-0  c.c.  Ngat  19°  and  760  mm.     N  =  11-46. 
CgHgOvNa  requires  6  =  42-52;  H  =  2-36;  N  =  11-02  per  cent. 

Preparation  of  %-Nitro-1-hydioxycoumarinic  Acid  from  8-Nitro- 
7 -hydroxy coumarin.- — 8-Nitro-7-hydroxycoumarin  was  dissolved  in 
aqueous  15  per  cent,  sodium  hydroxide,  the  temperature  being 
raised  to  30°  for  one  minute.  The  red  liquid  was  acidified  at  0° 
with  dilute  hydrochloric  acid,  when  it  deposited  a  fine  scarlet 
powder,  which  was  dried  at  the  ordinary  temperature,  and  crys- 
tallised from  dry  ether.  The  scarlet  needles  which  separated 
gradually  became  yellow  when  heated,  and  finally  melted  and 
decomposed  at  240 — 245°.  The  yellow  product  was  shown  to  be 
8-nitro-7-hydroxycoumarin  by  the  method  of  mixed  melting  points. 
The  scarlet  compound  was  also  found  to  be  completely  converted 
into  the  yellow  parent  coumarin  when  heated  for  some  time  to 
150°: 

0-1464  gave  0-2562  CO2  and  0-0456  HgO.     C  =  47-73;  H  =  3-46. 

0-1624     „     8-9  c.c.  N2  at  23°  and  763  mm.     N  =  6-20. 
CgH-OeN  requires   C  =  48-00;   H  =  3-ll;  N  =  6-22   per  cent. 

The  author  desires  to  express  his  thanks  to  the  Chemical  Society 
for  a  grant  which  has  in  part  defrayed  the  expense  incurred  during 
this    investigation. 
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CXXIX. — Estimation  of  Sodium  and  Caesium  as  Bis- 
TnutJiinitrites.     Part  I.     Estimation  of  Sodium. 

By  Walter  Craven  Ball. 

In  a  recent  paper  (Trans.,  1909,  95,  2126)  the  author  showed  that 
sodium  salts  produce  a  precipitate  of  sodium  caesium  bismuthi- 
nitrite,  9CsN02,6NaN02,5Bi(N02)3,  when  added  to  a  solution  of 
potassium  nitrite  containing  bismuth  nitrate  and  caesium  nitrate. 
No  corresponding  potassium  salt  appears  to  exist,  and  the  sodium 
salt,  precipitated  from  solutions  containing  several  thousand  times 
as  much  potassium  as  sodium,  is  free  from  the  former  metal. 
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The  above-mentioned  paper,  which  dealt  primarily  with  the 
detection  of  sodium,  included  also  the  results  of  a  few  estimations 
of  sodium  as  sodium  caesium  bismuthinitrite,  which  indicated  that 
the  method  might  prove  to  be  an  accurate  one.  As  will  be  seen 
from  the  appended  tables  of  results  (tables  A  and  B,  pp.  1413,  1414), 
this  is  the  case,  provided  that  the  reagent  is  made  up  as  described, 
and  that  the  precautions  mentioned  with  regard  to  collecting  and 
w^ashing  the  precipitate  are  observed. 

A  great  advantage  of  the  method  is  that  none  of  the  metals 
commonly  associated  with  sodivim  in  analysis,  such  as  calcium, 
magnesium,  lithium,  and  ammonium,  interfere,  at  least  when  present 
in  the  amounts  used  in  these  experiments,  and,  as  mentioned  above, 
traces  of  sodium  mav  be  estimated  in  potassium  salts.  Another 
advantage  is  that  the  precipitate  contains  only  3' 675  per  cent,  of 
sodium,  so  that  1  milligram  of  the  metal  yields  272  milligrams  of 
precipitate. 

On  the  other  hand,  chlorides  should  not  be  present  in  greater 
concentration  than  X/o,  or  bismuth  oxy chloride  may  separate. 
Phosphates,  if  present  in  more  than  traces,  must  be  removed.* 

Iodides  interfere,  as  also  do  citrates  and  the  salts  of  some  other 
hydroxy-acids.  Sulphates,  nitrates,  nitrites,  acetates,  and  formates 
do  not  interfere.  Most  of  the  heavy  metals,  particularly  silver, 
must  be  absent.  The  method  is  particularly  applicable  to  the 
estimation  of  small  amounts  of  sodium  in  mixtures  such  as  sea- 
water;  for  example,  the  sodium  in  02  c.c.  of  sea-water  was  deter- 
mined directly  with  fair  accuracy.  It  may  therefore  be  found 
useful  in  the  analysis  of  soils,  etc.,  and  in  physiological  chemistry. 

The  estimation  is  not  a  costly  one,  and  the  caesium,  the  only 
expensive  ingredient,  may  be  easily  obtained  pure  from  the  residues 
by  the  addition  of  silver  nitrate,  which  precipitates  a  very  insoluble 
salt,  silver  ca;sium  bismuthinitrite.  f  This,  on  heating  and  sub- 
sequent extraction  with  water,  yields  a  pure  caesium  salt. 

I're/paration  of  the  Reagent. — This  is  made  by  adding  bismuth 
nitrate  and  caesium  nitrate  to  a  solution  of  ^^/r^  potassium  nitrite. 
As  all  the  samples  of  this  salt  were  very  impure,  generally  con- 
taining much  sodium,  and  as  it  cannot  be  purified  to  any  extent 
by  recrystallisation,  the  author  prepared  it  by  passing  nitrous  fumes 
into  a  concentrated  solution  of  potassium  carbonate,  which  salt  can 
be  bought  almost  free  from  sodium. 

Thirty  grams  of  the  pure  nitrite  I  are  dissolved  in  a  little  water, 

*  This  may  be  done  by  warming  to  100°  with  a  solution  of  i^tassium  nitrite  (pure) 
to  wliich  bismuth  nitrate  has  been  added. 

+  If  excess  of  silver  nitrate  be  added,  this  will  contain  also  silver  potassium 
bismuthinitrite.  which  may  \tc  removed  by  repr<-cipiUtion. 

X  This  can  now  be  obtained,  almost  free  from  sodium,  from  Messrs.  Morson. 
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and  to  this  are  added  3  grams  of  bismuth  nitrate  dissolved  in  a 
little  dilute  nitric  acid  (the  solution  used  contained  40  grams  of 
the  crystallised  salt  made  up  to  50  c.c.  with  approximately 
2#-nitric  acid;  3"75  c.c.  of  this  contained  3  grams  of  the  nitrate). 
Should  the  resulting  yellow  liquid  be  turbid,  which  may  occur  if  the 
nitrite  contains  free  alkali,  dilute  nitric  acid  must  be  added  until 
it  is  clear.  Then  16  c.c.  of  a  10  per  cent,  solution  of  caesium 
nitrate  are  added,  and  the  volume  made  up  to  100  c.c.  with  water, 
or,  if  turbid,  with  water  and  a  little  nitric  acid. 

Even  when  made  from  the  purest  reagents  obtainable,  this  liquid 
will  slowly   deposit  a  small,  yellow   precipitate  of   sodium   caesium 
bismuthinitrite.     The   liquid    should   be    kept  for    two  days,    and 
then  filtered  from  the  precipitate,  when  it  is  then  practically  free 
from  sodium.     If  exposed  to  the  air,  a  white  scum  appears  on  the 
surface  of  the  reagent,  probably  owing  to  two  different  reactions : 
(1)  Bi(NO2)3  =  Bi0NO3  +  2N0. 
(2)  2Bi(N02)3  +  Og  +  2H2O  =  2BiON03  +  4HNO2. 
It  may  be  kept  for  some  weeks  in  a  stopped  cylinder  provided 
with  a  Bunsen  valve,  especially  if  protected  from  the  air  by  coal 
gas  or  a  layer  of  parafl&n. 

The  proportion  of  potassium  nitrite  may  be  lowered  to  25  or  20 
grams  per  100  c.c,  but  such  a  reagent  does  not  keep  so  well,  and 
appears  to  be  less  trustworthy.  The  amount  of  bismuth  nitrate  may 
be  increased  to  6  grams  or  more,  but  again  this  reagent  is  much 
less  stable,  although  it  causes  a  more  rapid  precipitation;  less  than 
3  grams  of  bismuth  nitrate  per  100  c.c.  must  not  be  used.  Addition 
of  caesium  nitrate  beyond  1"6  to  1'8  grams  per  100  c.c.  of  reagent 
causes  the  weight  of  precipitate  to  be  too  large.  More  than  2  grams 
of  caesium  nitrate  per  100  c.c.  produces  a  precipitate  of  hexagonal 
plates  of  caesium  bismuthinitrite,  and  it  is  possible  that  an  admixture 
of  this  compound  is  the  cause  of  the  too  high  weight  of  precipitate 
obtained  when  the  reagent  contains  more  than  1'6  to  1*8  grams  of 
caesium  nitrate  per  100  c.c*  It  is  found  also  that  the  precipitate 
of  caesium  bismuthinitrite  is  formed  with  lower  concentrations  of 
caesium  when  the  concentration  of  potassium  nitrite  is  also  lowered ; 
thus  a  reagent  containing  30  grams  of  potassium  nitrite  and  2  grams 
of    caesium   nitrate   per   100    c.c    deposited    no    hexagonal  plates, 

*  These  precipitates,  however,  when  examined  with  the  microscope,  appear  to  bo 
free  from  the  hexagonal  crystals  of  caesium  bismuthinitrite  and  to  be  homogeneous. 
Another  possible  explanation  is  that  various  sodium  ca;sium  bisniuthinitrites  exist  in 
which  the  atomic  ratio  of  caesium  to  sodium  varies  from  3:2,  as  in  the  fornmla 
9CsN02,6NaN02,5Bi(]Sr02).j,  to  2  : 1,  as  in  the  formula  2C'sN0.2,NuNO„,Bi(N02)3.  The 
ratio  of  crosinm  to  sodium  was  detemiined  in  some  of  these  precipitates,  and 
approached,  but  never  quite  reached,  the  higher  value.  The  point  is  a  difficult  one 
to  decide. 
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whereas  one  containing  15  grams  of  potassium  nitrite  and  2  grams 
of  caesium  nitrate  gave  more  than  1  gram  of  caesium  bismuthinitrite. 

The  reagents  should  therefore  be  made  up  as  described.  If  a 
reagent  giving  a  more  rapid  precipitation  is  required,  the  author's 
experiments  indicate  that  this  might  perhaps  be  effected  by  using  a 
greater  concentration  of  caesium,  and  finding  experimentally  a 
factor  for  converting  the  weight  of  precipitate 
into  weight  of  sodium. 

Of  the  three  metals,  sodium,  caesium,  and 
bismuth,  any  one  may  probably  be  completely 
precipitated  by  the  presence  of  a  large  excess 
of  the  other  two. 

One  c.c.  of  the  above  reagent  will  precipi- 
tate 0'5  to  0'7  milligram  of  sodium.  The 
reagent  thus  prepared  may  be  used  for  the 
detection  of  sodium,  instead  of  that  described 
in  the  former  paper,  as  it  is  more  stable,  and 
almost  equally  delicate. 

Method  of  Precipitation. 

The  reagent  must  be  kept  as  much  as 
possible  from  contact  with  the  air,  and 
therefore  the  precipitation  must  be  conducted 
in  a  vessel  filled  with  coal  gas  or  other  inert 
gas.  The  author  uses  a  cylindrical  tapped 
funnel,  as  illustrated,  provided  with  a 
stopper  containing  two  tubes  for  the  replace- 
ment of  air  by  coal  gas.  This  stopper  may 
be  of  rubber,  but  glass  is  better,  as  the  rubber 
is  attacked  by  the  nitrous  fumes.  These 
cylinders  may  be  roughly  graduated  so  that 
various  quantities  of  the  reagent  may  be 
measured  into  them.  Fairly  accurate  results  may  also  be  obtained 
by  dispensing  with  this  apparatus  and  using  a  conical  beaker, 
finally  washing  out  the  precipitate  with  the  mother  liquor;  but 
unless  this  is  very  carefully  done,  the  results  are  not  so  accurate. 

Suppose  that  a  quantity  of  10  milligrams  of  sodium  is  to  be 
estimated.  In  this  case  20  to  25  c.c.  of  the  reagent  are  placed  in  a 
cylinder  (capacity  about  50  c.c),  1  c.c.  of  dilute  nitric  acid 
(about  2X)  added,  and  the  sodium  salt,  dissolved  in  5  c.c.  or  less 
of  water,  is  added.  The  mixture  is  well  stirred  (a  glass  rod 
expanded  at  the  end  answers  best),  coal  gas  passed  into  the  cylinder 
for  a  few  seconds,  and  the  tubes  closed,  one  by  a  rubber  cap,  the 
other  by  a  Bunsen  valve. 
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The  sodium  caesium  bismuthinitrite  will  begin  to  separate  within 
a  minute  or  two,  and  will  collect  in  the  lower  part  of  the  cylinder. 
After  twenty-four  to  forty-eight  hours  (twenty-four  hours'  standing 
gives  results  which  are  generally  a  little  low,  but  it  will  be  seen 
from  the  appended  figures  that  the  difference  is  very  small),  the 
precipitate  is  stirred  with  a  stout  wire,  so  that  it  will  easily  pass 
through  the  tap.  This  is  then  opened,  and  the  precipitate  and 
liquid  allowed  to  run  into  a  small  Gooch  crucible,  with  a  fairly 
thick  asbestos  felt.  The  liquid  should  be  run  into  the  Gooch 
crucible  at  such  a  rate  that  the  precipitate  is  covered  with  the 
liquid  during  the  filtration.  The  filtrate  is  received  in  a  clean 
filter  flask,  poured  back  as  quickly  as  possible  into  the  cylinder, 
i.ny  precipitate  remaining  on  the  walls  of  the  cylinder  stirred  into 
the  liquid  with  a  rubber-tipped  glass  rod,  and  the  filtration  repeated. 

The  essential  point  is  the  complete  transference  of  the  precipitate 
from  the  cylinder  to  the  crucible,  with  the  least  possible  exposure 
to  the  air,  and  this  requires  some  care  to  accomplish.  The  pro- 
duction of  a  small  amount  of  scum  on  the  sides  of  the  cylinder 
during  the  second  filtration  has  no  perceptible  effect  on  the 
estimation.  Unless  the  first  filtrate  is  not  clear,  it  is  not  necessary 
again  to  filter  the  whole  of  it,  but  a  little  will  be  required  to  wash 
out  any  precipitate  adhering  to  the  sides  of  the  cylinder. 

The  precipitate  is  then  washed  rapidly  by  suction  with  5  c.c.  of 
a  mixture  of  equal  volumes  of  acetone  and  water  (10  c.c.  if  the 
precipitate  be  a  large  one)  contained  in  a  small  wash  bottle,  and 
then  with  pure  acetone.  The  washing  liquid  must  be  directed 
against  the  sides  of  the  crucible,  in  order  to  wash  down  any 
adhering  traces  of  the  reagent.  Finally,  the  suction  is  stopped, 
some  acetone  is  put  into  the  crucible,  and  suction  again  started 
slowly.  The  precipitate  is  then  dried  at  100°  (fifteen  minutes 
suffices),  and  weighed. 

An  alternative  method  is  to  use  5  to  10  ci^c.  of  a  5  per  cent, 
solution  of  pure  potassium  nitrite  (containing  no  free  alkali),  and 
then  acetone  as  above. 

Experiments  were  made  with  many  other  washing  agents;  none 
completely  removed  the  mother-liquor  without  at  the  same  time 
dissolving  a  little  of  the  precipitate.  The  two  mentioned  yield 
the  best  results;  a  first  washing  with  60  to  70  per  cent,  acetone 
or  with  5  per  cent,  sodium  nitrite  was  generally  less  satisfactory. 
Acetone  itself  has  no  action  on  the  precipitate. 

For  each  5  c.c.  of  50  per  cent,  acetone  used,  0"07  milligram  may 
be  added  to  the  amount  of  sodium  found,  and  for  each  5  c.c.  of 
5  per  cent,  potassium  nitrite  about  01  milligram,  to  correct  for 
the  amount  of  precipitate  dissolved.     The  results  of  some  deter- 
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minations  are  given  in  tables  A  and  B,  experiments  in  whicli  other 
washing  liquids  than  those  recommended  were  used  having  been 
omitted,  as  they  did  not  give  such  concordant  results. 

After  a  little  experience,  very  concordant  values  may  be  obtained. 
For  example,  three  determinations,  similar  in  all  respects,  of  equal 
quantities  of  sodium  gave: 

(1)  Precipitate  =  0-2069  gram  =  0  00760  gram  Na. 

(2)  ,,  =  0-2062     „      =  000758 

(3)  ,,  =  0'2065     ,,      =  0-00759 


Table  B. — Estimations  of  Soditim  in  Presence  of  a  Mixture  of 
Potassium  Sulphate,  Magnesium  Nitrate,  Ammonium  Nitrate, 
Lithium,  Nitrate,  Calcium  Chloride,  and  Rubidium  Chloride. 


No.      Sodium 
of  ex-        salt 
periment.    used. 


Nitrate 


Substances 
added,  gram. 

'0*040  potassium  sulphate 
0-024  magnesium  nitrate 
0"008  ammonium       ,, 
0-004  lithium  ,, 

0-004  rubidfum  chloride 
0-004  calcium  ,, 

As  in  experiment  1 
As  in  exjieriments  1  and  2 

'0-020  potassium  sulphate 
0-012  magnesium  nitrate 
0-004  ammonium       ,, 
0-002  lithium  ,, 

0  -002  rubidium  chloride 

^0-002  calcium  „ 


Time 
allowed 

for  pre-    Sodium 
cipitation,  taken, 
hours,      gram. 


Sodium  found, 
corrected  for 
Sodium   loss  in 
found,  washing, 
gram.      gram. 


48 


49 
72 


72 


0-0058  0-0060  0-OOGO 


0-0060 
0-0058 


0-0057     0-0058 
0-0059     0-0059 


0-0079     0  0075     0-0076 


Sea  Water. — Some  sea-water  was  diluted  to  one-fifth,  and  the 
sodium  estimated  in  2  c.c.  Calculated  as  sodium  chloride,  the 
results  of  three  estimations  were : 

2*6  grams  of  sodium  chloride  per  100  grams  of  sea-water. 
2'4;        ,,  ,,  ,,  ,,  ,,  ,, 

^  "        >i  }>  ),  ))  )j  >) 

The  specific  gravity  of  the  sample  was  1-028,  and  the  total 
amount  of  solids  3*393  grams  per  100  grams  of  sea-water.  (Average 
values  for  similar  sea-water  are  2*64  grams  sodium  chloride  per  100 
grams;  specific  gravity,  1*026;  total  solids,  3*39  grams  per  100 
grams.) 

Part  of  the  cost  of  this  investigation  was  defrayed  by  a  grant 
from  the  Chemical  Society,  for  which  the  author  desires  to  express 
his  thanks. 

Chkmical  Laboratory, 

Guy's  Hospital,  S.E. 
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CXXX. — Carthamine.     Part  I. 

By  ToKUHEi  Kametaka  and  Arthur  George  Peekin. 

Safflower,  the  Carthamus  tinctorius,  at  one  time  a  most  important 
red  dyestuff,   on  the  advent  of  safranine   quickly  fell  into  disuse 
throughout   Europe,   but    nevertheless   large    quantities    are     still 
cultivated,  more  especially  in  India,  and  employed  for  dyeing  and 
pigment  maniifacture.     The  red  colouring  matter,  carthamine,   is 
present  in  the  flowers  to  the  extent  of  03  to  06  per  cent.  (Salvetat, 
Ann.  Chtm.  Fhys.,  1849,  [iii],  25,  337),  together  with  a  very  large 
amount  of  a  soluble  yellow  substance,  which   is  useless   and  even 
harmful  in  the  dyeing  operation.     Although  carthamine  is  specially 
interesting  on  account  of  its  substantive  dyeing  properties,  it  appears 
to  have  received  but  little  attention,  and  this  is  probably  due  to 
the  tedious  and  expensive  character  of  the  peculiar  operations  which 
are  necessary  for  its  isolation  from  the  plant.     For  this  purpose 
it  is  usual  to  extract  the  flowers,  which  have  been  previously  washed 
with  water  in  order  to  remove  the  yellow  substance,  with   dilute 
sodium  carbonate  solution.     If  the  alkaline  extract  be  now  acidified 
with  citric  or  tartaric  acids,  the  carthamine  is  precipitated  in  so 
finely  divided  a  condition  that  it  cannot  be  successfully  collected, 
and  to  obviate  this  difiiculty  cotton  or  flax  is  dyed  with  the  colouring 
matter  by   immersion  in  the  alkaline   liquid,   followed    by   a  sub- 
sequent  acidification   of    the   dye-bath.      The   carthamine   is   now 
removed  from    the  dyed    cotton   by    means    of   sodium    carbonate 
solution,  and  is  deposited  from  this  extract  by  means  of  an  organic 
acid   in   a   purer   and   more  granular    form.     The  crude   material 
employed  in  this  investigation  was  procured  from  Kyoto  in  Japan, 
in  which  country  it  finds  considerable  employment  as  a  cosmetic. 
For  its  preparation  the  safflower,  which  is  imported  both  from  China 
and  India,  is  subjected  to  a  process  very  similar  to  that  outlined 
above,  the  alkali  being  supplied  by  plant-ash  extract,  and  the  organic 
acid  from  the  juice  of  the  Japanese  plum.     Considerable  experience 
appears   to  be    necessary   in    neutralising   the   alkaline  extract  of 
the  plant,  and  also  of  the  dyed  cotton,  for,  should  this  be  carried 
beyond  a  certain  point,  a  brown  impurity  is  subsequently  deposited, 
wliich  causes  a  considerable  deterioration  of  the  brilliancy  of  the 
colouring   matter.     The  yield  of  dyestuff  varies    according  to    the 
quality  of  the  plant,  but  according  to  figures  given  by  the  Japanese 
maker,  80  lbs,  of  the  dried  flowers  usually  yield  about  285  grams  of 
tlie  crude  carthamine. 

Samples  described  as  carthamine  were  also  procured  by  purchase 
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from  the  Continent,  but  these  were  useless  for  our  purpose,  and 
contained  little  or  none  of  the  colouring  matter.  Although  no 
doubt  originally  derived  from  safflower,  the  dye  had  evidently 
been  decomposed  during  the  extraction  process;  moreover,  it 
would  appear  that  some  novel  method  of  isolation  had  been 
attempted,  for  on  incineration  it  yielded  15  "7  per  cent,  of  ash, 
mainly  calcium  carbonate,  whereas  the  ash  of  the  Japanese  product 
(12 "8  per  cent.)  consisted  almost  entirely  of  potassium  carbonate. 

Preisser,  the  first  to  investigate  carthamine  (/.  jpr.  Chem.,  1844, 
[i],  32,  142),  describes  this  substance  as  colourless  needles,  which, 
by  aii^-oxidation  in  the  presence  of  alkali,  were  converted  into 
carthamein,  the  true  colouring  matter.  Schlieper  (Annalen,  1846, 
58,  357),  however,  considered  that  Preisser's  statements  were 
absolutely  incorrect,  and  he  isolated  carthamine  in  the  form  of 
green,  iridescent,  red  crusts,  or  as  a  granular,  greenish-red  powder, 
to  which  he  assigned  the  formula  Cj^Hj^O^.  When  digested  with 
boiling  alcohol,  it  was  converted  into  a  yellow  compound  having  the 
composition  Cj^Hj^Og.  According  to  Malin  {Annalen,  1840,  36, 
117),  carthamine  gives  ^'-hydroxybenzoic  acid  when  digested  with 
boiling  potassium  hydroxide  solution. 

Much  more  recently  Radcliffe  (/.  Soc.  Dyers,  1897,  13,  158),  by 
extracting  an  air-dried  commercial  paste  extract  of  safflower  with 
methyl  alcohol,  subsequently  evaporating  the  solution,  and  adding 
hot  water,  obtained  a  product  crystallising  in  red,  iridescent  needles, 
melting  at  168 — 169°  (provisional),  which,  when  exposed  to  sunlight, 
changed  to  a  red  powder.  A  study  of  the  absorption  spectra  of 
solutions  of  this  substance,  and  an  account  of  its  general  properties, 
are  described  in  his  paper,"  but  he  reserved  analytical  details  for  a 
later  communication. 

Although  carthamine  has  proved  to  be  somewhat  more  stable 
than  was  anticipated,  the  ease  with  which  it  undergoes  alteration  in 
the  presence  of  most  reagents,  together  with  its  expensive  nature, 
has  shown  that  the  investigation  of  this  compound  is  an  extremely 
difficult  problem.  The  communication  of  the  somewhat  meagre 
results  given  below,  and  which  can  only  be  regarded  as  of  a  pre- 
linainary  nature,  is  rendered  necessary  by  the  fact  that  our  joint 
work  has  now  to  cease. 

Experimental. 

In  order  to  repeat  Radcliffe's  experiments  {loc.  cit.),  some  portion 
of  the  Safflower  extract  was  procured  from  Japan  in  the  condition 
of  a  bright  red  paste,  but  the  main  bulk  consisted  of  the  dried 
substance  in  the  form  of  green,  iridescent  fragments  still  attached 
to  the  silken  material,  on  which  it  had  evidently  been  drained. 
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The  paste,  after  drying  at  the  ordinary  temperature,  was 
exhausted  in  the  finely  divided  condition  with  methyl  alcohol,  and 
aft^r  concentration  the  solution  was  treated  with  hot  water.  On 
standing,  fine,  hair-like  needles  separated  out,  which,  when  collected 
and  dried,  formed  about  6  per  cent,  of  the  original  material,  and 
evidently  corresponded  with  Radcliffe's  preparation.*  Examination 
showed  that  not  only  was  the  undissolved  substance,  which  still 
contained  a  large  quantity  of  the  colouring  matter,  most  sparingly 
soluble  in  hot  methyl  alcohol,  but  that  the  dried  crystals  were  also 
but  little  attacked  by  this  solvent,  so  that  a  recrystallisation  in  this 
manner  was  diflBcult  to  carry  out.  It  accordingly  seems  probable 
that  in  the  colloidal  condition  carthamine  is  somewhat  readily  dis- 
solved by  boiling  alcohol,  but  otherwise  it  is  not,  aijd  bearing  in 
mind  Schlieper's  statement  (loc.  cit.),  that  carthamine  is  decomposed 
by  long  boiling  with  alcohol,  this  method  of  purification,  which 
involved  a  long  digestion  with  very  large  quantities  of  the  solvent, 
was  abandoned.  Radcliffe  found  that  when  the  safflower  extract 
he  employed  was  evaporated  to  dryness  on  the  water-bath,  the 
heating  destroyed  the  colouring  matter,  but  as  experiments  with 
the  Japanese  product  did  not  confirm  this  point,  it  is  evident  that 
in  the  former  case  some  special  impurity  of  the  extract  must  have 
l^een  responsible  for  this  change. 

In  order  to  devise  a  more  ready  method  for  the  purification  of 
the  crude  material,  repeated  trials  were  carried  out,  and  ultimately 
the  use  of  pyridine  was  adopted.  In  this  liquid,  carthamine  some- 
what readily  dissolves,  but  owing  to  the  sensibiHty  of  the  colouring 
matter,  it  is  preferable  to  conduct  the  extraction  process  and  the 
subsequent  operations  at  as  low  a  temperature  as  possible.  Forty 
grams  of  the  finely  powdered  material  were  treated  with  400  c.c. 
of  pyridine  (Kahlbaum's  1)  on  the  water-bath  for  about  fifteen 
minutes,  and  the  undissolved  residue  treated  in  a  similar  manner, 
first  with  200  c.c.  of  pyridine,  and  finally  with  100  c.c.  of  the  same 
solvent,  or  until  the  filtrate  was  not  longer  red  coloured.  The 
united  pyridine  extracts  were  now  concentrated  under  diminished 
pressure  (40  mm.)  at  60 — 65°  to  a  small  volume,  and  warm  wat<^r 
was  then  added  until  a  faint  turbidity  occurred.  On  keeping,  a 
(•eautiful  semi-solid,  crystalline  mass  was  obtained,  and  this  was 
<  ollected  and  washed  with  a  little  water.  The  product  thus  obtained 
had  a  very  pure  appearance,  and  averaged,  when  dry,  22  5  grams, 
or  a  yield  of  56  per  cent.,  whereas  the  insoluble  residue  was  10-5 
grams,  or  26  per  cent,  of  the  original  material. 

Examination  showed  that  the  crystalline  carthamine  contained, 

•  These  crysUls   contained   a   large   amount  of  n.ii.enil    matter,  .ii.iKirontly4iu 
■mbination  with  the  carthamine. 
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not  only  a  trace  of  mineral  matter,  but  some  quantity  of  a  colour- 
less wax,  and  to  remove  the  latter  the  crystals  were  extracted  in 
a  Soxhlet  apparatus,  first  with  chloroform  and  then  with  ether. 
As  carthamine  gradually  suffers  alteration  in  the  presence  of  hot 
dilute  mineral  acid,  the  inorganic  matter  could  not  be  well  removed 
by  such  a  treatment,  but  experiment  indicated  that  this  could  be 
effected  by  repeated  crystallisation  from  pyridine,  and  washing  with 
water.  Unfortunately,  however,  it  is  difficult  to  recover  satisfac- 
torily the  colouring  matter  from  the  pyridine  mother  liquors,  and 
as  in  each  operation  but  60  per  cent,  of  the  dissolved  substance 
separates  on  cooling,  the  loss  of  the  very  expensive  carthamine  is 
serious,  and  the  yield  of  the  chemically  pure  compound  does  not 
average  more  than  25  to  30  per  cent,  of  the  original  dry  extract. 

When  purified  in  this  manner,  carthamine  contains  pyridine  of 
crystallisation,  which  is  not  removed  by  washing  the  crystals  with 
ether  or  benzene.  For  analysis,  it  was  dried  at  125°  or  160°,  and 
when  anhydrous  was  exceedingly  hygroscopic,  a  fact  which  rendered 
the  weighing  operations  somewhat  difficult : 

Found,  C  =  58-16,  58-47,  58-33,  57-91;  H  =  4-87,  4-23,  4-83,  4-90. 
C14HJ4O7  (Schlieper,  loc.  cit.)  requires  C  =  57-14;  H  =  4-76  per  cent. 
C15H14O7  requires  C  =  58-82;  H  =  4'57    per    cent. 
C25H0A2         »         C  =  58-14;  H  =  4-65 

As  obtained  in  this  way,  carthamine  consists  of  bright  scarlet- 
coloured,  prismatic  needles^  which  melt  and  decompose  at  about 
228 — 230°,  a  point  which  is  considerably  higher  than  that  given 
provisionally  by  Radcliffe  (loc.  cit.).  According  to  Schlieper,  and 
also  to  Radcliffe,  carthamine  is  freely  soluble  in  cold  alcohol,  and 
this  is  curious  because  the  chemically  pure  substance,  although 
giving  with  ethyl  and  methyl  alcohols  a  coloured  solution  in  the 
cold,  was  only  sparingly  soluble  in  these  liquids,  even  on  boiling. 
On  the  other  hand,  it  is  somewhat  more  readily  dissolved  by 
methylated  spirit,  but  is  almost  insoluble  in  acetone,  in  which  again 
Radcliffe  states  it  is  freely  soluble.  Carthamine  dissolves  in  dilute 
alkali  hydroxides,  sodium  carbonate,  and  ammonia  with  an  orange 
colour,  and  on  addition  of  acid  is  reprecipitated  unchanged,  but  the 
product  exhibits  the  somewhat  unfortunate  characteristic  of  this 
colouring  matter  that  when  collected  it  cannot  be  washed  with 
water  without  passing  through  the  paper.  If  carthamine  is,  how- 
ever, dissolved  in  a  little  strong  ammonia,  the  solution  treated  with 
glacial  acetic  acid,  and  then  with  its  own  volume  of  alcohol  and 
boiled,  the  colouring  matter  is  tints  deposited  in  a  beautifully 
crystalline  condition.  Cold  alkaline  solutions  of  the  substance  suffer 
oxidation  on  exposure  to  the  air,  with  the  formation  of  a  brown 
liquid,  from  which  acids  throw  down  a  black-coloured  precipitate. 
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With  sulphuric  acid,  carthamine  forms  a  dull  red-coloured  solution, 
which,  after  heating  to  100°,  gives  with  water  a  violet  precipitate, 
possessing  feeble  mordant  dyeing  properties,  and  is  soluble  in  alkalis 
with  a  green  coloration.  Although  carthamine  is  not  perceptibly 
attacked  by  cold  dilute  acids,  on  heating  an  alteration  occurs  with 
formation  of  a  dull  brown  precipitate,  which  does  not  appear  to  be 
susceptible  to  crystallisation.  Hydrochloric  acid  (33  per  cent.),  in 
the  presence  of  boiling  acetic  acid,  reacts  somewhat  similarly  to 
sulphuric  acid,  and  the  product  is  soluble  in  alkalis  with  a  green 
tint.  Alcoholic  lead  acetate  gives  with  carthamine  a  bright  scarlet 
precipitate  soluble  in  water,  and  alcoholic  ferric  chloride  a  deep 
brown  coloration.  When  examined  by  Zeisel's  method,  no  trace 
of  a  methoxy-group  could  be  obtained.  As  was  to  be  expected 
from  its  behaviour  with  lead  acetate,  carthamine  is  devoid  of 
affinity  for  mordants,  but  is  fer  se  a  substantive  dyestuff  toward 
silk,  wool,  and  cotton. 

Action  of  Nitric  Acid. — Nitric  acid  (D  1'5)  dissolves  carthamine 
with  a  deep  orange  coloration,  from  which  water  throws  down  a 
yellow  precipitate.  The  acid  liquid,  when  evaporated  to  a  small 
bulk,  on  cooling  solidified  to  a  crystalline  mass,  which  was  drained 
on  a  tile,  and  recrystallised  from  water.  It  consisted  of  pale  yellow 
leaflets,  melting  at  118 — 120°,  and  had  all  the  properties  of  picric 
acid. 

Action  of  Fused  Alkali. — Carthamine  was  heated  with  ten  times 
its  weight  of  potassium  hydroxide  and  a  little  water  to  210 — 220° 
for  about  fifteen  minutes.  The  pale  brown-coloured  melt  was  dis- 
solved in  water,  the  solution  neutralised  with  acid,  extracted  with 
ether,  and  the  extract  evaporated.  A  crystalline  mass  was  thus 
obtained,  which  possessed  a  strong  odour  of  acetic  acid,  and  in 
order  to  isolate  a  phenol,  if  such  was  present,  it  was  dissolved  in  a 
solution  of  sodium  hydrogen  carbonate,  and  the  liquid  agitated 
with  ether.  As  this  gave  a  negative  result,  the  solution  was  again 
neutralised  with  acid,  the  substance  recovered  by  means  of  ether, 
and  purified  by  crystallisation  from  water. 

It  consisted  of  colourless  needles,  melting  at  208 — 210°,  and  had 
all  the  properties  of  p-hydroxybenzoic  acid.  Malin's  statement 
(lac.  cit.)  is  thus  confirmed. 

Action  of  Dilute  Alkali. — Experiments  were  now  carried  out  on 
the  action  of  boiling  potassium  hydroxide  solutions  (50  c.c),  vary- 
ing in  strength  from  50  per  cent,  to  1  per  cent.,  on  carthamine 
(1  gram),  from  which  it  became  evident  how  very  sensitive  this 
colouring  matter  is  under  these  conditions.  The  solutions  quickly 
became  brownish-yellow  coloured,  and,  on  neutralisation  with  acid, 
a    brown    precipitate   (A)  separated,   which     varied    in     quantity 
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according  to  the  concentration  of  the  reagent  and  the  length  of  the 
digestion.  Thus,  by  heating  with  50  per  cent,  alkali  for  half  an 
hour,  but  a  trace  of  this  brown  product  was  obtained,  whereas  with 
5  per  cent,  alkali  the  yield  was  about  50  per  cent.  It  was  collected, 
the  clear  liquid  repeatedly  agitated  with  ether,  and  the  ethereal 
extract  evaporated  to  a  small  bulk.  The  residual  solution  was 
treated  with  its  own  volume  of  benzene,  and  slowly  concentrated, 
with  the  result  that  at  first  a  small  quantity  of  a  resin  separated, 
which  was  filtered  off,  and  on  further  distillation  minute  crystals 
were  deposited.  These  were  collected  and  crystallised  from  water, 
in  which  they  were  very  sparingly  soluble,  until  colourless.  (Found, 
C  =  65-73;  H  =  4-95.     CgHgOg  requires  C  =  65-85;  H  =  4-88  per  cent.) 

It  consisted  of  long  needles,  which  melted  at  207 — 208°,  and  gave 
with  ferric  chloride  a  brown  coloration.  These  properties  suggested 
that  it  was  2>-coumaric  acid,  and  this  was  confirmed  by  a  comparison 
with  the  synthetical  product,  prepared  according  to  Eigel's  direc- 
tions {Ber.,  1887,  20,  2530). 

The  benzene  mother  liquors  from  which  the  coumaric  acid  had 
separated  were  concentrated  to  a  very  small  volume,  and  on  keeping 
overnight  became  semi-solid,  owing  to  the  separation  of  crystals. 
These  were  collected,  drained  on  porous  porcelain,  and  crystallised 
from  water  with  the  aid  of  animal  charcoal.  When  obtained  in 
this  way  the  substance  melted  at  113 — 114°,  but  as  it  still  contained 
a  yellow  impurity  it  was  carefully  sublimed  between  watch  glasses, 
and  finally  crystallised  from  water.  (Found,  C  =  68-76;  H  =  4-96. 
CyHgO,  requires  C  =  68-85;  H  =  4-92  per  cent.)  It  now  fused  at 
115 — 117°,  gave  with  ferric  chloride  a  pale  violet  coloration,  and 
was  identified  as  p-hydroxybenzaldehyde  by  comparison  with  the 
synthetical  product. 

The  brown,  resinous  compound  (A),  also  produced  by  the  action 
of  the  alkali  on  carthamine,  could  not  be  crystallised,  and  was 
therefore  again  submitted  to  the  action  of  the  boiling  dilute  alkali. 
In  this  manner  it  yielded  a  further  quantity  of  77-coumaric  acid 
and  27-hydroxybenzaldehyde,  and  it  thus  appears  likely  that  no  third 
ether  soluble  product  can  be  obtained  from  carthamine  by  this 
reaction. 

Carthamine  is  also  decomposed  when  digested  with  strong  boiling 
barium  hydroxide  solution,  and  there  is  thus  produced  a  trace  of 
27-coumaric  acid  and  j^-hydroxybenzaldehyde,  together  with  a  large 
quantity  of  brown,  resinous  substance. 

Action  of  Hydrogen  Peroxide. — Two  grams  of  carthamine,  dis- 
solved in  200  CO.  of  1  per  cent,  sodium  carbonate  solution,  were 
treated  with  3-8  c.c.  of  hydrogen  peroxide  (Merck's  perhydrol), 
and    the   liquid   kept   overnight.      The    resulting    yellow    solution 


KAMETAKA    AND    PEKKJX  :    CARTHAMINE.       PART   I.         1421 

was  acidified,  repeatedly  extracted  with  ether,  and  the  ether 
evaporated.  The  yellow,  crystalline  residue  was  purified  by 
crystallisation  from  water,  in  which  it  was  very  sparingly  soluble, 
employing  animal  charcoal.  (Found,  C  =  65"73;  H  =  4"95. 
CpHgOg  requires  C  =  65-85;  H  =  4-88  per  cent.)  It  melted  at 
207 — 208°,  and  was  found  to  consist  of  y-coumaric  acid.  Experi- 
ments on  the  oxidation  of  carthamine  with  perhydrol  were  also 
carried  out  in  the  presence  of  acetic  acid.  Addition  of  water  caused 
the  separation  of  a  yellow,  gelatinous  precipitate,  soluble  in  alkalis 
with  a  yellow  colour,  and  which  separated  from  methyl  alcohol 
and  water  in  an  amorphous  condition.  The  filtrate  contained 
2)-coumaric  acid. 

Benzoylcarthamine. — One  gram  of  carthamine,  dissolved  in 
15  c.c,  of  pyridine,  was  treated  with  11  c.c.  of  benzoyl  chloride  in 
the  usual  manner.  The  next  day  addition  of  water  caused  the 
separation  of  a  resinous  mass,  which  was  purified  by  adding  alcohol 
to  its  solution  in  acetone,  and  repeating  the  same  operation  two  or 
three  times.  Two  distinct  preparations  were  made,  but  up  to  the 
present  attempts  to  crystallise  this  compound  have  failed.  To  be 
certain  that  it  was  completely  benzoylated,  it  was  submitted  to 
the  action  of  benzoic  anhydride  at  170°  for  a  few  minutes,  and 
recovered  by  precipitation  from  alcohol: 

Found,   C  =  70-85;    H  =  4-44;     C  =  70-98;    H  =  4-42;    C  =  70-92; 
H  =  4-55. 
Co5Hi;Oj^(C7H50)-  requires  0  =  7138;   H  =  4-18  per  cent. 
cl5Hj8Oj2(07H5O)6         „         0  =  70-52;   H=4-21 

It  consist-ed  of  a  pale  red,  amorphous  powder,  which  sintered  at 
210°,   and   melted  and   decomposed   at  about  230 — 232°. 

Attempts  to  prepare  a  crystalline  acetyl  derivative  *  from 
carthamine  by  Deninger's  method  have  as  yet  been  unsuccessful. 
By  the  action  of  boiling  acetic  anhydride,  the  acetylation  is  accom- 
l^anied  by  decomposition,  the  solution  rapidly  darkens,  and  gives  an 
indefinite  amorphous  compound. 

On  account,  also,  of  the  extreme  sensitiveness  of  carthamine  to 
alkali,  it  does  not  appear  to  be  possible  to  methylate  this  colouring 
matter,  either  by  means  of  methyl  sulphate  or  methyl  iodide,  without 
at  least  some  portion  of  the  product  becoming  decomposed,  and  the 
result  of  numerous  experiments  indicated  that  this  was  the  case. 
In  the  hope  of  obtaining  a  more  satisfactory  result,  the  action  of 
an  ethereal  solution  of  diazomethane  on  carthamine  was  studied. 
The  well-dried  colouring  matter  suspended  in  anhydrous  ether  was 

•  The  amorphous  substance  thus  produced  gave  C  =  57-95,  H  =  4"32,  and  agrees 
fairly  well  with  Cy,\{„OiJ,C^^:f>}„  which  require8'C  =  57-78  ;  H  =  4-68  per  c-nt.  Its 
|purity  was,  however,  doubtlul. 
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treated  with  excess  of  this  reagent,  causing  the  evolution  of  gas 
and  the  gradual  change  of  the  substance  from  red  to  yellow.  After 
keeping  overnight,  the  product  was  collected,  but  on  examination 
the  greater  bulk  of  the  substance  was  found  to  be  insoluble  in  all 
solvents,  and  in  appearance  somewhat  resembled  cork.  By  Zeisel's 
method  the  presence  of  methoxy-groups  could  not  be  detected. 
A  repetition  experiment  gave  the  same  result,  and  it  was  evident 
that  in  this  case  the  behaviour  of  the  diazomethane  is  abnormal. 
In  addition  to  this  product,  a  small  quantity  of  yellow,  amorphous 
substance  was  also  formed,  which  was  soluble  in  alcohol,  gave 
on  analysis  OMe  =  28*7  per  cent.,  and  possibly  contained  a  true 
methyl  ether,  but  the  yield  was  not  sufficiently  good  to  permit  of 
its  further  examination. 

A  study  was  now  made  of  the  oxidation  of  the  crude  methylation 
product  of  carthamine,  prepared  by  means  of  methyl  sulphate. 
Three  grams  of  the  dark-coloured  powder  were  shaken  with  80  c.c. 
of  1  per  cent,  sodium  carbonate  solution,  and  10  c.c.  of  Merck's 
perhydrol  were  then  added.  After  keeping  overnight,  the  yellow 
liquid  was  filtered,  and  the  filtrate  extracted  with  ether.  On 
evaporating  the  ether,  an  orange-coloured,  crystalline  mass  was 
obtained,  which  possessed  a  strong  aromatic  odour.  The  product 
was  crystallised  from  alcohol,  employing  animal  charcoal,  and  was 
obtained  in  pale  yellow  needles,  melting  at  170°.  (Found,  C  =  67"00; 
H  =  5-84.  CioHioOg  requires  C  =  67-41;  H=5-62  per  cent.)  This 
acid  was  found  to  consist  of  ^-methoxycinnamic  acid.  The  alcoholic 
mother  liquor  contained  the  highly  aromatic  substance  above 
referred  to,  and  this  could  be  isolated  on  account  of  its  insolubility 
in  sodium  hydrogen  carbonate  solution.  The  quantity  obtained  has 
as  yet  been  too  small  for  analysis,  but  it  most  probably  consists  of 
2^methoxycinnamaldehyde,  a  substance  which  has  apparently  not 
yet  been  synthesised. 

Oxidation  with  Chromic  Acid. — The  oxidation  of  the  crude 
carthamine  methyl  ether  with  chromic  acid  at  the  ordinary  tem- 
perature was  also  carried  out.  The  main  product  of  the  reaction, 
soluble  in  ether,  was  a  colourless,  crystalline  acid,  which  melted 
at  180°,  and  was  found  to  consist  of  anisic  acid.  A  small  quantity 
of  a  second  substance,  which  was  insoluble  in  sodium  hydrogen 
carbonate  solution,  was  also  isolated,  and  this  possessed  the  charac- 
teristic odour  of  anisaldehyde. 

According  to  Schlieper  (Joe.  cit.),  when  carthamine  is  digested 
with  boiling  alcohol,  it  is  slowly  converted  into  a  yellow  substance 
of  the  formula  C]4Hi409,  and  Radcliffe  (loc.  cit.)  also  states  that  it 
was  noted  that  alcoholic  solutions  of  carthamine  rapidly  decompose 
with   the  production   of  a   yellow   colouring   matter.     Attempts  to 
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repeat  these  experiments  were,  curiously  enough,  quite  unsuccessful, 
and  no  yellow  substance  was  produced  from  carthamine  by  digesting 
its  solutions  in  methyl  alcohol,  ethyl  alcohol,  or  the  ordinary 
laboratory  spirit  at  the  boiling  point  for  long  periods,  or  under 
pressure  at  100°  in  sealed  tubes.  It  is  most  likely,  therefore,  that 
the  production  of  this  yellow  substance  must  have  arisen  from  the 
action  of  some  impurity  present  in  the  carthamines  of  Schlieper  and 
Radcliffe.  or  in  the  alcohol  they  employed,  although  experiment 
showed  that  as  regards  the  latter  this  could  not  have  been  due  to 
acetone.  On  the  other  hand,  it  has  been  shown  that  Radcliffe's  sub- 
stance, both  in  melting  point  and  solubility,  differs  markedly  also 
from  pure  carthamine,  and  it  suggests  itself  as  possible  that  his 
compound  was  a  potassium  salt  of  the  colouring  matter,  and  that 
this,  as  one  would  anticipate,  is  less  stable  than  carthamine  itself. 

That  carthamine  shows  a  tendency  to  give  a  yellow  product  was 
ascertained  during  some  experiments  on  its  acetylation  *  in  the 
presence  of  sulphuric  acid.  Thus,  if  the  colouring  matter  is 
suspended  in  acetic  anhydride  to  which  a  few  drops  of  sulphuric 
acid  have  been  added,  and  the  mixture  kept  for  some  days  or  is 
heated  for  a  short  time  on  the  water-bath,  an  orange-brown  sub- 
stance is  precipitated  when  the  product  is  poured  into  water.  By 
extracting  this  compound  with  benzene,  a  yellow  acetyl  derivative  is 
thus  dissolved,  and  this,  on  hydrolysis  with  sulphuric  acid  in  the 
presence  of  alcohol,  yields  a  bright  yellow  colouring  matter. f 

Again,  if  carthamine  is  boiled  with  ammonium  carbonate  solution, 
a  yellow  liquid  is  obtained,  which,  when  neutralised  with  acid, 
does  not  give  a  precipitate,  and  on  evaporation  to  dryness  gives  an 
aurine-like  mass,  very  sohible  in  water. 

Aniline  under  suitable  conditions  also  yields  a  yellow  substance, 
which,  however,  in  this  case,  is  readily  crystallised.  Two  grams  of 
finely  powdered  carthamine,  suspended  in  25  c.c.  of  absolute  alcohol, 
were  treated  with  25  drops  of  aniline,  and  the  mixture  digested  at 
the  boiling  point  for  one  hour.  The  carthamine  gradually  dis- 
solved, and,  on  cooling,  the  orange-brown  liquid  gelatinised. 
Addition  of  boiling  water  caused,  however,  the  formation  of  a  clear 
solution,  from  which  fine,  yellow  needles  gradually  separated,  and 
after  keeping  overnight  these  were  collected,  washed  with  dilute 
alcohol  with  absolute  alcohol,  and  finally  with  ether.  For 
purification,  the  substance  was  dissolved  in  a  little  hot  pyridine, 
the  solution  treated  with  twice  its  volume  of  boiling  50  per  cent, 
alcohol,    and    the    glistening,  yellow  needles,    which   separated  on 

When  cartlitimine  is  acetylated  in  jire.sencc  of  zinc,  a  colourh-ss  acetyl  dcrivntive 
is  obtainod,  which  h;is  yet  only  been  isolated  in  an  amorplious  condition. 

t  An  analysis  of  this  comi>ound  is  withheld  until  further  contirmation  is  possible. 
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cooling,  twice  recrystallised  in  a  similar  manner.  It  then  melted 
and  decomposed  at  276 — 278°.  Finally,  some  portion  of  the  com- 
pound was  dissolved  in  boiling  acetic  acid  by  the  aid  of  a  few  drops 
of  water,  the  solution  diluted  with  boiling  water,  and,  when  cold, 
the  crystals  collected  and  again  recrystallised  by  this  process.  The 
latter  treatment,  however,  proved  to  be  unnecessary,  for  it  was 
ascertained  that  no  alteration  in  the  decomposition  point  had  been 
thus  effected.  The  substance  contained  nitrogen,  and  the  yield 
averaged  about  30  per  cent,  of  the  carthamine  employed.  For 
analysis  it  was  dried  at  160°: 

Found,  C  =  61-10,  60-71,   60-92;    H  =  4-73,   5-05,   5-26;  N  =  2-65, 
2-72. 
C25Ho40i2,CcH7N  requires  C  =  61-08;  H  =  5-09;  N  =  2-29  per  cent. 

This  substance,  which,  on  heating,  develops  a  bright  orange  tint, 
and  for  which  the  name  aniline  xanthocarthaminate  is  proposed,  can 
also  be  prepared  by  boiling  carthamine  in  pyridine  solution  with  a 
little  aniline.  During  its  preparation  very  little  decomposition 
occurs;  that  is,  in  the  sense  of  the  formation  of  products  soluble 
in  ether.*  It  is  almost  insoluble  in  boiling  alcohol,  slightly  more 
soluble  in  boiling  acetic  acid,  and  dissolves  in  alkaline  solutions 
with  a  pale  yellow  colour.  If  the  alkaline  liquid  is  neutralised  with 
hydrochloric  acid  in  the  cold,  a  gelatinous  precipitate  separates, 
which,  when  collected  and  washed  with  water,  gradually  dissolves, 
but  if  the  acidified  mixture  is  kept  for  some  time  or  is  gently 
warmed,  the  precipitate  becomes  more  granular,  is  then  insoluble 
in  water,  and  has  the  decomposition  point  of  the  original  substance. 
In  a  second  experiment  employing  10  per  cent,  potassium  hydroxide 
solution,  the  solution  was  kept  for  some  time,  and  the  precipitate 
produced  from  it  by  acetic  acid,  crystallised  from  dilute  alcoholic 
pyridine  and  submitted  to  analysis : 

Found,  C  =  60-77;  H  =  5-09  per  cent. 

It  decomposed  at  273 — 274°,  and  was  evidently  the  original 
compound.  By  boiling  with  acetic  anhydride,  it  slowly  dissolves, 
but  decomposition  gradually  occurs,  and  the  solution  becomes  olive- 
coloured. 

For  the  purpose  of  obtaining  further  information  as  to  the 
molecular  weight  of  this  compound,  the  iS-naphthy lamina  derivative 
was  prepared  by  boiling  a  mixture  of  2  grams  of  carthamine,  TH 
grams  of  /3-naphthylamine,  and  30  c.c.  of  alcohol  for  one  hour.  The 
product  was  treated  with  boiling  water,  and  the  crystals  which 
separated  on  cooling  were  collected  and  allowed  to  drain  on  porous 

*  The  dilute  alcoholic  mother  liquid,  when  acidified  and  extracted  with  ether, 
gave  a  trace  of  a  crystalline  residue,  which  contained  p-coiimaric  acid  anil  a  substance 
resembling  2J-hydroxybcnzaldehyde. 
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porcelain.  When  almost  dry,  the  product  was  made  into  a  thin 
cream  "with  alcohol,  the  insoluble  residue  collected,  washed  with 
alcohol,  and  crystallised  three  times  from  dilute  alcoholic  pyridine. 
For  analysis  it  was  dried  at  160°  : 

Found,  C  =  63-47;  H  =  5-09;  N  =  2-18. 
C25H240i2,CioH9N  requires  C  =  63-73;  H=501;  N  =  212  per  cent. 

fi-Naphthj/lamine  xanthocarthaminate  forms  beautiful  orange- 
coloured  leaflets,  which,  when  heated,  become  bright  scarlet-coloured, 
sinter  at  about  260°,  and  melt  and  decompose  at  about  266 — 268°. 
It  dissolves  in  alkaline  solutions  with  a  pure  yellow  colour,  and 
after  some  time  a  precipitate  separates,  which  has  the  properties 
of  j3-naphthylamine.  «/'-Cumidine  also  reacts  with  carthamine, 
giving  a  product  crystallising  in  glistening,  orange-coloured  leaflets, 
which  sintered  at  285°,  and  melted  and  decomposed  at  about  290°. 
When  dissolved  in  alkaline  solutions,  the  pale  yellow  liquid  pos- 
sesses the  characteristic  odour  of  ^-cumidine,  and  gradually  deposits 
crystals  of  this  base.  Attempts  to  prepare  the  y-chloroaniline 
derivative  in  a  pure  condition,  and  made  with  the  object  of  obtain- 
ing a  chlorine  estimation,  gave  a  gelatinous  product,  which  was 
not  readily  crystallised. 

As  far  as  the  evidence  is  therefore  available,  these  compounds  are 
probably  the  salts  of  an  acid  provisionally  termed  xantJiocarthaminic 
acid.  This  compound,  which  would  appear  to  be  isomeric  with 
carthamine,  is  closely  allied  to  it,  and  preliminary  experiments 
indicate  as  probable  that  it  can  be  reconverted  into  this  colouring 
matter  in  a  simple  manner.*  Owing  to  lack  of  material,  no  serious 
attempt  could  be  made  to  isolate  the  free  acid,  and  such  information 
which  has  been  obtained  as  to  this  substance  will  be  given  after  a 
fuller  confirmation  of  its  properties. 

These  yellow  compounds  indicate  that  the  molecular  weight  of 
carthamine  is  high,  being  apparently  represented  by  the  formula 
C25H24OJ2,  and  it  was  interesting  to  obtain  further  confirmation  of 
this  point  by  the  preparation,  if  possible,  of  a  potassium  salt.  When 
an  alcoholic  solution  of  carthamine  is  treated  with  potassium 
acetate,  a  colloidal  precipitate  of  the  potassium  salt  is  formed,  and 
to  isolate  this  in  a  crystalline  condition  the  following  method  was 
adopted.  Finely  powdered  carthamine,  suspended  in  boiling  alcohol, 
is  treated  drop  by  drop  with  strong  aqueous  potassium  acetate  until 
a  clear  solution  is  produced.  On  cooling,  crystals  separate  out,  and 
When  a  cold  solutiou  of  /S-naphthylamiue  xanthocarthaminate  is  treated  witli 
alkali  and,  after  keeping,  is  repeatedly  extracted  with  ether  to  remove  ^-uaphtliyl- 
amine,  the  alkaline  liquid  when  neutralised  with  hydrochloric  acid  gradually  dejKjsita 
a  curdy,  yellow  precipitate.  On  keeping  for  some  days,  this  slowly  becomes  red- 
col(,iir<d,  and  when  dissolved  in  pyridine  gives  a  red  solution,  closely  resembling  ia 
tint  that  yiven  l>y  tarthaniine  with  the  same  solvent. 
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these  are  collected,  washed  with  absolute  alcohol,  then  with  ether, 
and  dried  at  160°: 

Found,  K  =  6-94,  7-28. 

C25H23OJ2K  requires  K  =  7"04  per  cent. 

This  'potassium  salt  consists  of  green,  iridescent  needles,  and  is 
decomposed  with  hot  water  with  liberation  of  the  free  colouring 
matter.  On  this  account  an  excess  of  water  must  not  be  added 
during  its  preparation. 

In  connexion  with  the  molecular  weight  of  carthamine,  it  was 
also  interesting  to  determine  the  water  of  crystallisation  in  the 
pure  air-dry  material,  evidence  of  the  presence  of  which  was  shown 
by  the  hygroscopic  nature  of  the  anhydrous  substance.  In  carrying 
out  these  experiments,  the  colouring  matter  was  freed  from"  pyridine 
by  drying  at  160°,  was  kept  in  air  until  its  weight  was  constant, 
and  the  loss  occasioned  by  heating  it  to  160°  again  determined: 

Found,  H20  =  6-79,  6-57,  670. 

C25B[240j2,2H20  requires  H20  =  6'52  per  cent. 

Finally,  experiments  were  carried  out  by  the  ebullioscopic  method 
to  ascertain  the  molecular  weight  of  carthamine,  employing  methyl 
alcohol  and  pyridine  as  solvents,  but  without  success,  due  in  the 
first  case  to  the  limited  solubility  of  the  substance,  and  in  the 
second  apparently  to  slow  decomposition  at  the  boiling  temperature. 
Application  was  therefore  made  to  Dr.  Barger,  who  very  kindly 
consented  to  experiment  on  the  subject  by  means  of  his  microscopic 
method  (Trans.,  1904,  85,  286),  employing  pyridine  as  a  solvent. 
The  results  in  three  distinct^  experiments  in  which  azobenzene  was 
lasjed  for  comparison  were  M.W.  =  566,  537,  and  551,  whereas  the 
formula  C05H24O12  requires  M.W.  =  516.  These  figures,  taken  in 
conjunction  with  the  analytical  numbers  given  by  the  aniline  and 
)8-naphthylamine  xanthocarthaminates,  the  determinations  of  water 
of  crystallisation,  and  the  somewhat  less  trustworthy  evidence  given 
by  the  potassium  salt,  indicate  that  the  formula  of  carthamine  is, 
or  closely  approximates  to  C25H240j2-  The  fact  that  carthamine, 
when  hydrolysed  with  alkali,  has  given  only  ^J-coumaric  acid  and 
p-hydroxybenzaldehyde  is  peculiar  in  view  of  the  fact  that  this  com- 
pound contains  so  much  oxygen,  and  that  its  benzoyl  derivative 
indicates  the  presence  of  six  or  seven  hydroxyl  groups.  In  view  of 
the  numerous  experiments  which  have  been  made  on  this  point,  it  is 
hardly  likely  that  a  phenol  is  also  produced  during  this  decom- 
position, although  a  final  experiment,  employing  some  quantity  of 
the  dye,  will,  it  is  hoped,  be  carried  out  at  a  later  date.  The  recent 
work  of  Dimroth  on  carminic  acid  {Ber.,  1909,  32,  1611)  and 
kermesic  acid  (ibid.,  1910,  33,  1387)  indicates  that  in  addition  to  a 
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naphthaquinone  group,  these  dyestuffs  contain  a  second  nucleus, 
which  is  probably  of  an  aliphatic  nature,  and  it  seems  possible  that 
in  carthamine  a  group  or  groups  of  this  character  may  exist. 

It  is  unfortunate  that  at  present  no  crystalline  derivatives  of 
carthamine  have  been  prepared,  but  it  is  to  be  remembered,  in 
regard  to  the  very  important  colouring  matter  of  logwood,  hsematein, 
the  constitution  of  which  is  now  clear,  that  such  is  also  the  case. 
The  fact  that  carthamine  so  readily  yields  a  yellow  compound 
suggests  that  the  yellow  colouring  matter  of  safflower  may  be  con- 
nected with  this  reaction.  This  compound,  which  up  to  the  present 
has  only  been  isolated  in  the  form  of  a  syrup  readily  soluble  in 
water,  appears  to  contain  a  glucoside,  and  by  digestion  with  boiling 
dilute  sulphuric  acid  a  small  quantity  of  a  crystalline,  yellow  sub- 
stance has  been  isolated  from  it  by  means  of  ether.  A  further 
study  of  this  product  will  be  carried  out  as  soon  as  the  necessary 
raw  material  is  available,  and  the  continuation  of  this  work  on 
carthamine  will  shortly  be  resumed. 

The  authors  are  indebted  to  the  Research  Fund  Committee  of  the 
Chemical  Society  for  a  grant,  which  has  been  partly  employed  to 
cover  the  heavy  expense  of  this  investigation. 

Clothworkers'  Research  Laboratory, 
The  Universitv, 
Leeds. 


CXXXL—^^-i^-Menthenol{S)    and   A^  "^'^-^-Menthadiene. 

By  William  Henry  Perkin,  jun.,  and  Otto  Wallace. 

The  diflBculty  of  preparing  substances  belonging  to  the  terpene 
group  in  a  state  of  purity  becomes  more  and  more  apparent  as  the 
chemistry  of  this  group  gradually  develops,  and  this  difficulty  is 
most  marked  in  the  case  of  the  terpenes  themselves. 

It  is  true  that  the  presence  even  of  considerable  quantities  of 
impurity  does  not  always  interfere  with  the  characterisation  of  the 
substance  in  question.  Thus,  for  example,  a-terpinene  (A^^^-jz-di- 
hydrocymene  or  A^^'-p-menthadiene)  can  be  readily  detected  in 
mixtures  by  means  of  its  nitrosite  or  by  oxidation  to  aS-dihydroxy- 
o-methyl-5-i«opropyladipic  acid,  although  it  has,  so  far,  not  been 
found  possible  to  isolate  the  hydrocarbon  in  a  pure  state.  It  is 
also  a  comparatively  simple  matter  to  demonstrate  the  formation 
of  dipentene  during  a  reaction,  although  no  method  is  known  by 
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which  synthetical  dipentene  can  be  obtained  quite  free  from 
isomerides  or  oxy-derivatives,  such  as  cineol.  On  the  other  hand, 
small  quantities  of  impurity  interfere  in  a  very  serious  way  with 
the  accurate  measurement  of  physical  properties,  and  it  is,  for  this 
reason,  often  very  difficult  to  determine  with  certainty  the  effect 
of  slight  changes  in  constitution  on  the  physical  properties  of  the 
terpenes.  As  an  example  of  this,  mention  may  be  made  of  the 
widely  differing  values  given  by  various  investigators  for  the 
molecular  refraction  of  a-terpinene,  and  of  the  difficulty  which  has 
been  experienced  of  accurately  determining  the  boiling  point  of 
dipentene.  The  preparation,  in  a  pure  condition,  of  alcohols  and 
ketones  of  the  terpene  group  does  not  usually  present  the  difficulties 
which  have  so  frequently  been  observed  in  the  case  of  the  terpenes 
themselves,  because  it  is  often  possible  to  convert  such  alcohols  or 
ketones  into  well-crystallised  derivatives  from  which  the  parent 
substance  may  be  regenerated,  and  the  accurate  determination  of 
the  physical  constants  of  such  alcohols  or  ketones  is  therefore  a 
comparatively  simple  matter.  In  order  to  obtain  a  terpene  in  a 
pure  state,  it  is  best  to  prepare  it  synthetically,  but,  even  in  the 
case  of  syntheses  which  appear  to  proceed  in  a  simple  manner,  there 
is  always  risk  of  intramolecular  change,  and  recent  investigations 
have  emphasised  the  remarkable  tendency  exhibited  by  certain 
groupings  in  this  respect. 

In  illustration  of  this,  it  is  only  necessary  to  call  attention  to 
the  conversion  of  substances  of  the  type  (I)  into  hydrocarbons  of 
the  type  (II),  a  change  which  has  often  been  observed  to  take  place 

({     ^-CHK-CO.H  ^    \:CHR 

(I.)  (11.) 

during  the  elimination  of  carbon  dioxide  at  comparatively  low 
temperatures. 

In  order  to  be  quite  certain  of  the  constitution  of  a  given 
terpene,  it  is  usually  necessary  to  prepare  it  in  several  different 
ways,  and  it  was  with  this  object  in  view  that  we  decided  jointly  to 
investigate  certain  terpenes  and  their  derivatives,  the  accurate 
determination  of  the  physical  properties  of  which  is  of  importance 
in  connexion  with  the  question  of  the  effect  exerted  by  double 
linkings  in  different  positions.  The  present  communication  deals 
with  A3-^menthenol(8)  and  A3  =  8(9)-2^menthadiene,  substances  which 
had  already  been  prepared  by  W.  H.  Perkin,  jun.,  and  S.  S.  Pickles 
(Trans.,  1905,  87,  639),  and  contains  a  description  of  an  entirely 
new  method  for  the  preparation  of  these  sitbstances  discovered  by 
O.  Wallach. 
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A3-p-Meiithenol(8)  differs  from  a-terpineol, 

CHMe<^g2^^>C.CMe2-OH  and  'GMe<^^~^g^>CH-CMe.pH, 

in  the  position  of  the  double  linking,  and  A^^^^^^-^^-menthadiene 
differs  from  limonene, 

CHMe<^^2-^^Q.CMe:CH2  and  CMe<^^"^g2>CH-CMe:CHo, 

not  only  in  this  respect,  but  also  in  the  relation  of  the  double 
linkings  to  one  another. 

In  the  case  of  A^^^^^^-p-menthadiene,  the  two  ethenoid  linkings 
are  conjugated,  a  condition  of  things  which  causes  the  molecular 
refraction  of  this  substance  to  exhibit  exaltation  above  that  of 
limonene  (compare  Trans.,  1906,  89,  855). 

Two  methods  are  now  available  for  the  preparation  of 
A^-p-menthenol(8).  Perkin  and  Pickles  (loc.  cit.)  obtained  this 
alcohol  from  the  est^r  of  A^-tetrahydro-^^-toluic  acid  (1-methyl- 
A^-cyc^ohexene-4-carboxylic  acid)  by  the  action  of  the  Grignard 
reagent : 

CHMe<^g2-^>C.C02H    -^     C^Ue<^~^^yG'GM.e^-OU, 

whereas  Wallach  (Annalen,  1909,  365,  272)  synthesised  4-acetyl- 
l-methyl-A^-cj/c^ohexene,  and  then  converted  this  substance  into 
A2-menthenol(8) : 

CHMe<^^2~^>C-C0Me    -^    CHMe<^^^(?H^^^'^^^2'0H, 

and  an  account  of  this  method  is  given  in  the  present  communication. 


4.' Ace  tyl-l-m  e  t  hyl-A^-cycloh  exene. 

In  preparing  this  ketone,  the  semicyclic  hydrocarbon,  1-methyl- 
4-ethylidenecyc/ohexane, 

CHMe<^]^2;CH.,v^C;CHMe, 

is  converted  into  the  nitroso-chloride,  and  this,  by  elimination  of 
hydrogen  chloride,  into  the  oxinie,  from  which  the  ketone  is 
obtained  by  hydrolysis : 


CHMe<[;2'-CH'^^^^*^^^*^^^     ~~^ 


CHMe<^y2;^>C-CxMe:N0H  —>   CHMe<^!22.J'^>C-COMe. 
VOL.    XCVII.  5    B 
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The  fact  that  l-methyl-4-ethylidenecycZohexaiie  may  now  be 
prepared  in  considerable  qviantities  has  made  the  investigation 
of  several  interesting  stereo-isomeric  derivatives  possible.  The 
nitroso-chloride,  which  is  obtained  in  an  excellent  yield  by  the 
process  already  described,  may  be  separated,  by  repeated  crys- 
tallisation from  acetone,*  into  two  distinct  substances.  The  more 
sparingly  soluble  component  crystallises  in  needles,  and  melts  at 
117 — 118°,  the  more  readily  soluble  isomeride  crystallises  in  plates, 
and  melts  at  113 — 114°;  both  are  volatile  in  steam.  The  higher 
melting  substance  yields,  on  careful  treatment  with  piperidine,  a 
nitrolpiperidide  melting  at  130 — 131°,  and  the  same  treatment 
converts  the  isomeride  into  a  nitrolpiperidide  which  melts  at 
119 — 120°.  Both  crystallise  from  methyl  alcohol  in  such  similar 
forms  that  it  is  almost  impossible  to  distinguish  them  by  their 
appearance  only.  During  the  determination  of  the  melting  point 
of  the  nitrolpiperidide  melting  at  119 — 120°,  the  observation  was 
made  that  the  substance,  after  it  had  crystallised  in  the  tube, 
melted  at  a  higher  temperature  than  before.  When  larger  quan- 
tities were  melted  in  a  test-tube,  a  strong  odour  of  piperidine  was 
noticed,  showing  that  partial  decomposition  into  the  oxime  was 
taking  place  (compare  Wallach,  Tevpene  und  Campher,  p.  80). 

The  residue,  after  crystallisation,  melted  at  130 — 131°,  showing 
that  a  conversion  of  the  lower  melting  nitrolpiperidide  into  the 
isomeride  of  higher  melting  point  had  taken  place.  That  these 
nitrolpiperidiHes  are  merely  stereoisomeric  and  not  chemically  dis- 
tinct is  proved  by  the  fact  that  both,  on  elimination  of  hydrogen 
chloride,  yield  the  same  oxime.  In  preparing  the  oxime  of  4-acetyl- 
l-methyl-A^-cyc^ohexene,  the  crude  nitroso-chloride  may  therefore 
be  employed,  and  experience  has  shown  that  it  is  better  to  avoid 
the  use  of  sodium  methoxide  for  the  elimination  of  the  hydrogen 
chloride.  In  some  cases  this  reagent  has  been  found  to  be  useful, 
but  as  a  rule  it  is  to  be  avoided  because  of  the  possibility  of  the 
formation  of  methoxy-derivatives  from  the  nitroso-chloride  by  the 
exchange  of  chlorine  for  methoxyl  (compare  Deussen,  Annalen, 
1909,  369,  62).  Traces  of  such  methoxy-derivatives  are  difficult  to 
remove,  and  are  apt  to  give  rise  to  inaccurate  observations  of  the 
properties  of  the  oximes  (compare  Annalen,  1908,  359,  303).  In 
the  present  instance,  the  sodium  acetate  and  acetic  acid  method 
was  employed  for  the  elimination  of  the  hydrogen  chloride  with 
excellent  results  (Wallach,  Terpene  und  Carrvpher,  p.  86),  and, 
during  the  investigation  of  the  products,  the  observation  was  made 

*  For  observations  on  the  suitability  of  acetone  for  the  crystallisation  of  nitroso- 
chlorides  and  similar  derivatives,  compare  Wallach,  Terpcne  und  Campher,  p.  65  ; 
and  Annalen,  1904,  336,  43. 
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for   the    first    time  that    a    relatively    stable    intermediate   acetyl 
derivative  was  produced  according  to  the  scheme : 

CHMe<^g^^22>cci-CMe:N0H     -^ 

CHMe<^,g<^2^'>C(0-C0Me)-CMe:N0H. 

The  acetate,  which  in  this  case  is  crystalline,  is  decomposed  on 
distillation  into  acetic  acid  and  the  unsaturated  oxime, 

CHMe<^g2-CH^C-C0Me. 

In  preparing  the  oxime,  it  is  best  to  distil  the  product  of  action 
of  sodium  acetate  on  the  nitroso-chloride,  first  under  diminished 
and  then  under  the  ordinary  pressure;  the  product  is  then 
crystallised  from  methyl  alcohol,  when  the  oxime  (m.  p.  116 — 117°) 
is  readily  obtained  pure. 

If  the  acetate,  which  when  quite  pure  crystallises  in  large, 
transparent  crystals  and  melts  at  111 — 112°,  is  not  completely 
decomposed  before  the  crystallisation  of  the  oxime,  crops  of  crystals 
separate  from  the  mother  liquor,  which  melt  at  about  85°  and  consist 
of  a  mixture  of  the  oxime  and  the  acetate.  This  mixture  is  much 
more  soluble  in  methyl  alcohol  than  the  components,  and  can  only 
be  separated  into  these  by  tedious  fractional  crystallisation. 

In  preparing  4-acetyl-l-methyl-A3-cyc^ohexene,  the  pure  oxime  is 
decomposed  by  warming  with  dilute  sulphuric  acid,  and  subsequent 
distillation  in  a  current  of  steam.  The  resulting  ketone  always 
contains  traces  of  oxime  which  have  escaped  hydrolysis,  and  in  this, 
as  in  all  other  similar  cases,  if  the  pure  ketone  is  required,  it  is 
necessary  to  purify  the  crude  product  by  converting  it  into  the 
semicarbazone. 

This  derivative  (m.  p.  222°)  is  then  decomposed  by  dilute  sulphuric 
or  oxalic  acid,  and  the  ketone  purified  by  distillation  under  ordinary 
pressure.  The  properties  of  4-acetyl-l-methyl-A3-cycZohexene  are  the 
following : 

B.   p.   210—211°,   ^2o  =  0'942,   72^  =  14830   at  20°. 

M  =  41-22.     Calculated  for   C9H14O  |=M  =  41-84. 

01703  gave  04887  CO2  and  01581  HoO.     C  =  78-3;  H--10-4. 

C9H14O  requires  0  =  782;  H  =  10-2  per  cent. 

At  low  temperatures  the  ketone  solidifies  to  a  crystalline  mass, 
which  melts  again  at  about  -20°;  it  is  rather  soluble  in  water, 
and  has  an  odour  resembling  aniseed.  i-Acetyl-l-methyl-l^-ct/clo- 
hexene  is  isomeric  with  4-acetyl-l-methyl-A^-cyc/ohexene,  which  is 
obtained  by  the  oxidation  of  iS-terpineol  (m.  p.  32°),  the  isomerism 
being  due   merely  to   the  position   of   the  ethenoid  liukiug.      The 
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following  table  gives  an  interesting  comparison   of  the  properties 
of   the  two  isomerides : 


B.  p 

4-Acetyl-l-methyl- 
A^-cj/cZoliexene. 
205—206° 
0-940 
1-4719 
41-10 
51° 
165° 

4-Acetyl-l-inethyl- 

A^-cycZohexene. 

210—211° 

d  

0-942 

no 

1-4830 

M 

M.  p.  of  oxinie  

41-84 
116—117° 

M.  p.  of  semicarbazone.... 

222° 

The  differences  in  the  physical  properties  of  the  two  ketones  are 
in  agreement  with  the  generalisation  which  K.  Auwers  and  F.  von 
der  Heyden  {Ber.,  1909,  42,  2406)  and  others  have  deduced  as  the 
result  of  the  examination  of  a  large  number  of  cases,  and  which 
is  briefly  as  follows.  Experience  shows  that,  when  a  double  linking 
in  a  position  removed  from  the  carbonyl  group  becomes  conjugated 
with  that  group,  there  is  an  increase  in  the  boiling  point,  density, 
and  refractive  index,  and  of  these  properties  the  increase  in  the 
refractive  index  is  the  most  evident  in  the  particular  case  under 
review. 

Conversion  of  A-Acetyl-l-methyl-^^-cycloIiexene  into 
^^-■p-Menthenol(8). 

The  conversion  of  the  ketone  into  the  tertiary  alcohol  was  carried 
out  under  the  following  conditions.  The  ketone  (20  grams)  dis- 
solved in  dry  ether  (60  c.c.)  was  gradually  added  to  a  Grignard 
solution  prepared  from  magnesium  (6  grams),  methyl  iodide  (36 
grams),  and  ether  (110  grams),  and  the  whole  heated  for  two  hours 
on  the  water-bath.  The  product  was  decomposed  with  water,  and 
distilled  in  a  current  of  steam,  the  receiver  being  changed  as  soon 
as  the  ether  had  passed  over.  It  was  frequently  noticed  that  the 
menthenol  crystallised  in  the  condenser  and  receiver,  but  traces  of 
impurity  are  sufficient  to  prevent  crystallisation,  and,  unless  a 
crystal  is  introduced,  the  pure  substance  will  sometimes  remain  for 
weeks  without  crystallising   (compare  p.   1435)  : 

0-1560  gave  04462  COg  and  0-1632  HgO.     C  =  780;  H  =  ll-7. 
CioHjgO  requires  C  =  77-8;  H  =  ll-7  per  cent. 

^.^-^-Ment7ienol{S)  melts  at  39 — 40°,  and  distils  at  97°/ 14  mm., 
or  at  205°  under  the  ordinary  pressure.  It  has  a  strong  and 
very  pleasant  odour,  resembling  that  of  a-terpineol,  and,  in  contact 
with  acids,  it  very  readily  loses  water  with  formation  of 
A3 : 8(9).p.naenthadiene. 

It  exhibits  in   a  marked  degree  the  property  of  superfusion,  a 
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fact    which    much    facilitates    the    determination    of    its    physical 
constants.     The  following  values  were  observed : 
^18  =  0-921,  «.o  =  1-4769  at  18°. 
M  =  47-16.     Calculated  for  CioHi--OH     M  =  47-19. 
A3-27-Menthenol(8)  does  not  yield  a  crystalline  derivative  on  treat- 
ment -with  nitrosyl  chloride,  but  it  combines  with  phenylcarbimide, 
and  the  pheni/hirethane,  CioHi-O-CO-NH-CgHg,  after  crystallisation 
from  methyl  alcohol,   melts   and  decomposes   at  about   128°.     The 
melting   point   varies,    however,    considerably     according    to     the 
rapidity  with  which   the  substance  is   heated,  and   a  rapid   deter- 
mination gives  a  melting  point  some  degrees  higher  than  128°. 

Preparation  of  \^-Tp-Ment7ienol(8)  and  \^-^(^^-ip-Ment7iadiene  from 

p-Toluic  Acid. 

This  synthesis  was  first  carried  out  by  Perkin  and  Pickles  in 
1905  (Trans.,  87,  639).  The  first  step  consists  in  the  reduction  of 
/j-toluie  acid  to  l-methylcycZohexane-4-carboxylic  acid  (hexahydro- 
2?-toluic  acid)  by  treatment  in  boiling  jsoamyl-alcoholic  solution  with 
a  large  excess  of  sodium.  Since  this  process  is  very  laborious  and 
unpleasant,  a  series  of  experiments  was  made  with  the  object  of 
determining  whether  the  reduction  might  not  be  effected  in  ethyl- 
alcoholic  solution,  but  without  result.  Even  when  alcohol  which 
had  been  twice  distilled  over  calcium  was  employed  (compare 
Trans.,  1909,  95,  1876,  footnote),  and  the  process  carried  out  as 
vigorously  as  possible,  no  appreciable  reduction  took  place.  The 
whole  of  the  material  required  for  this  investigation  had,  therefore, 
to  be  prepared  by  the  original  method  (loc.  cit.,  p.  643),  but  certain 
mt)difications  were  introduced  with  advantage.  The  crude  hexa- 
hydro-acid,  obtained  on  acidifying  the  product  of  reduction,  was 
distilled  in  a  current  of  steam,  and  thus  separated  from  resinous 
matter,  when,  in  most  cases,  it  was  found  that  the  colourless  acid 
collected  from  the  distillate,  after  crystallising  from  dilute  acetic 
acid,  melted  at  112°,  and  was  quite  pure.  If  this  was  not  the  case, 
it  was  treated  in  alkaline  solution  with  a  little  permanganate  in 
the  usual  manner.  The  bromination  of  the  pure  1-methylcyc/o- 
hexane-4-carboxylic  acid  was  carried  out  exactly  as  previously 
described  (loc.  cit.,  p.  645),  and  the  product  poured  into  excess  of 
alcohol  and  thus  converted  into  ethyl  1-bromomethylcyc/ohexane- 
4-carboxylate  (ethyl  a-bromohexahydro-p-toluate).  In  the  original 
experiments  the  elimination  of  hydrogen  bromide  from  this  ester 
was  brought  about  by  boiling  alcoholic  potassium  hydroxide,  but 
it  is  better  to  digest  the  crude  ester  with  four  times  its  volume 
of  diethylaniline  for  two  hours  in  a  reflux  apparatus. 
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The  product  is  treated  with  excess  of  dilute  hydrochloric  acid, 
extracted  with  ether,  the  ethereal  solution  washed  with  dilute 
hydrochloric  acid,  dried,  evaporated,  and  the  ester  distilled  under 
diminished  pressure,  when  almost  the  whole  quantity  distils  at 
148 — 152°/ 100  mm.,  the  yield  being  nearly  quantitative.  The  ethyl 
l-methyl-Ai-cycZohexene-4-carboxylate  (ethyl  Ai-tetrahydro-2J-toluate) 
thus  obtained  was  hydrolysed  by  methyl-alcoholic  potassium 
hydroxide,  and  the  acid  twice  crystallised  from  dilute  acetic  acid, 
when  it  melted  at  134°,  and  was  quite  pure.  This  acid  (40  grams) 
was  next  digested  with  alcohol  (250  c.c.)  and  sulphuric  acid  (20  c.c.) 
for  two  hours,  and  the  ester,  after  isolating  in  the  usual  manner, 
distilled  at  152— 153°/ 100  mm.  (Found,  C  =  71-4;  H  =  9-6. 
Calc,  C  =  71-4;  H  =  9-5  per  cent.) 

On  the  former  occasion  (loc.  cit.,  p.  647)  it  was  observed  that 
this  ester,  when  treated  with  magnesium  methyl  iodide,  did  not 
behave  normally,  since  it  was  largely  converted  directly  into 
A3=8(^)-2?-menthadiene,  the  yield  of  A3-2?-menthenol(8)  being  very 
small. 

In  order,  if  possible,  to  avoid  this  dehydration,  the  ester  (20 
grams),  diluted  with  five  times  its  volume  of  ether,  was  cooled  in 
ice  and  salt,  and  the  ethereal  solution  of  the  magnesium  methyl 
iodide  (containing  8  grams  of  magnesium)  gradually  added.  After 
being  kept  in  the  freezing  mixture  for  four  hours,  the  product  was 
left  overnight  at  the  ordinary  temperature,  and  then  decomposed 
with  water  and  dilute  hydrochloric  acid  in  the  usual  manner.  The 
resulting  oil  was  mixed  with  methyl-alcoholic  potassium  hydroxide 
(K0H  =  5  grams),  and  allowed  to  remain  for  twenty-four  hours  in 
order  to  remove  any  trace  of  unchanged  ethyl  1 -methyl- A^-cyc^o- 
hexene-4-carboxylate.  Water  was  then  added,  the  neutral  oil 
extracted  with  ether  and  distilled  in  a  current  of  steam,  the  dis- 
tillate was  again  extracted  with  ether,  the  ethereal  solution  dried 
carefully,  and  fractionated  under  diminished  pressure,  when  about 
three-fourths  distilled  at  90 — 95°/ 30  mm.,  and  consisted  almost 
entirely  of  A3:8(9).2^.ijienthadiene,  elimination  of  water  having  taken 
,  place  in  spite  of  the  precautions  which  had  been  observed.  The 
remainder,  on  repeated  fractionation,  yielded  a  pure  specimen  of 
A3-p-menthenol(8),  which  distilled  at  108— 110°/30  mm.,  and 
crystallised  at  once  when  a  crystal  of  the  pure  menthenol  was 
introduced  into  the  well-cooled  oil.  The  mass  was  left  in  contact 
with  porous  porcelain  until  quite  free  from  traces  of  oily  impurity 
and  then  analysed.  (Found,  0  =  778;  H  =  ll-8.  Calc,  0  =  779; 
H  =  ll-7  per  cent.) 

A'-2?-Mcnthenol(8)  melts  at  40 — 41°,  and  exhibits  in  a  remarkable 
manner  the  phenomenon  of  superfusion  (compare  Trans.,  1906,  89, 
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851).  Some  of  the  pure  substance  was  melted  in  a  small  sealed 
tube  and  left  in  the  ice  chest  for  three  weeks,  and,  although  it 
was  repeatedly  shaken,  it  could  not  be  made  to  crystallise. 

The  tube  was  sent  by  post  from  Manchester  to  Gottingen  in  the 
winter  time,  and  the  substance  arrived  still  fluid,  but  when  a  crystal 
was  introduced  the  whole  solidified  at  once  to  a  hard,  crystalline 
mass. 

The  fhenylur ethane,  prepared  in  the  usual  manner,  separated 
from  dilute  methyl  alcohol  in  colourless  needles,  and  melted,  when 
rapidly  heated,  at  133 — 134°  with  decomposition.  If,  however,  the 
determination  was  carried  out  slowly,  the  observed  melting  point 
was  a  few  degrees  lower : 

01411  gave  6*1  c.c.  Ng  at  15°  and  758  mm.     N  =  5-2. 
CjyHosOoN  requires  N  =  5'l  per  cent. 

This  preparation  was  mixed  with  an  equal  quantity  of  a  specimen 
of  the  phenylurethane  which  had  been  prepared  from  A^-p-men- 
thenol(8)  from  4-acetyl-l-methyl-A3-cycZohexene  (p.  1432),  and  the 
mixture  melted  at  the  same  temperature  as  the  components. 

In  connexion  with  the  study  of  the  influence  of  the  position  of 
the  ethenoid  linking  on  physical  properties,  it  is  very  interesting 
to  make  a  comparison  of  the  physical  properties  of  the  known 
p-menthenols,  namely : 

I.  Ai-p-Menthenol(8),    or  a-terpineol, 

CMe<^^~^g2>cH.CMe2-OH. 

II.  A3-^Menthenol(8), 

CHMe<^^2-<^>C-CMe2-OH. 

III.  A8W-jj-Menthenol(l),  or  i8-terpineol, 

and  we  therefore  append  the  following  table: 

I.                    II.  III. 

Hoiling  point...  218°  205°  209—210° 

Melting    ,,  35°                    39°  32° 

rf„    0-938  0-921  0-919 

nr, 1-4820  1-4764  1-4749 

Melting  point  of  the  phenyl- , 

urethane 113°  128°  85° 

The  examination  of  these  values  discloses  a  remarkable  relation- 
ship, since  it  is  evident  in  this  case  that  the  approach  of  the  ethenoid 
linking  to  the  oxygen  group  causes  a  fall  in  boiling  point,  density, 
and  refractive  index,  whereas  the  melting  point  rises. 

In  the  case  of  the  two  ketones  compared  on  p.  1432,  exactly  the 


1436  PERKIN    AND    WALLACE  : 

reverse  was  shown  to  be  the  case.  Further  experiments  are  neces- 
sary in  order  to  show  whether  this  relationship  holds  good  in  other 
series,  and  whether  it  will  be  possible  to  draw  valid  conclusions  as  to 
constitution  from  comparisons  such  as  these. 

A^-m.p.Menthadiene,  CHMe<^][^2"^^^Q.CMe:CH2. 

It  has  already  been  mentioned  that  A3-27-menthenoI(8)  loses  the 
elements  of  water  with  great  ease,  and  not  only  is  this  the  case 
when  it  is  treated  with  dehydrating  agents,  such  as  potassium 
hydrogen  sulphate,  but  also  when  it  is  left  in  contact  with  dilute 
acids  under  conditions  which,  in  the  case  of  terpineol,  bring  about 
addition  of  water  and  formation  of  terpin.  Thus,  when  the  sub- 
stance is  shaken  mechanically  with  1  per  cent,  sulphuric  acid  for 
several  days  or  warmed  at  80°  with  5  per  cent,  aqueous  oxalic 
acid,  it  loses  water  with  the  formation  of  A^^scsL^j-menthadiene. 
A  specimen  of  the  hydrocarbon,  prepared  by  the  latter  process,  was 
purified  by  distillation  in  a  current  of  steam  and  subsequent 
repeated  fractionation  over  sodium,  and  analysed : 

0-1202  gave  0-3882  COg  and  0-1314  H2O.     C  =  88-l;  H  =  12-2. 
CiqHjq  requires  C  =  88-l;  H  =  ll-9  per  cent. 

A3=S(^)-^-Menthadiene  has  an  odour  which  can  scarcely  be  dis- 
tinguished from  that  of  limonene,  and  the  determination  of  its 
physical  properties  gave  the  following  values : 

B.  p.  184—185°,  <^i9  =  0-858,  njj  =  l-4924  at  19°. 
M  =  46-02.     Calculated  for  CjoHi6r'M  =  45-24. 

It  does  not  yield  crystalline  derivatives  on  treatment  with  halogen 
acids,  nitrosyl  chloride,  or  oxides  of  nitrogen  (compare  Perkin  and 
Pickles,  Trans.,  1906,  89,  648).  The  constitution  of  the  terpene 
was  controlled  by  oxidation  with  1  per  cent,  permanganate  at  0°, 
when  a  solid  acid  was  obtained  which,  after  crystallisation  from 
a  mixture  of  benzene  and  light  petroleum,  melted  at  94 — 96°. 
The  silver  salt  was  analysed.  (Found,  Ag  =  57-5.  C7HjQ04Ag  re- 
quires Ag  =  57*8  per  cent.) 

There  can  be  no  doubt  that  this  acid  was  )8-methyladipic  acid, 
and  its  formation  is  in  harmony  with  the  position  of  the  double 
linking  in  A3:8(8)-p-menthadiene,  since,  if  the  double  linking  were 
in  any  other  position,  or  if  both  double  linkings  were  in  the  ring, 
j3-methyladipic  acid  could  not  have  been  produced  on  oxidation. 

The  examination  of  the  physical  constants  given  above  shows  at 
once  that  the  terpene  produced  by  the  dehydration  of  A^-p-Tnen- 
thenol(8)  by  treatment  with  5  per  cent,  aqueous  oxalic  acid  exhibits 
a  remarkably  high  boiling  point,  density,  and  refractive  index,  and 
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these  high  constants  are  readily  explained  by  the  assumption  that 
the  molecule  cont-ains  conjugated  ethenoid  linkings. 

Kay  and  Perkin  (Trans.,  1906,  89,  849)  had  previously  prepared 
d-\^-^(^)-p-TnenihaAiene  from  d-l^-p-m.entheno\(8)  by  -warming  with 
magnesium  methyl  iodide,  and  this  active  terpene  exhibited  the  same 
properties  as  the  inactive  specimen  just  mentioned,  namely,  b.  p. 
184°/ 748  mm.,  </.25  =  0-8574,  and  M  =  46-0.  On  the  other  hand,  the 
inactive  p-menthadiene  prepared  by  Perkin  and  Pickles  (Trans., 
1905,  87,  639),  while  boiling  at  the  same  temperature,  had  the  low 
density,  <f.2o  =  08358.  The  amount  of  inactive  terpene  available  at 
that  time  was  very  small,  and  there  is  therefore  every  reason  to 
suppose  that  the  low  density  was  due  to  the  presence  of  small 
quantities  of  impurity.  Since,  however,  the  accurate  determination 
of  the  physical  constants  in  this  case  is  of  particular  importance, 
the  synthesis  of  the  hydrocarbon  by  the  laborious  method 
employed  by  Perkin  and  Pickles  (loc.  cit.)  was  undertaken  on  a 
much  larger  scale  than  before,  and  resulted  in  the  preparation  of  nc 
less  than  50  grams  of  inactive  A3:8(9)-2>.inenthadiene.  This  hydro- 
carbon, after  purification  by  distillation  in  a  current  of  steam  and 
repeated  fractionation  over  sodium,  yielded  the  following  analysis 
and  physical  constants : 

01913  gave  06169  CO^  and  02038  H.2O.     C  =  87-9;  H  =  ll-8. 

CiqHj6  requires  C  =  88*l;  H  =  ll*9  per  cent. 
B.  p.  184—188°,  rf2o  =  0"8600,  n^y^VA^lb  at  20°,  M  =  54-84. 

The  comparison  of  the  physical  properties  of  the  two  specimens 
of  A3:8(9)-p-menthadiene  prepared  (I)  from  4-acetyl-l-methyl-A3-ryc/o- 
hexene  and  (II)  from  l-methyl-Ai-cycZohexene-4-carboxylic  acid 
exhibits  such  a  close  agreement  that  there  can  be  little  doubt  that 
this  terpene  is  now  correctly  characterised. 

B.  p.  d.  no.  M. 

I.  184—185°  0-858  14924  4602 

II.  184—186  0-860  1-4915  4584 


Calculated  for  C,„H,.i=  245*24 


10'*16l 


Limonene,  on  Uie  other  hand,  has 


B-  p.  d.  np.  M. 

175—176°  0-846  1-4746  4523 

When  the  formulae  of  the  two  hydrocarbons : 
CMe<^g^g2>cH.CMe:CH2  and  CHMe<:^g27CH^(..(.j^^^.^jj^ 

Limonene.  A^  •  »(»'-p-Menthadiene. 

are  compared,  it  is  evident  that  the  approach  of  the  ethenoid 
linkings  to  the  conjugated  position  has  resulted  in  a  very  con- 
siderable rise  in  boiling  point,  density,  and  refractive  index,  and 
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this  change  in  the  constants  is  of  the  same  order  as  that  shown  by 
the  ketones  (p.  1432),  but  the  reverse  of  that  exhibited  by  the 
alcohols  (p.  1435). 

The  facts  which  we  have  established  in  this  research  seem  to 
suggest  an  explanation  for  the  observation  which  has  so  often  been 
made  that,  in  the  synthetical  preparation  of  dipentene,  substances 
are  always  produced  which  boil  higher  than  that  hydrocarbon,  and 
yet  are  not  terpinolenes.  It  is  possible  that  the  reagents  employed 
may  cause  partial  intramolecular  change  to  take  place,  and  that  the 
ethenoid  linking  in  the  ring  may  wander  from  the  A^-  to  the 
A3-position.  This  point  might  be  decided  by  the  investigation  of 
the  amount  of  bromine  absorbed  by  the  higher  fractions  obtained 
during  the  preparation  of  dipentene,  since  Perkin  and  Pickles 
(Trans.,  1905,  87,  641)  have  shown  that  A^^sW-p-menthadiene, 
owing  to  its  containing  conjugated  ethenoid  linkings,  is  only  capable 
of  absorbing  two  atoms  of  bromine,  whereas  dipentene,  under  the 
same  conditions,  yields  dipentene  tetrabromide. 

Manchestek  and  Gottingen. 


CXXXIl. — Cyclic  Di-  and  Tri-ketones. 

By   SlEGFKIED  RuHEMANN. 

The  close  resemblance  between  isatin  and  the  diketopyrrolines, 
which  has  been  pointed  out  previously  (Trans.,  1909,  95,  984, 
1603;  1910,  97,  462),  exists  also  in  the  behaviour  of  these  substances 
towards  o-phenylenediamine.  In  the  same  way  as  this  diamine 
condenses  with   isatin  to   indophenazine, 

it  yields  similar  compounds  with  the  diketopyrrolines.  I  have 
prepared,  thus,  diphenylpyrrolino-phe'iiazine, 

and  phenyl-'p-tolylpyrrolinophenazine, 

(;>)CH3-CeH4-C-NH-C:N^  '«    "»' 
which  substances,  like  indophenazine,  are  yellow. 

The  red  diketo^yc^opentene  derivative,  CjiHigOg,  which  is  formed 
from   the  product  of   the  action  of   sodioacetylacetone  on   phenyl- 
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propiolyl   chloride  (Ruhemann   and  Merriman,   Trans.,    1905,   87, 
1383)  also  condenses  with  the  diamine  thus: 

C14H12O3  +  C6H4(NH2)2  =  C20H16ON2  +  2H2O ; 
but  the   compound   which  is   produced  differs   in  colour  from   the 
phenazines,  since  it  is  purple.     This  fact  leads  to  the  conclusion  that 
it  has  not  the  constitution  : 

c«H,-c— c:n  c,h,-c==c-nh 

CH,-C       C:N>^«^^       but        CH3-C       C=N>^«"^ 

•  '  \/         '  %/ 

CHAc  CAc 

and  that  its  formation  is  preceded  by  the  change  of  diketoacetyl- 
phenylmethylcycZopentene  into  its  tautomeric  form : 

CPh-CO  1  CPhiC-OH 

III  II 

CMe  CO  CMe  CO 

\/  ~^  %/  ' 

CHAc  CAc 

* 

This  view  as  to  the  formula  of  the  purple  condensation  product, 
which  is  indicated  by  the  similarity  of  its  colour  with  that  of  the 
salts  of  the  diketocyc/opentene  derivative,  C14H12O3,  is  supported 
by    the    following   considerations.     The    hydrogen,    marked  by   an 

'  An  error  occurs  in  my  paper,  "Condensation  of  Amides  with  Esters  of 
Acetylenic  Acids"  (Trans.,  1909,  95,  984),  which  requires  correction.  "Whereas 
the  tautomeric  form  of  the  ci/c^opentene  derivative,  CJ4HJ2O3,  is  correctly  represented 
thus : 

C(OH)-CO. 

II  >CAc, 

CPh.-CMe^ 

the  formula  of  the  compound  with  the  dikctonic  grouping  (p.  986)  is  erroneously 
given  as : 

CO C0\  CO— COv 

I  \CAc    instead  of    j  >CHAc. 

CHPh-CMe^  CPhlCMe^ 

(VI.)  (VI.) 

After  having  established  the  nature  of  the  tautomeric  change  of  this  siibstance  by 
'  omparison  of  its  properties  with  isatiu  and  the  diketopyrrolines  (loc.  cit.),  another 
correction  becomes  imperative.     This  concerna  the  formulse  of  some  of  the  deriv- 
atives of  the  diketone,  Cj^HijOj,  which  were  described  previously  (Trans.,  1906,  89, 
682).     The  formulae  given  there  must  be  changed  to  : 

C,H5-NH-N:C CO.  NHo-CO-NH-N:C COv 

i  >CHAc  "  I  >CHAc 

CPh:CMe/  CPhrCMe/ 

The  phenylhydrazone.  The  semicarbazone. 

HON:C CO. 

I  >CHAc 

CPhlCMe/ 
The  ozimc  of  diketophenylmethyl- 
»cetylci/cZo]>enteu(s. 
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asterisk,  has  a  greater  mobility  than  the  iminic  hydrogen  of  isatin 

or  the  diketopyrrolines.    Whereas  the  latter  substances,  with  alkalis 

only,  yield  blue  solutions  which  quickly  change  to  yellow,  the  diketo- 

cycZopentene  derivative,  CJ4HJ2O3,  dissolves  not  only  in  alkalis,  but 

also  in  alkali  carbonates  or  acetates,  to  form  blue  salts,  and  these 

are  considerably  more  stable  than  the  salts  of  the  former  diketone. 

Again,    the    diketopyrrolines  do    not  give    blue    solutions    on    the 

addition  of  piperidine,  but  form  with  it  colourless  additive  products 

(this  vol.,  p.  465);  the  diketocycZopentene  derivative,  C14HJ2O3,  on 

the  other  hand,  dissolves  in  piperidine,  as  it  does  in  alkalis  or  alkali 

carbonates,  to  yield  a  blue  solution.     It  follows  therefore  that  this 

diketone    readily   undergoes  a   transformation  into   its  tautomeric 

form,    which    occurs,    also,  in    its    condensation    with    o-phenylene- 

diamine.     Reagents,  like  phenylhydrazine  or  hydroxylamine,  do  not 

effect  this  change,  but  form  with  the  diketone  a  phenylhydrazone 

or  an  oxime  (Ruhemann,  Trans.,  1906,  89,  682).     Nor  does  such  a 

transformation  occur  in  the  reaction  of  phenylmercaptan  with  the 

diketone,  which  yields  an  additive  product;  this,  in  every  respect, 

resembles  the  one  which  is  formed  by  the  union  of  the  mercaptan 

with  diketodiphenylpyrroline  (loc.    cit.). 

On  the  one  hand,  the  similarity,  on  the  other  the  difference,  which 

exists    between  the    diketocycZopentene    derivative,    CJ4HJ2O3,   and 

isatin,  or  the  diketopyrrolines,  induced  me  to  attempt  the  prepara- 

•C CO 

tion   of  diketopentenes  with  the  grouping     .U  ^u    Airv'     ^°   which 

U'CHo  'CO 

the  methylene  radicle  is  intact.     With  this  object  in  view,  as  well 

as  for  the  purpose  of  arriving  at  a  compound  which  in  constitution 

closely  resembles   isatin,  I    chose  a-hydrindone   as   starting  point. 

I  expected  that  this  substance,  by  means  of  Sachs  and  Barschall's 

method  of  changing  methylene  groups  into  ketonic  groups   (Brr., 

1901,  34,  3047),  would  be  transformed  into  1 :  2-diketohydrindene, 

the  isomeride  of  the  known  1 :  3-diketohydrindene.  The  experi- 
ment, however,  led  to  the  remarkable  result  that,  in  the  presence 
of  potassium  hydroxide  or  sodium  carbonate,  p-nitrosodimethyl- 
aniline  mainly  attacks  both  methylene  groups  of  a-hydrindonc. 
Analysis  of  the  substance  which  is  formed  points  to  the  formula 
C25H240N4,H20 ;  accordingly,  it  is  to  be  represented  thus : 

aH,.C:N.C«H,.N(CH3)2 

CO— c:n-C6H4-n(ch3)2'  -  ■ 

That,    indeed,    nitrosodimethylaniline    has    entered     into    both 
methylene  groups  of  the  hydrindone  follows  from  the  behaviour  of 
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mineral  acids  towards  the  condensation  product;  thus,  it  is  readily 
decomposed,  and  yields  the  hydrate  of  triketohydrindene. 

C.H,<^^>C(OH),. 

Some  years  ago  Kaufmann  (Ber.,  1897,  30,  387)  stated  that 
he  obtained  triketohydrindene,  along  with  diphthalylethylene 
(iudenigo), 


CfiH^-^C^QQ^C.  C<CQQ^CgH^, 


on  oxidation  of  1  :'3-diketohydrindene  by  means  of  hydrogen 
peroxide,  but  that  the  amount  which  was  formed  did  not  suffice 
for  analysis.  He  described  his  compound  as  crystallising  from 
glacial  acetic  acid  in  yellowish-brown  plates,  which  were  insoluble 
in  alkalis,  and  decomposed  at  190 — 206°.  The  substance  which  is 
produced  from  o-hydrindone  has  quite  different  properties,  and 
these  fully  characterise  it  as  triketohydrindene.  It  crystallises 
from  water  or  alcohol  in  the  form  of  its  colourless  hydrate,  which, 
on  heating,  first  loses  water  and  turns  red,  then  melts,  and  decom- 
poses at  239 — 240°.  The  triketone  readily  reduces  Fehling's  solution 
and  ammoniacal  silver  solutions.  This  fact  is  undoubtedly  due  to 
the  opening  up  of  the  five-carbon  ring  and  the  formation  of  the 
semialdehyde  of  phthalonic  acid,  namely,  phenylglyoxal-o-carb- 
oxylic  acid,  thus : 

^'6^4^00-^^^  "*"  ^2^  ^  ^6^^'^CO-COH 

which  is  finally  oxidised  to  phthalonic  acid.  Of  especial  interest  is 
the  action  of  ammonia  on  the  triketone.  If  the  aqueous  solution 
of  the  mixture  of  both  substances  is  kept  for  a  short  time,  it  turns 
a  deep  reddish-violet,  and  no  longer  reduces  silver  nitrate.  On  the 
addition  of  dilute  hydrochloric  acid,  a  red  solid  is  precipitated, 
which  has  the  empirical  formula  C9H5O2N.  This  formula,  un- 
doubtedly, should  be  doubled.  The  constitution  of  the  substance 
may  be  deduced  from  a  consideration  of  the  action  of  ammonia  on 
phenylglyoxal,  CcH^-CO-COH.  Miiller  and  v.  Pechmann  {Btr., 
1889,  22,  2557),  who  studied  this  reaction,  did  not  arrive  at  the 
correct  empirical  formula  of  the  compound  which  is  formed.  This 
was  established  by  Pinner  (Ber.,  1902,  35,  4134),  who  showed,  also, 
that  the  substance  was  identical  with  the  one  which  Engler  and 
Haasenkamp  {Ber.,  1885,  18,  2241)  obtained  on  treatment  of  di- 
bromoacetophenone  with  ammonia.  Pinner,  further,  considered 
that  it  is  to  be  represented  thus : 

CH-N  *    " 
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and  accordingly  to  be  regarded  as  2-benzoyl-5-phenylglyoxaline. 
Since  the  reducing  action  of  triketohydrindene  can  only  be  explained 
by  the  opening  up  of  the  five-carbon  ring  and  the  formation  of 
phenylglyoxal-o-carboxylic  acid,  the  action  of  ammonia  may  be 
explained,  as  in  the  case  of  phenylglyoxal,  by  the  assumption  that 
the  aldehydo-acid,  first,  condenses  to  the  dicarboxylic  acid, 

CH-N  ^    '       - 

which  subsequently  loses  water  and  yields  : 

?«"4*M*^^>C-CO-CVH.-COoH(o). 
CO— C— N  "    *       ^    ^  ' 

The  product  thus  appears  both  to  contain  the  indone  ring  and 
to  be  a  derivative  of  glyoxaline.  It  may  therefore  be 
called  2-o-carhoxyhenzoylindonoglyoxaline.  Experiments  to  prove 
the  correctness  of  this  view  are  in  progress. 

Triketohydrindene  condenses  with  phenylhydrazine  to  an  orange- 
coloured  diphenylhydrazone,  the  constitution  of  which  is  either 

CO— C:N-NHPh  ^6"4^C(:N-NHPh)^^^^' 


I  am  inclined  to  regard  the  first  formula  as  correct;  a 
similar  formula  would  represent  the  yellow  disemicarbazone, 
C9H40(IN*NH'CO*NH2)2,  which  triketohydrindene  forms  with  semi- 
carbazide.  The  formation  of  a  trihydrazone  or  trisemicarbazone 
does  not  take  place;  hydroxylamine,  however,  is  capable  of  pro- 
ducing a  trioxime.  Oximes  of  triketohydrindene  are  already 
known,  namely,  2-oximino-l :  3-diketohydrindene, 

CeH,<g^>C-NOH 

(Wislicenus,  Annalen,  1888,  246,  347);  further,  1 :  3-dioximino- 
2-hydrindone, 

W<«|:^°i>>co 

(Heusler  and  Schieffer,  Ber.,  1899,- 32,  32),  and  finally  trioximino- 
hydrindene,  C9H4(!NOH)3,  which  Wislicenus  and  Koetzle  {Annalen, 
1889,  252,  74)  prepared  by  treating  2-oximino-l :  3-diketo- 
hydrindene with  hydroxylamine.  The  latter  substance  is  the  chief 
product  contained  in  the  mixture  of  oximes  which  is  formed  by 
the  action  of  hydroxylamine  on  triketohydrindene.  Although  I 
have  been  unable  to  isolate  the  trioxime  in  the  pure  state,  its 
formation  is  sufficiently  established  by  the  analytical  result  of  the 
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mixture.     Triketohydrindene  condenses  with  o-phenylenediamine  to 
ketohy  drin  denophen  azine, 


I 


CO 
which  is  yellow. 

The  behaviour  of  p-nitrosodimethylauiline  towards  a-hydrindone 
induced  me  to  ascertain  whether,  besides  the  compound  C25H28O2N4, 
the  dimethylarainoanil, 

is  formed  in  the  reaction.  On  examining  the  mother  liquor  from 
the  black  solid,  C25H2602N^,  which  separates  if  the  alcoholic  solution 
of  the  mixture  of  p-iiitrosodimethylaniline  and  a-hydrindone  is 
treated  with  potassium  hydroxide,  I  found  that,  in  the  course  of  a 
few  days,  it  deposited  a  red  solid,  which  separated  from  alcohol 
in  beautiful  red  crystals,  but  the  yield  was  so  small  that  it  suflBced 
only  for  an  analysis.  Although  the  analytical  data  are  not  in  full 
agreement  with  the  theory,  they  indicate  that  the  substance  is 
indeed  the  dimethylaminoanil  of  a-hydrindone. 

EXPERIIIKNTAL. 

Diph  enyl'pyrrolino'ph  ena  zin  e, 

CeH.-C C:x. 

5' 
This  compound  separates  as  a  yellow  solid  when  the  mixture  of 
diketodiphenylpyrroline  and  o-phenylenediamine,  dissolved  in  dilute 
acetic  acid,  is  digested  on  the  water-bath.     It  is  sparingly  soluble 
in  cold,  moderately  so  in  boiling,  alcohol,  and  crystallises  in  yellow 
needles,  which  melt  at  240 — 241°: 
01750  gave  0-5272  CO2  and  00765  H2O.     C  =  8216;  H  =  4-86. 
01855     „  20-8  c.c.  No  at  15°  and  759  mm.     N-1311. 

C22H15N3  requires  0  =  8224;  H  =  4'67;  N  =  1308  per  cent. 
The   substance   dissolves  in    cold   concentrated     sulphuric     acid, 
yielding  a  solution  which  is  purple  in  transmitted,  green  in  reflected, 
light ;  the  solution  in  hydrochloric  acid  is  red. 
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>0«H,. 


Phenpl-p-toli/lpyrroUnophenazine, 

This  is  prepared  from  diketophenyl-jj-tolylpyrroline  and 
o-phenylenediamine  in  the  same  way  as  the  former  substance,  with 
the  only  exception  that  a  more  concentrated  solution  of  acetic 
acid  must  be  used  on  account  of  the  fact  that  this  diketone  is  less 
soluble  than  diketodiphenylpyrroline.  The  phenazine  is  moderately 
soluble  in  boiling  alcohol,  and,  on  cooling  the  solution,  slowly 
separates  in  yellow  needles,  which  melt  at  258° : 

0-1833  gave  0-5532  COg  and  0-0865  HgO.     C  =  82-30;  H  =  5-24. 
0-1788     „  19-4  CO.  No  at  17°  and  762  mm.     N  =  12-62. 

C23H17N3  requires  6  =  82-38;  H  =  5-07;  N  =  12-54  per  cent. 

A  ction  of  o-Phenylenediamine  on  2 :  S-Diketo-l-aceti/l-A-phetiyl- 
5-methylcyc\opentene. 

On  adding  to  the  red  diketocyc^opentene  derivative,  C14H12O3 
(1  gram),  dissolved  in  hot  alcohol  or  acetic  acid,  o-phenylenediamine 
(0"5  gram),  the  whole  sets  to  a  mass  of  dark-coloured  crystals.  The 
product  of  the  reaction  is  almost  insoluble  in  alcohol,  but  dissolves 
in  boiling  glacial  acetic  acid,  from  which  it  crystallises  in  bunches 
of  purple  needles,  softening  at  245°  and  melting  at  250° : 

0-1782  gave  0-5225  COg  and  0-0855  HgO.     C  =  79-97;  H  =  5'33. 
0-1720     „  14-2  c.c.  N2  at  21°  and  747  mm.     N  =  9-23. 
C20H16ON2  requires  C  =  80-00;  H  =  5-33;  N  =  9-33  per  cent. 

The  substance  dissolves  in  cold  concentrated  sulphuric  or  hydro- 
chloric acids  to  yield   purple  solutions.     It  has  been   pointed  out 
before  (p.  1439)  that  this  compound  must  be  represented  thus: 
C,H,.C  =  =  C-NH  . 

CH3-C:CAc-C=N'^^    *' 
it  may  be  called  isophenylmethplaceti/lcyclopentetiephenazine. 

With  phenylmercaptan,  the  diketocyc^opentene  derivative, 
C14H12O3,  unites  to  yield  the  additive  compound,  Cj4H,203,CaH6S. 
This  is  formed  when  the  diketone  (0-5  gram),  dissolved  in  hot 
alcohol,  is  mixed  with  phenylmercaptan  (0-3  gram).  The  red  colour 
of  the  solution  changes  to  yellow,  and,  on  adding  water  until 
turbidity  is  produced,  yellow  prisms  separate,  which  soften  at  125° 
and  melt  at  130°  to  a  red  liquid : 

0-2344  (dried  in  a  vacuum)  gave  01650  BaS04.     8  =  967. 
CooHigOaS  requires  8  =  9-47  per  cent. 
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This  compound,  like  the  product  of  the  union  of  diketodiphenyl- 
pyrroline  with  phenylmercaptan,  readily  decomposes  into  its  con- 
stituents, the  diketone  and  the  mercaptan. 

Action  of  T^-Nitrosodimethylaniline  on  a-Hydrindone. 

a-IIydrindone  was  prepared  by  the  action  of  aluminium  chloride 
on  phenylpropionyl  chloride,  according  to  the  method  elaborated  by 
Kipping  (Trans.,  1894,  65,  484),  and  the  yield  was  found  to  be  the 
same  as  stated  by  this  author,  if  his  directions  are  closely  followed. 
The  action  of  nitrosodimethylaniline  on  the  hydrindone  takes 
place  under  the  influence  of  alcoholic  potassium  hydroxide,  and  is 
accompanied  by  development  of  heat.  After  several  experiments, 
the  following  mode  of  procedure  was  adopted  as  giving  the  best 
results.  The  hydrindone  (6  grams)  and  nitrosodimethylaniline  (24 
grams),  dissolved  in  equal  volumes  of  alcohol  (about  50  c.c),  are 
mixed,  the  solution  is  cooled  by  ice,  and  gradually  treated  with  a 
small  quantity  of  alcoholic  potassium  hydroxide.  The  mixture  soon 
turns  deep  brown  and  deposits  a  black  solid;  after  being  kept  for 
a  day  at  the  ordinary  temperature,  the  reaction  is  complete.  The 
solid  is  collected,  washed  with  cold  alcohol,  and  dissolved  in  boiling 

othylated  spirit  (about  2*5  litres  are  required);  on  cooling,  beauti- 
rul  green  prisms  (9  to  9"5  grams)  separate  from  the  bluish-black 
solution,  which,  after  a  second  crystallisation  from  the  same  solvent, 
melt  and  decompose  at  174°: 

01862  gave  0-4960  COg  and  0-1020  HgO.     C  =  72-65  ;  H  =  6-08. 
01948     „     0-5194  CX)^     „    0-1045  HgO.     C  =  72-73;  n  =  5-96. 
01890     „  21-8  c.c.  Ngat  18°  and  761  mm.     N  =  13-33. 
0-1895     „  22-2  c.c.  Ng  „  21°     „    765  mm.     N  =  13-41. 
Ci^HscC^N^  requires  0  =  7246;  H  =  6-28;  N  =  13-56  per  cent. 

It  will  be  noticed  that  the  agreement  between  the  analytical  and 
theoretical  numbers  is  not  so  close  as  might  be  desired,  and  that, 
especially,  the  percentage  of  hydrogen  was  found  lower  than  required 
for  the  formula.  On  account  of  this  discrepancy,  I  have  frequently 
analysed  this  compound  after  repeated  crystallisations,  but  without 
arriving  at  results  which  diBFer  appreciably  from  those  stated  above. 

The  substance   O25H26O2N4   may   be  regarded  as  the  hydrate  of 
.  :  Z-hi<{^Hlhnethylaminoanilo)-a-hydriiidone, 
(^«H,-C:N-CeH,-N(CH,) 

CO— c:n-c„h,-n(cHs);^ 

It  is  only  sparingly  soluble  in  alcohol,  moderately  so  in  hot 
benzene,  but  does  not  readily  crystallise  from  this  solution  without 
the  addition  of  alcohol ;  it  dissolves  with  great  ease  in  glacial  acetic 
acid  to  yield  an  indigo-blue  solution,  which,  in  a  short  time,  changes 
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tx)  yellow,  and  finally,  if  warmed,  becomes  reddish-violet.  The  dark 
brown  filtrate  from  the  compound  Co5H2(;02N4,  when  kept  for  a 
few  days,  deposits  a  very  small  quantity  of  a  yellowish-red  solid. 
This  is  moderately  soluble  in  boiling  alcohol  to  form  a  red  solution, 
from  which,  on  cooling,  dark  red  crystals  separate.  These  have  a 
bluish-green,  metallic  lustre,  and  melt  at  238°.  As  mentioned 
before,  the  substance  is  most  probably  the  p-dimefhi/laminoanil  of 
a-hydrindone, 

^«^4<ch~>c:n-c,h,.n(ch3).,. 

The  following  analysis  indicates  that  it  is  not  quite  pure : 

01910  gave  0-5348  COo  and  O'llOO  HgO.     0  =  76-36;  H-6-39. 
Ci^HjeONg  requires  C  =  77-27;  H  =  6-06  per  cent. 


Trihetohydrindene  Hydrate, 
'CO- 
>C0' 


C6H4<nn>^(OH)2- 


Dilute  sulphuric  acid  attacks  the  compound  C25H06O2N4  even  at 
the  ordinary  temperature,  but  more  readily  on  slightly  warming  on 
the  water-bath;  the  green  crystals  disappear,  and  a  dark  solution 
is  produced,  which  contains  the  hydrate  of  triketohydrindene. 
Owing  to  the  fact  that  it  is  moderately  soluble  in  cold,  readily  so 
in  boiling,  water,  but  sparingly  so  in  ether,  its  isolation  is  rather 
troublesome.  It  was  found  necessary  to  shake  the  deep  brown  liquor 
which  is  formed  by  the  action  of  the  acid  on  the  condensation 
product  (10  grams)  twenty  times  with  fresh  quantities  of  ether  to 
extract  the  triketone  hydrate  (3*2  grams)  which  was  formed.  The 
red,  ethereal  extracts  are  decolorised  with  animal  charcoal  and 
evaporated  on  the  water-bath,  when  a  yellow  oil  is  left  which 
solidifies  on  stirring  with  a  glass  rod.  The  solid  readily  dissolves  in 
hot  water,  and,  on  cooling  the  concentrated  solution,  crystallises  in 
colourless  prisms,  which  turn  red  at  125°,  froth  at  139°,  and  melt 
and  decompose  Jit  239 — 240°.  The  compound,  after  drying  in  a 
vacuum  desiccator  over  sulphuric  acid,  gave  the  following  results : 

0-2083  gave  0-4637  COg  and  00640  HgO.     C  =  60-71 ;  H  =  3-41. 
C9H6O4  requires  0  =  6067;  H  =  3-37  per  cent. 

The  aqueous  solution  of  this  substance  colours  the  skin  purple; 
this  is  similar  to  the  behaviour  of  alloxan,  which,  in  constitution, 
shows  a  certain  resemblance  to  triketohydrindene.  This  substance 
reduces  Fehling's  solution  as  well  as  ammoniacal  silver  solutions. 
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Action  of  Ammonia  on  Triketohydrindene. 

If  the  solution  of  triketohydrindene  in  dilute  ammonia  is  kept 
for  a  short  time,  it  becomes  reddish-violet,  and  no  longer  reduces 
silver  nitrate.  On  the  addition  of  dilute  hydrochloric  acid  to  the 
ammoniacal  solution,  a  red,  gelatinous  precipitate  is  formed. 

This  is  insoluble  in  water,  sparingly  soluble  in  ether,  readily 
so  in  hot  glacial  acetic  acid,  moderately  so  in  boiling  alcohol, 
and,  on  cooling  the  alcoholic  solution,  crystallises  in  scarlet  prisms. 
On  heating,  their  colour  changes  to  yellow  at  about  245°,  and  above 
330°  they  melt  to  a  dark  liquid : 

0-1910  gave  0-4760  COo  and  0-0540  HoO.     C  =  67-96;  H  =  3-14. 

0-2013     „  15-6  c^c.  N2  at  20°  and  758  mm.     N  =  8-83. 

CigHjoO^No  requires"  C  =  67-92 ;  H  =  3-14 ;  N  =  880  per  cent. 

As  mentioned  above  (p.  1442),  the  compound  is  most  probably  to 
be  represented  thus : 

^^^^I^>^'^^'^.'^.-^o,n{o). 

It  dissolves  in  ammonia,  potassium  hydroxide,  or  sodium  carbonate 
to  yield  reddish-violet  solutions,  which  do  not  reduce  silver  nitrate 
or  alkaline  copper  oxide  solutions.  The  deep  violet  silver  com- 
pound which  it  forms  on  the  addition  of  silver  nitrate  to  its  solution 
in  ammonia  (containing  only  a  slight  excess  of  the  base)  is  charac- 
teristic. If  the  solution  is  hot,  a  curdy,  violet  precipitate  is 
produced,  which  is  insoluble  in  water,  and  can  be  dried  in  the 
water-bath  without  undergoing  any  change  : 

0-2168  gave  00880  Ag.     Ag  =  40-59. 

Ci8H804N2Ag2  requires   Ag  =  40-60   per   cent. 

In  the  light  of  the  view  expressed  above  concerning  the  con- 
stitution of  the  condensation  product  of  the  triketone  with  ammonia, 
the  formula  of  the  silver  salt  is  to  be  expressed  thus : 

6^"i§:l*^C-C0-C.H,.C0,Ag. 


Action  of  Aniline  on  Triketohydrindene. 

Aniline  reacts  with  the  triketone  as  readily  as  does  ammonia,  an:l 
yields  a  yellow  compound  which  separates  in  needles  on  bringing 
the  aqueous  solution  of  the  triketone  into  contact  with  the  base. 
This  substance,  however,  is  very  unstable,  it  darkens  at  78°,  melts 
indefinitely  at  97°  and,  on  heating  with  alcohol,  suffers  a  change 
which  is  indicated  by  a  deep  violet  coloration  of  the  solution.  1 
have  not  yet  further  examined  this  reaction. 

5  C  2 
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Action  of  Potassium  Hydroxide  on  Triketohydrindene. 

If  potassium  hydroxide  (containing  about  15  per  cent.  KOH) 
is  added  to  the  triketone,  the  crystals  turn  yellow,  and  then  dissolve 
to  yield  a  solution  which,  at  first,  is  yellow,  but,  on  keeping  for  a 
short  time  at  the  ordinary  temperature,  becomes  colourless.  The 
result  is,  however,  different  if  one  does  not  wait  until  the  last 
change  occurs,  but  warms  at  once  after  the  addition  of  the  alkali 
to  the  triketone;  under  these  conditions,  a  deep  blue  solution  is 
formed,  which  retains  its  colour  even  on  boiling,  but  becomes 
colourless  on  dilution  with  water,  and  then  does  no  longer  reduce 
alkaline  copper  oxide.  The  interpretation  of  this  remarkable 
phenomenon  I  hope  to  be  able  to  give  in  my  next  paper  on  triketo- 
hydrindene. 

Diphenylhydrazone  of  Triketohydrindene,  C9H40(IN'NH*C(jH5)2. 

This  compound  is  formed  on  adding  phenylhydrazine  to  the 
solution  of  the  triketone  in  acetic  acid;  after  a  short  time,  a  red, 
crystalline  solid  separates,  which  dissolves  in  a  large  quantity  of 
boiling  alcohol,  and,  on  cooling,  crystallises  in  orange  needles, 
melting  at  207—208°: 

0-1737  gave  0-4717  CO2  and  0-0735  HgO.     C  =  74-06;  H=4-70. 

0-1738     „  25-2  c.c.  N2  at  19°  and  755  mm.     N  =  16-56. 
CgiHieON^  requires  C  =  74-12;  H=4-70;  N  =  16-47  per  cent. 

The  dihydrazone  dissolves  in  cold  concentrated  sulphuric  acid  to 
yield  a  deep  brown  solution,  which  turns  indigo-blue  on  the  addition 
of  a  trace  of  potassium  dichromate. 

Disemicarhazone    of  Triketohydrirulene,    C9H40(IN*NH*CO'NH2)o. 

On  mixing  aqueous  solutions  of  the  triketone  (1  gram)  and  semi- 
carbazidc  hydrochloride  (2  grams),  an  orange  coloration  is  produced, 
and  a  yellow  solid  soon  begins  to  separate.  The  reaction  is  com- 
plete after  keeping  the  mixture  at  the  ordinary  temperature  for  a 
day.  The  substance  is  sparingly  soluble  in  water  or  alcohol,  and 
crystallises  from  these  solutions  in  microscopic,  yellow  needles, 
vhich  darken  at  175°  and  melt  at  208°  with  evolution  of  gas: 

0-1620  gave  43-4  c.c.  Ng  at  20°  and  758  mm.     N  =  30-55. 
CiiHioOgNg  requires  N  =  30'66  per  cent. 

Action  of  Hydroxylamine  on  Triketohydrindene. 

This  reaction  takes  place  if  the  aqueous  solution  of  the  mixture 
of  triketohydrindene  hydrate  (1  gram)  and  hydroxylamine  hydro- 
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chloride  (2  grams)  is  kept  at  the  ordinary  temperature;  a  white 
solid  is  gradually  formed,  and  after  three  days  the  separation  is 
complete.  The  solid  is  sparingly  soluble  in  water  or  alcohol,  but 
separates  very  slowly  from  these  solutions  in  the  form  of  an 
amorphous  powder,  which  dissolves  in  potassium  hydroxide  to  yield 
a  red  solution,  and  melts  at  174°  with  rapid  evolution  of  gas.  This 
product  is  a  mixture  of  oximino-derivatives  of  triketohydrindene ; 
its  chief  constituent  is  the  trioxime,  C9H4(INOH)3 ;  this  is  indicated 
by  the  following  analysis : 

01875  gave  SOS  c.c.  Ng  at  20°  and  755  mm.     N  =  18-66. 
C9H7O3N3  requires  N  =  20'49  per  cent. 

Ketohydrindeno-phenazine, 

N 


On  mixing  equal  weights  of  triketohydrindene  hydrate  and 
o-phenylenediamine,  dissolved  in  hot  dilute  acetic  acid,  a  yellow 
solid  is  precipitated.  This  is  sparingly  soluble  in  cold,  moderately 
so  in  boiling,  alcohol,  and,  on  cooling,  crystallises  in  yellow  prisms, 
which  melt  at  218—219°.     The  yield  is  almost  theoretical: 

01950  gave  0-5550  COg  and  00635  HoO.     C  =  77-62;  H  =  3-62. 

01755     „  18-8  c.c.  N,  at  24°  and  767"^mm.     N  =  12-13. 
CijHgONo  requires  C  =  77-59;  H  =  3-45;  N  =  1207  per  cent. 

In  conclusion,  I  may  state  that  I  am  continuing  the  research  on 
triketohydrindene  as  well  as  the  study  of  the  cyclic  diketonic  com- 
pounds which  stand  in  a  close  relation  to  isatiu. 

UNiVEnsrrY  Chkbiical  LAUonATOBY, 
Cambridge. 


\  XXI 1 1. — The  Constitution  and  Mutarotation  of  Sugar 

Anilides. 

By  James  Colqchoun  Irvine  and  David  McNicoll,  M.A.,  B.Sc. 
(Carnegie  Scholar). 

In  continuation  of  previous  work  (Trans.,  1908,  93,  1429;  1909, 
95,  1545)  on  the  rotatory  powers  and  constitution  of  sugar 
derivatives  containing   nitrogen,  we  have  prepared   and  examined 
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the  anilides  of  tetramethyl  mannose,  tetramethyl  galactose,  and 
trimethyl  rhamnose,  each  of  which  has  been  obtained  crystalline  in 
forms  which  exhibit  extensive  mutarotation.  These  new  compounds 
may  prove  useful  in  the  identification  of  the  parent  sugars,  as, 
whilst  the  latter  are  syrups,  the  anilides  are  readily  crystallised, 
and  their  melting  points  lie  far  apart.  For  comparison,  the  anilides 
of  the  corresponding  unsubstituted  sugars  have  been  re-examined, 
and  these  compounds  have  also  been  isolated  in  mutarotatory 
forms.  As  attempts  to  prepare  anilides  from  tetramethyl  fructose 
and  trimethyl  arabinose  have,  so  far,  resulted  in  the  formation  of 
syrupy  products,  these  compounds  are  not  included  in  the  present 
paper. 

The  optical  behaviour  of  the  compounds  described,  and  the 
rotatory  changes  observed  in  the  course  of  their  formation  show 
that  they  are  comparable  with  glucoseanilide  and  tetramethyl 
glucoseanilide,  and  it  would  thus  appear  that  the  glucosidic  struc- 
ture suggested  for  the  latter  compounds  can  be  generally  applied 
to  the  anilides  of  the  sugar  group.  Owing  to  the  ready  hydrolysis 
undergone  by  such  compounds,  experimental  evidence  bearing 
directly  on  their  constitution  is  difficult  to  obtain,  but  we  have  been 
able  to  apply  the  silver  oxide  reaction  to  the  alkylated  anilides 
now  described,  and  find  that  in  each  case  the  compou.nds  resist  the 
methylating  effect  of  the  reagent  completely.  This  result  is  con- 
sistent with  the  idea  that  the  compounds  in  question  are  y-oxides. 
It  should  be  stated  that  several  cases  are  now  known  in  which  the 
silver  oxide  reaction  is  not  effective  in  alkylating  hydroxyl  groups, 
and  thus  negative  results  obtained  in  this  way  must  be  applied 
with  caution  in  determining  hydroxyl  contents  with  a  view  to 
establishing  constitution,  particularly  where  tertiary  groups  are 
concerned.  From  unpublished  results  obtained  in  this  laboratory, 
it  would  appear  that  ditertiary  glycols  are  either  not  affected  or 
give  only  monomethyl  ethers  (see  also  McK.enzie  and  Wren,  Trans., 
this  vol.,  p.  476),  and  another  example  in  which  the  reagent  gives 
a  negative  result  is  quoted  by  Meldola  and  Hay  (Trans.,  1909,  95, 
1379)  in  the  case  of  a  substituted  phenol.  In  the  present  instance, 
however,  the  results  obtained  by  the  process  are  apparently  valid, 
as,  in  the  event  of  the  compounds  in  question  belonging  to  the 
aldehydic  type,  they  would  contain  an  unsubstituted  secondary 
alcohol  group  in  the  y-position.  Such  groups  are  known  to  undergo 
normal  alkylation  where  the  requisite  solubilities  are  available,  and 
as  we  find  that  mannitol  is  completely  methylated  by  this  reaction, 
there  is  thus  evidence  that  all  secondary  alcohol  groups  in  the 
sugar  residue,  irrespective  of  their  position  in  the  carbon  chain, 
may  be  estimated  by  this  process.     The  possibility  of  applying  other 
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reagents  to  auilides  is  practically  excluded,  as  the  compounds  are 
hydrolysed  with  extreme  ease,  in  some  cases  even  by  heating  with 
90  per  cent,  alcohol,  or  with  unpurified  ether. 

The  details  of  the  mutarotations  are  included  with  the  experi- 
mental part,  and  only  the  principal  results  are  tabulated  below, 
the  figures  being  given  to  the  nearest  whole  numbers. 

Mutarotation  of  Methylated  and  U nmethylated  Anilides. 

Mannose.  Galactose.  Rhaninose.           Glucose, 
[a]^  Unsubstitnted 

anilides...      -172°->-82  -  87 ->     -7  +137 ->  +77   +10* ->  -52 

(pyridine)  (90%  alcohol)  (alcohol)      (methyl  alcohol) 
[a]^'  ilethylated 

auilides...        -98°^  -39  -77->+35  +138^    +7   +224->+47 

(acetone)  (acetone)  (alcohol)      (methyl  alcohol) 

*  Irvine  and  Gilmour,  loc.  cil.  ;  Gilmour,  Proc,  1909,  25,  225. 

Owing  to  solubility  considerations  it  was  necessary  to  make  use 
of  different  solvents  in  determining  the  mutarotations,  and  thus 
accurate  comparison  of  the  results  is  impossible,  but  it  will  be  seen 
that  the  optical  changes  shown  by  corresponding  pairs  of  compounds 
are  of  the  same  order  throughout,  and  that  the  unsubstituted 
anilides  are  thus  brought  into  line  with  the  y-oxidic  anilides 
prepared  from  the  methylated  sugars.  A  qualitative  comparison 
of  the  optical  effect  on  the  parent  sugars  of  glucoside  and  aniline 
formation  respectively,  and  also  of  the  influence  of  methylation  on 
each  class  of  compound,  shows  certain  regularities  which  are 
summarised  below.  The  rotatory  power  of  the  o-form  of  the 
reducing  sugar  is  taken  as  the  basis  of  comparison,  and  the  signs 
+  and  —  represent  an  increase  or  decrease  of  specific  rotation  in 
the  dextro-sense  shown  by  the  corresponding  methylaldosides  and  in 
the  maximum  initial  values  of  the  anilides : 

MaDuose.  Galactose.  Rhainuose.  Glucose. 

Elk'Ct  of  anilide  formation  f      -  -  +  - 

,,       methylation  on  anilide \      +  +  +  + 

,,        a- methylaldoside  formation f       +  +  -  + 

,,       methylation  on  o-methylaldoside  .      \      -  -  -  - 

The  effect  of  anilide  formation  is  thus  uniformly  opposite  to  that 
due  to  o-glucoside  formation,  and  the  same  holds  true  for  the  effect 
of  methylation  on  each  type  of  compound.  The  mutarotatory 
anilides  now  examined  thus  closely  resemble  the  i8-methylglucosides 
so  far  as  optical  considerations  are  concerned. 
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EXPEIIIMKNTAL. 

Tetramethyl  Mannoseanilide. 

A  30  per  cent,  ethyl-alcoholic  solution  of  tetramethyl  mannose 
(Trans.,  1905,  87,  1462)  (1  mol.)  was  boiled  with  an  excess  of 
aniline  (8  mols.)  for  three  hours.  After  removal  of  the  solvent 
and  excess  of  the  base  by  evaporation  under  diminished  pressure,  a 
dry,  crystalline  solid  remained,  which  was  recrystallised  from 
petroleum  of  high  boiling  point.  The  anilide,  which  was  thus 
obtained  in  almost  quantitative  amount,  consisted  of  slender 
prisms,  melting  at  142 — 143°  : 

Found,  C  =  61-51;  H  =  819;  OMe  =  38-59. 

Ci2Hi30N(OMe)4   requires  C  =  61-74;    H  =  8-04; 
OMe  =  39-87  per  cent. 

The  compound  was  readily  dissolved  in  the  cold  by  all  ordinary 
organic  solvents  with  the  exception  of  light  petroleum.  Although 
perfectly  stable  when  exposed  in  air,  the  compound  was  very  easily 
hydrolysed.  Even  boiling  with  commercial  ether  was  sufficient  to 
decompose  it  completely  into  its  constituents.  It  was  thus  necessary 
to  use  specially  purified  reagents  in  the  preparation  and  manipula- 
tion of  the  compound. 

The  optical  changes  shown  by  the  compound  in  solution  are 
greatly  accelerated  by  the  presence  of  traces  of  catalysts,  and  arc 
not  detectable  unless  special  precautions  are  taken  to  clean  the 
polarimeter  tube  and  its  accessories. 

Solvent.  c.  Initial  [o]2o°.  Final  [o]2»°. 

Methyl  alcohol 2-161  -87-9°       — >■  -8-3°' 

Acetone 2-031  -95-5        — >         -389 

In  the  case  of  the  solution  in  methyl  alcohol,  mutarotation  pro- 
ceeded spontaneously,  and  was  generally  complete  in  three  to  four 
hours.  On  the  other  hand,  the  acetone  solution  preserved  a 
constant  rotatory  power  until  a  trace  of  acid  was  added.  Apparently 
a  different  equilibrium  is  established  in  the  two  solvents,  judging 
from  the  greater  difference  shown  by  the  end  points  as  compared 
with  the  initial  values. 

Mannos  eanilidc . 

The  following  process  proved  most  effective  for  the  rapid  pre- 
paration of  this  compound.  Fifteen  grams  of  the  sugar  (1  mol.) 
were  dissolved  in  boiling  methyl  alcohol,  and  45  grams  of  aniline 
(6  mols.)  were  then  added.  The  separation  of  the  crystalline 
product  commencccT  almost  immediately,  and  after  boiling  for  half 
au  hour   the   reaction   was   complete.      The  yield    was    practically 
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quantit-ative,  and  the.  compound  separated  in  the  pure  state,  as 
repeated  crystallisation  from  boiling  water  had  no  effect  on  the 
melting  point  or  specific  rotation  : 

Found,  C  =  56-30;  H  =  6-98;  N  =  5-41. 

CjaHj^OjN  requires  C  =  56*47;  H  =  6-67;  N  =  5-49  per  cent. 

Mannoseanilide  crystallises  in  rectangular  prisms,  melting  with 
complete  decomposition  at  181°.  The  compound  is  insoluble  in  all 
ordinary  solvents,  with  the  exception  of  pyridine  and  boiling  water. 
The  mutarotation  observed  in  pyridine  solution  (c  =  2)  was 
[a]'^'  -178-5°  -^    -81-5°. 

In    order  te    obtain,    if   possible,    a  specimen    of    the  compound 

showing  mutarotation  in  the  opposite  direction,    the   anilide   was 

also  prepared  by  the  method  of  slow  condensation  in  the  cold.     A 

5  per  cent,  solution  of  mannose  in  85  per  cent,  alcohol  was  prepared 

at  the  boiling  point  of  the  solvent,  and  kept  for  eight  hours  until 

the  rotation   at  20°   was   constant.     Aniline    (8   mols.)    was   then 

added,  and  polarimetric   readings   of   the  solution  were  taken,   at 

first    every    few   minutes    and"  afterwards    at   intervals   of    fifteen 

minutes.     The   curve  representing   the    optical  changes  showed    a 

perfectly  regular  change  from  dextro-  to  laevo-rotation.     Some  of 

the  results  are  appended: 

Time,  in  minutes,  from  first  reading  0  10  70  120  215 

Specific  rotation    +23-7°     +180°     +0-0°      -12  3"      -31-4° 

No  further  readings  beyond  the  last  mentioned  were  possible,  as 
a  quantity  of  the  product  suddenly  crystallised  in  the  polarimeter 
tube.  The  filtrate  was  now  dextro-rotditory,  and  the  specific 
rotation,  calculating  c  by  subtracting  the  weight  of  sugar  contained 
in  the  separated  anilide  from  that  originally  present  in  solution, 
was  now  +  240°,  a  value  equal  to  that  observed  at  the  beginning 
of  the  condensation.  The  same  held  true  for  the  removal  of  sub- 
sequent crops  of  the  product,  the  specific  rotation  of  the  mother 
liquor,  calculated  as  above,  always  showing  a  return  to  the  initial 
value,  indicating  that  uncondensed  sugar  in  the  equilibrium  con- 
dition was  the  only  active  constituent  in  the  filtrate.  This 
behaviour  brings  the  condensation  into  line  with  the  formation  of 
the  alkylmannosides,  where,  similarly,  only  one  stereoisomeride  is 
produced.  All  the  crops  of  the  anilide  had  the  same  melting  point 
(181°),  and  showed  the  same  mutarotation  in  pyridine  solution  : 

Initial  [alf .  Final  [a]^. 

First  crop  -171 '8"  — >  -82-0° 

Final   „  17r0  — >■  81  2 

There  is  thus  evidence  for  the  production  of  only  one  form  of 
mannoseanilide  irrespective  of  whether  the  condensation  is  con- 
ducted slowly  in  ethyl   alcohol  or  at  the  boiling  point  of  methyl 
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alcohol,  and  although  mutarotatiou  indicates  the  existence  of  a 
second  form,  all  attempts  failed  to  isolate  this  isomeride  or  a 
mixture  of  the  two  forms  showing  downward  mutarotation  in  the 
dextro-sense.  A  solution  in  pyridine,  which  had  attained  the 
constant  specific  rotation  —81 '5°  when  evaporated  to  dryness  under 
diminished  pressure,  yielded  the  equilibrium  mixture  [a]^"  -  81'(>" 
in  the  crystalline  state.  When  heated  with  solvents,  this  was 
rapidly  converted  into  the  mutarotatory  Igevo-form. 

Tetramethyl  Galactoseanilide. 

This  compound,  prepared  from  tetramethyl  galactose  (Irvine 
and  Cameron,  Trans.,  1904,  85,  1071),  is  sparingly  soluble  in  ethyl 
alcohol,  from  which  it  separates  in  rectangular  prisms,  melting  at 
192°.     The  yield  is  quantitative  : 

Found,  C  =  61-60 ;  H  =  SSO ;  OMe  =  38-65. 

Ci2Hi30N(OMe)4   requires  C  =  61-74;   H-8-04; 
OMe  =  39-87  per  cent. 

The  compound  resembled  the  other  alkylated  anilides  examined, 
with  the  exception  that  it  is  much  more  sparingly  soluble  in  the 
usual  solvents.  The  optical  rotations  were  accordingly  observed  in 
acetone  solution  at  30°.  The  mutarotation  then  observed  in  a 
1  per  cent,  solution  was  [aj^  -77-1°  — >    +37-7'". 

Galactoseanilide. 

Sorokin  (/.  Buss.  Phys.  Chein.  Soc,  1886,  18,  129)  describes  the 
preparation  of  this  compound,  and  states  that  it  melts  at  147°. 
Various  specific  rotations  for  the  substance  are  quoted,  the  value 
—  33-1°  being  given  for  methyl  alcohol,  and  —31-3°  for  a  solution 
in  90  per  cent,  ethyl  alcohol.     These  values  are  now  corrected. 

A  6  per  cent,  solution  of  galactose  (1  mol.)  in  90  per  cent,  ethyl 
alcohol,  containing  excess  of  aniline  (5  mols.),  was  prepared  at  the 
boiling  point  of  the  solvent.  When  the  sugar  had  completely 
dissolved,  the  solution  was  concentrated  to  half  volume  and  pre- 
cipitated with  dry  ether.  Galactoseanilide  was  thus  obtained  in 
good  yield,  and,  after  recrystallisation  from  dilute  alcohol,  the 
compound  melted  with  slight  decomposition  at  151°.  Mutarotation 
was  only  detected  with  difficulty,  as  the  compound  is  sparingly 
soluble,  and  in  the  preparation  of  the  solutions  for  observation  of 
the  rotatory  power,  gentle  warming  of  the  solvent  is  necessary  so 
that  readings  may  be  taken  without  delay : 

Solvent.  c.  Initial  [a]^.  Final  [a]*'*. 

90  per  cent,  ethyl  alcohol    ...  2-325  -SGO"       — >■  -6-88° 

90        ,,           „         ,,          ...  2-294  88-6        — >■  6-97 

Methyl  alcohol  0-507  76*9        — >■  31-60 
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The  low  concentration  used  in  the  case  of  the  methyl-alcoholic 
solution  is  explained  by  the  fact  that  in  this  case  solution  was 
effected  in  the  cold.  With  c  =  r687,  the  solvent  had  to  be  warmed 
before  solution  was  complete,  and  practically  no  mutarotation  wa-s 
detected.  It  is  thus  evident  that  the  specific  rotations  previously 
found  for  this  substance  are  reliable  only  so  far  as  the  permanent 
value  in  methvl  alcohol  is  concerned.  On  the  other  hand,  the 
rotations  quoted  in  the  literature  for  ethyl-alcoholic  solutions 
evidently  represent  intermediate  values  observed  before  muta- 
rotation was  complete. 

The  progress  of  the  condensation  of  galactose  with  aniline  was 
followed,  as  usual,  polarimetrically,  the  customary  excess  of  aniline 
being  added  to  a  5  per  cent,  solution  of  the  sugar  in  65  per  cent, 
alcohol.  The  condensation  at  first  proceeded  very  rapidly,  and 
after  six  hours  the  solution  was  laevorotatory.  The  rotation  became 
constant  aft-er  eight  days,  but  as  the  curve  representing  the  optical 
changes  was  perfectly  regular,  no  indication  was  obtained  of  the 
formation  of  the  dextrorotatory  form  of  the  anilide. 

Trimethyl  Rhamnoseanilide. 

This  compound  was  readily  obtained  from  trimethyl  rhamnose 
by  the  method  already  described  for  the  preparation  of  tetramethyl 
mannoseanilide.  The  product  was  recrystallised  from  light 
petroleum,  and  was  then  obtained  in  needles,  melting  at  111 — 113°: 

Found,  C  =  63-90;  H  =  8-21;  OMe  =  32-5. 
C,oH,<0N(0Me)3  requires  C  =  64-01;  H=8-25;  OMe  =  33-l  per  cent. 

The  compound  displayed  the  usual  solubilities  of  alkylated 
anilides,  was  very  easily  hydrolysed,  and  showed  extensive  muta- 
rotation : 

Solvent.  c  Initial  [a]f.  Final  [o]f . 

Ethyl  alcohol 11840  +138-5°       — >■         +16-9° 

Ac*rtone   12150  138-3        — >■  46-9 

From  the  identity  of  the  initial  rotations  and  the  divergence 
shown  by  the  permanent  values,  it  would  appear  that  a  different 
equilibrium  is  attained  in  the  two  solvents. 

Rhamnoseanilide. 

This  compound  has  already  been  prepared  by  Rayman  and  Kruis 
{Bull.  Soc.  chim.,  1887,  [ii],  48,  463),  who  describe  it  as  melting 
at  118°.  No  rotation  values  are  quoted,  the  statement  merely  being 
made  that  the  compound  is  dextrorotatory.  A  20  per  cent,  ethyl- 
alcoholic  solution  of  anhydrous  rhamnose  was  boiled  with  aniline 
(5  mols.)  for  one  and  a-half  hours,  the  product  being  isolated  as 
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in  the  case  of  mannoseanilide.  The  anilide  was  crystallised  from  a 
mixture  of  alcohol  and  light  petroleum,  and  consisted  of  rectangular 
prisms,  melting  at  144° : 

Found,  C  =  60-15;  H  =  7-32;  N  =  5-74. 
C12HJ7O4N  requires  C  =  60-25;   H  =  7-32;  N=-5-85  per  cent. 

The  observed  mutarotation  in  absolute  alcohol  was  [a]D°  +  95-8° — >- 
76-0°  Eecrystallisation  from  ethyl  acetate  effected  a  better  separation 
of  the  mutarotatory  forms,  the  maximum  rotation  changes  then  ob- 
served being  [a]o°+ 136-9° — >■  77-1°.  Experiments  conducted  with 
the  object  of  separating  the  form  showing  the  converse  change  gave 
negative  results. 

Polarimetric  Examination  of  the  Condensation. — All  the 
materials  used  were  anhydrous,  and  precautions  were  taken  to 
prevent  the  access  of  moisture  during  the  process.  This  was 
necessary  to  prevent  the  optical  changes  being  complicated  by  the 
addition  of  water  to  the  anhydrous  sugar.  An  8  per  cent,  solution 
of  dry  rhamnose  in  absolute  ethyl  alcohol  containing  24  per  cent, 
of  aniline  was  prepared  at  20°  and  kept  in  the  dark.  The  initial 
specific  rotation,  calculated  on  the  weight  of  sugar  present,  was 
—  5-4°.  In  one  hour  the  solution  was  dextrorotatory,  and  in  forty- 
eight  hours  the  process  was  complete.  The  curve  representing  the 
optical  changes  was  regular,  and  this  was  also  the  case  when  the 
reaction  was  carried  out  at  50°  with  a  more  concentrated  solution 
of  the  sugar  (20  per  cent.).  In  each  case,  however,  the  curve 
indicated  that  the  form  showing  upward  mutarotation  in  the 
dextro-sense  was  the  first  to  be  produced. 

We  take  this  opportunity  of  expressing  our  indebtedness  to  the 
Carnegie  Trust  for  a  research  grant  in  aid  of  the  investigation. 

Chemical  Reseakcii  Laboratory, 

UNriED  College  of  St.  Salvator  and  St.  Leonard, 

Umiversh-y  of  St.  Andrews. 


CXXXIV. — Condensations   of   Phenanthraquiyione  with 
Ethyl   Malo7iate  and  Ethyl  Acetoacetafe. 

By  Marion  Brock  Richards  (Carnegie  Scholar  in  the  University 

of   Aberdeen). 

Japp  and  Wood  (Trans.,  1905,  87,  712)  described  some  con- 
densations of  phenanthraquinone  with  ketonic  compounds  under 
the  influence  of  acetic  anhydride  containing  a  little  concentrated 
sulphuric  acid. 
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The  condensation  products  of  phenanthraquinone  with  ethyl 
malonate  and  with  ethyl  acetoacetate,  of  which  mention  was  made 
in  that  paper,  have  now  been  further  investigated. 

Condensation  of  Phenanthraquinone  with  Ethyl  Malonate. 

Fifty  grams  of  finely  powdered  phenanthraquinone  (free  from 
anthraquinone  *),  100  grams  of  ethyl  malonate,  200  grams  of  acetic 
anhydride,  and  30  grams  of  concentrated  sulphuric  acid  were 
heated  to  50°  for  seven  days.f  The  crystals  which  had  separated, 
and  the  mother  liquor,  each  yielded  a  condensation  product. 

Ethyl    2-Keto-S-acetoxyA  :  5-dipheni/lene-2  :  Z-dihydrofuran- 

„       ,        ,         C.H,-C — C(CO,Et)-OAc  ,  ,ao-o^ 

Z-carhoxylate,    \^^\^^^^^^     ^     '  (m.  p.  163-.)°). 

6      4 

The  foregoing  crystals,  after  recrysta.llisation  from  alcohol,  yielded 
white,  glistening  scales,  melting  at  163'5°.  From  benzene,  on  the 
addition  of  light  petroleum,  the  subst-ance  crystallised  in  clusters  of 
flat  needles.     The  yield  was  29  grams : 

0-2036  gave  05148  CO,  and  00800  HoO.     C  =  6896 ;  H  =  4-37. 
ajHieOe  requires  0  =  6923;  H  =  4-40  per  cent. 

Ethyl  Phenanthroxylacetoxymalonate, 
QH.-CH-C(C02Et),-0Ac    ,  .^n  rox 

C  H  -CO  ^°'-  P-        ^    ^- 

6      4 

The  acetic  anhydride  mother  liquor,  after  treatment  with  water 
and  alcohol,  yielded  a  substance  which  crystallised  from  ether  in 
large,  white,  lustrous  prisms,  and  from  alcohol  partly  in  prisms 
and  partly  in  fine  needles,  each  form  melting  at  1095° : 

0-2013  gave  04963  CO.,  and  00973  HoO.     0  =  6724  ;  H=5-37. 
O23H20O7  requires  0  =  6732  ;  H  =  537  per  cent. 

When  this  substance  was  treated  at  50°  with  the  mixture  of 
acetic  anhydride  and  sulphuric  acid,  white  crystals  separated,  which 
after  recrystallisation  from  alcohol  melted  at  163-5°,  and  were 
identified  by  a  mixed  melting-point  test  as  the  foregoing  compound, 
CjiHjgOg,  showing  that  the  present  compound  is  an  intermediate 
stage  in  the  formation  of  the  previous  one. 

The  formation  of  these  compounds  may  be  explained  on  the 
assumption  that  the  unknown  ethyl  phenanthroxylenemalonate  (I) 

*  The  phenanthraquinone  used  for  these  reactions  most  be  purified  by  means  of 
the  sodium  hydrogen  sulphite  compound,  as  some  of  the  products  are  almost  im- 
possible to  separate  from  the  anthraquinone  which  will  otherwise  contaminate  them. 

t  If  the  usual  proportion  of  sulphuric  acid  is  employed,  namely,  3  grams  of  acid 
to  lOO.grams  of  acetic  anhydride,  the  condensation  takes  much  longer. 
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is  first  formed;  this  compound  then  unites  with  acetic  acid,   and 
the  additive  compound  (II)  loses  alcohol : 

CeH,-C:C(C02Et)2    c.H,o,    CeH,.CH-C(CO,Et)-OAc  _^,ob 

CgH^-CO  ^    CgH^-CO  COgEt  ^ 

(I.)  (II)  M.  p.  109-5°. 

C.H^-C— C(C02Et)-0Ac 

CgH^-C-O-CO 

M.  p.  163-5° 
I 

2-Keto-4: :  h-diphenylene-2  :  Z-dihydrofuran, 

CgH^-C-O-CO    '^    •  P-  ' "  A 

Fifteen  grams  of  the  substance  C2iHj60g  (m.  jd.  163-5°),  12  grams 
of  red  phosphorus,  and  100  grams  of  hydriodic  acid  (D  1*7)  were 
boiled  together  for  four  hours  under  reflux.  The  solid  substance 
was  extracted  first  with  ether,  and,  on  evaporating  oflp  the  ether,  a 
small  quantity  of  substance  was  obtained  which  crystallised  from 
benzene  in  needles.  The  residue  was  then  extracted  with  boiling 
benzene,  and  from  this  extract  there  separated  clusters  of  long, 
silky,  colourless  needles,  melting  at  177°.  The  yield  was  about 
8^  grams: 

0-1476  gave  0*4447  COg  and  0*0575  HgO.     C  =  82*17;  H  =  4-33. 
CjeHjoOg  requires  C  =  82-05;  H  =  4*27  per  cent. 

9-Hpdroxy-lO-phenanthrylacetic  A cid, 

The  lactone  was  dissolved  in  aqueous  potassium  hydroxide  on 
the  water-bath,  the  solution  acidified  with  hydrochloric  acid,  and 
the  precipitated  acid  collected  and  dried  at  100°.  The  yield  was 
quantitative.  The  acid  was  difficult  to  purify  by  recrystallisation, 
as  the  solutions  very  readily  oxidised,  turning  green  or  orange- 
coloured.  For  analysis  it  was  crystallised  from  a  mixture  of  acetone 
and  benzene,  from  which  it  was  obtained  in  colourless  prisms.  It 
melted,  when  rapidly  heated,  at  182 — 183° : 

01839  gave  0*5123  COg  and  0*0801  HgO.     C  =  75*98;  H=4*84. 
CioHjgOa  requires  0  =  76*19;  H  =  4*76  per  cent. 

Boiling  with  acetic  anhydride  reconverted  the  acid  into  the 
lactone. 

In   view  of   the   possible   formulation  of   the  acid  as 
C^H.-CH-CHj-COgH 
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the    action     of    hydroxylamine    was    tried,    but    no    oxime     was 
obtained. 

That  the  acid  contains  a  phenolic  hydroxyl  group  is  shown  by  the 
fact  that  the  monopotassium  salt,  which  is  sparingly  soluble  in  water, 
readily  dissolves  in  excess  of  potassium  hydroxide,  doubtless  yield- 
ing the  dipotassium  salt.  From  this  solution  carbon  dioxide  re- 
precipitates  the  monopotassium  salt. 

The  salts  of  the  acid,  like  the  acid  itself,  decomposed  very  readily. 
The  silver  salt  turned  dark  soon  after  it  was  precipitated,  whilst 
the  sodium  and  barium  salts  decomposed  when  attempts  were  made 
to  recrystallise  them,  and  had  therefore  to  be  analysed  direct. 

Baimm  Salt. — This  salt  was  prepared  by  precipitating  the 
ammonium  salt  with  barium  chloride.     It  was  dried  in  the  air : 

0-3958  lost,  at  110°,  0-0406  HoO.     HoO  =  10-26. 

(Ci6Hii03)oBa,4H20  requires  H2O  =  10-13  per  cent. 

0-3552   anhydrous  salt  gave  0-1324  BaS04.     Ba=  21-93. 
(CigHjj03)2Ba  requires  Ba  =  21-48   per  cent. 

Sodium  Salt. — This  salt  was  prepared  by  boiling  the  acid  with 
a  solution  of  sodium  carbonate.  It  crystallised  in  fine  needles, 
which  were  dried  at  110°: 

0-3905  anhydrous  salt  gave  0-0995  Na2S04.     Na  =  8-25. 
CjcHiiOgNa  requires  Na  =  8-39  per  cent. 

Condensation  of  Phenanthraquinone  with  Ethyl  Acetoacetate. 

The  condensation  of  phenanthraquinone  with  ethyl  acetoacetate 
in  the  presence  of  dilute  aqueous  potassium  hydroxide  has  already 
been  studied  by  Japp  and  Streatfeild  (Trans.,  1883,  43,  28)  and 
Japp  and  Klingemann  (Trans.,  1891,  59,  1);  but  the  results  differ 
entirely  from  those  obtained  by  the  method  here  described. 

Fifty  grams  of  finely  powdered  phenanthraquinone,  80  grams  of 
ethyl  acetoacetate,  200  grams  of  acetic  anhydride,  and  6  grams 
of  concentrated  sulphuric  acid  were  kept  at  about  20°  for  about 
a  fortnight.  The  mixture  was  then  filtered,  15  grams  of  a  brown 
solid  being  obtained.  At  the  slightly  higher  temperature  of  30°, 
the  yield  is  reduced  to  5  grams. 

Ethyl   9-Phenanthroon/lacetoxyacetoacetaie, 
6H4-CH-C(OAe)(COMe)-C02Et 


I 


,H,'(io 


(m.  p.  148°). 


The  brown  solid  was  boiled  with  benzene,  and  the  solution  filtered 
from  a  small  quantity  of  yellow,  insoluble  substance.  The  benzene 
solution  deposited  colourless  prisms,  which  melted  finally  at  148°. 
These  turned  yellow  on  exposure  to  light : 
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0-1991  gave  0-5070  COg  and  0-0946  HgO.     C  =  69-45 ;  H  =  5-28. 
C22H20O6  requires  C  =  69-47;  H=5-26  per  cent. 

Compound,  C22H18O5. — The  sparingly  soluble  yellow  substance  was 
dissolved  in  solvent  naphtha  (b.  p.  164 — 170°),  giving  a  yellow, 
fluorescent  solution,  from  which  there  crystallised  minute,  yellow 
needles,  which  did  not  melt  below  315°.  On  analysis  it  gave  figures 
pointing  to  the  formula  C22H18O5,  but  the  combustion  was  not 
conclusive,  as  the  substance  left  13  per  cent,  of  ash.  Owing  to  the 
difficulty  in  obtaining  the  substance,  no  further  preparation  was 
made: 

0-1313  gave  0-3494  COg  and  0-0550  H2O.     C  =  72-57;  H  =  4-65. 
C22H18O5  requires  C  =  72-93;  H  =  4-97  per  cent. 

Ethyl  phenanthroxylacetoxyacetoacetate,  when  allowed  to  remain 
in  the  cold  with  the  mixture  of  acetic  anhydride  and  sulphuric 
acid,  yielded  the  foregoing  dehydration  product,  C22H]805;  hence 
the  substance  melting  at  148°  is  an  intermediate  stage. 

The  actien  of  the  mixture  of  acetic  anhydride  and  sulphuric  acid 
at    the    ordinary   temperature    on    Japp    and    Streatfeild's    ethyl 

.,1  ...      CfiH,-C(COMe)-CO;Et  ,      ^  .  , 

pnenantnroxyleneacetoacetate,  A Vr  .An  '  ^^  ^^^  tried, 

''6      4 

but  this  yielded  only  the  compounds  C2oH]403  (m.  p.  285°) 
and  C22H18O5  (m.  p.  165 — 171°),  which  Japp  and  Klingemann 
obtained  by  the  action  of  acetic  anhydride  alone  on  this  substance 
at  150°  (Trans.,  1891,  59,  15). 

This  research  was  carried  out  under  Professor  Japp's  supervision, 
and  the  author  wishes  to  thank  him  for  the  interest  he  has  always 
taken  in  the  work. 

Chrhical  Departmknt, 
Univeksitv  of  Aberdeen. 


OX^JN.—lndiruhin.     Part  1. 

By  William  Popplewell  Bloxam  and  A.  G.  Perkin. 

It  is  well  known  that  certain  varieties  of  natural  indigo  contain  a 
considerable  quantity  of  indirubin,  and  it  is  probable  (Trans.,  1907, 
91,  279)  that  at  least  a  trace  occurs  in  all  samples  of  the  natural 
dyestufF.  That  the  indirubin  originates  from  the  indican  existing 
in  the  leaves  of  the  various  species  of  the  Indigofera  which  are 
employed  in  the  manufacturing  process,  and  is  due  to  no  second 
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constituent  of  the  plant  is  now  certain,  and  its  production  is  to  be 
explained  in  all  cases  as  due  to  the  condensation  of  isatin  with 
indoxyl  according  to  Baeyer's  equation  {Ber.,  1881,  14,  1745). 
Thus,  it  has  been  clearly  shown  (Trans.,  1909,  95,  830)  that  indigo 
containing  indirubin  can  be  readily  produced  from  crystalline 
indican  by  a  replica  of  the  factory  method,  and  again  an  important 
point  in  this  respect  has  been  the  isolation  of  isatin  itself  froto 
natural  indigo  rich  in  indirubin  (Proc,  1907,  23,  30).  The 
formation  of  the  necessary  isatin  is  favoured  by  special  circum- 
stances, such  as  oxidation  of  the  indoxyl  by  air  in  the  presence  of 
alkali  or  acid,  and  may  also  be  affected  to  some  extent  by  tem- 
perature. Again,  the  fact  that  indoxylic  acid  (Trans.,  1909,  96, 
847)  by  air-oxidation  is  readily  converted,  at  least  in  part,  into 
isatin  has  been  previously  discussed,  and  may  have  some  bearing 
upon  the  production  of  indirubin  during  the  manufacturing  process. 
It  is  most  probable  that  this  so-called  "  secondary  "  oxidation  of 
the  indoxyl  proceeds   according   to  the  following  scheme : 

C6H,<^.^>CH,   ->    C,H,<^^CH.OH  -  >  G,^,<^>GO, 

and  that  it  is  also  indirectly  the  cause  of  the  production  of  indigo- 
brown  (Joe.    cit.). 

With  a  desire  of  studying  in  a  quantitative  manner  the  various 
conditions  which  are  responsible  for  the  formation  of  indirubin 
during  the  manufacture  of  natural  indigo,  samples  of  this  dyestufF, 
which  had  been  prepared  in  the  laboratory  from  pure  indican, 
were  submitted  to  analysis  by  methods  which  are  described  as 
suitable  for  this  purpose.  The  results  were,  however,  not  sufficiently 
accurate  either  in  the  case  of  these  laboratory  products  or  with 
specially  prepared  mixtures  of  the  pure  colouring  matters,  and  it 
was  thus  necessary,  before  proceeding  further  with  the  main  object 
of  the  inquiry,  to  devise,  if  possible,  a  method  better  suited  to  our 
requirements. 

It  is  well  known  that  indirubin  is  much  more  resistant  to 
oxidation  and  reduction  than  indigotin,  properties  wliich  also  apply 
to  the  sulphonic  acids  of  these  colouring  matters.  When  dealing 
therefore  with  the  latter  substances  under  usual  analytical  con- 
ditions, and  employing  either  potassum  permanganate  *  or  tHanium 
chloride,*  the  indigotin  is  to  some  extent  preferentially  attacked. 

Experiments  have  indicated  the  correctness  of  Kopi>eschaar's  statement ;  thus, 
when  20  c.c.  of  a  solution  of  indigotinsulphonic  acid  (1  gram  i)er  litre)  was  treated 
with  ]>ota.ssiuai  permanganate  (1  gram  {H-r  litre)  under  the  conditions  of  concentra- 
tion j.reviously  ^'iven  by  one  of  us  {J.  Soc.  Chem.  Ind.,  1906,  26,  735),  9  c.n.  of  the 
reagent  were  necessary  for  its  dccolorisation,  but,  on  the  other  liand,  for  20  c.c.  of 
indinihinsulphonic  aoid  nf  the  same  strength  but  7"28c.e.  were  required,  altliough 
the  o.\idation  in  the  latter  case  was  of  a  slower  character.  Curiously  enoiigh,  witli 
VOL.    XCVII.  5    I) 


1462  BLOXAM   AND   PERKIN  :    INDIRUBIN.      PART   1. 

SO  that  towards  the  end  of  the  operation  the  colouring  matter 
consists  entirely  of  indirubinsulphonic  acid.     In  the  case,  however, 

a  mixture  of  6qual  parts  of  the  two  sulphonic  acids,  25  c.c.  in  all,  the  total  con- 
sumption of  permanganate  was  greater  than  that  required  for  the  sum  of  the  two 
constituents  (Found,  10'65  c.c.  Theory  requires  10'17).  Again  the  amount  of 
reagent  employed  up  to  the  disappearance  of  the  blue  coloration  was  6 '2  c.c.  (theory 
requires  5 '12  c.c),  so  that  these  figui'es  indicate  that  the  original  solution  contained 
60  5  per  cent,  of  indigotin,  45  "15  per  cent,  of  indirubin,  a  total  of  105  "65  per  cent., 
instead  of  the  amounts  above  stated.  It  is  evident,  therefore,  that  tlie  perman- 
ganate does  not  discriminate  quantitatively  between  the  blue  and  red  sulphonic 
acids,  and  could  not,  therefore,  be  employed  for  this  purpose,  or  for  tlie  estimation 
of  the  total  quantity  of  mixed  colouring  matters  present.  The  cause  of  the  latter 
discrepancy  originates  from  the  slow  oxidation  of  the  indirubinsiilphonic  acid  by 
the  permanganate,  which  admits  of  the  simultaneous  further  degradation  of  the 
decomposition  products  of  the  indigotin  which  have  been  produced  at  the  earlier 
stage  of  the  process. 

The  action  of  potassium  permanganate  on  solutions  of  the  indigotinsulphonic 
acids  is  of  interest,  because  the  amount  of  the  reagent  necessary  for  the  decolorisa- 
tion  of  the  liquid  varies,  to  some  extent,  with  its  concentration,  and  this  point  has 
been  alluded  to  by  Rawson  (A  Dictionary  of  Byes,  Mordants,  etc.,  by  Rawson, 
Gardner,  and  Laycock,  1901,  187).  It  has  been  found,  for  instance,  at  the  con- 
centration employed  by  one  of  us,  and  which  is  identical  with  that  recommended  by 
Badische  Anilin-  und  Soda-Fabrik  (Chemistry  of  Pure  Indigo,  B.A.S.F.  brochure, 
1900),  that,  under  these  conditions,  1  gram  of  indigotin  as  sulphonic  acid  requires 
0"45  gram  of  permanganate  for  decolorisation,  whereas  the  equation  : 

5C16H10O2N2  +  4KMn04  +  GHaSO^^:  lOCsHsOaN  +  2K2SO4  +  4MnS04-l-  6H2O 

implies  that  0*4824  gram  of  the  reagent  is  necessary.  It  is  evident,  therefore,  that 
this  oxidation  is  of  a  complex  nature,  and  either  consists  of  two  distinct  stages  in 
the  formation  of  isatinsulphonic  acid  or  of  two  distinct  reactions  involving  the 
production  of  the  two  separate  substances.  As  regards  the  first  suggestion,  it  is 
possible  that  the  isatin  formation  would  be  preceded  by  that  of  an  intermediate 
compound  (I),  or  that  by  the  latter  in  addition   to   isatin,  a   dehydroindigotin- 

0 

C6H4<^H>C-C<^^>CeH4  C6H4<Q^>C-C<^Q>CeH, 

(I.)  (II.) 

sulphonic  acid  (II)  is  fonned.  In  case  the  first  product  of  the  reaction  consists 
entirely  of  deliydroindigotin,  this  must  jtrior  to  further  oxidation  to  isatin  take  up 
two  molecules  of  water  with  formation  of  dihydroxyindigotin, 

C«H4<gg>C(OH)-C(OH)<;^g)C«H4. 

but  there  is  at  jjresent  no  evidence  on  tliis  point.  Very  striking  in  tliis  ros|iect  is 
the  small  amount  of  permanganate  required  for  the  decolorisation  of  indirubin- 
sulphonic acids,  and  a  similar  explanation  is  hero  available.  Either,  therefore, 
the  compound  (III)  or  the  unknown  dchydroindimbin  (IV)  is  produced  in  the  form 

(III.)  (IV.) 
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of  the  former  reagent,  it  has  been  stated  by  Koppeschaar  {Zeitsch. 
anal.  Ghem.,  1899,  38,  1)  that  it  is  not  possible  to  obtain  trust- 
worthy figures  with  indigos  in  which  some  quantity  of  indirubin  is 
present,  and  Rawson  (/.  Soc.  Chem.  Ind.,  1899,  18,  252),  although 
not  so  emphatic  on  this  point,  considers  that  it  is  not  easy  in  this 
manner  to  obtain  accurate  results.  On  the  other  hand,  it  is  usual 
to  separate  the  more  soluble  indirubin  from  the  indigo  by  a  process 
of  extraction,  and  for  this  purpose  ether  (Rawson,  loc.  cit.),  acetone 
(Gardner  and  Denton,  J.  Soc.  Dyers),  and  acetic  acid  (Koppeschaar, 
loc.  cit.)  have  been  recommended.  Rawson's  statement  that 
indirubin  is  easily  soluble  in  ether  can  only  apply  to  the  crude 
commercial  solvent,  for  it  was  ascertained  by  experiment  that  the 
pure  liquid  dissolves  but  a  trace  of  this  colouring  matter.  In  a 
criticism  of  Rawson's  process,  Gardner  and  Denton  {loc.  cit.)  state 
that  the  amount  of  indirubin  estimated  depends  greatly  on  the 
length  of  time  the  extraction  proceeds,  and  that  even  after  three 
hours'  boiling  the  indirubin  is  not  completely  extracted  from  the 
indigo.  Experiments  with  this  method  fully  corroborated  the 
objections  raised  by  the  latter  authors,  and,  moreover,  the  ethereal 
extract  of  the  colouring  matter  prepared  according  to  Rawson's 
directions  was  of  a  purple-blue  colour,  and  was  not  easily  com- 
parable with  the  standard  solution  of  indirubin  in  ether.  Curiously 
enough,  pure  acetone  was  found  also  to  exert  but  little  solvent 
action  towards  indirubin,  and  thus  it  appears  evident  that  the 
active  agent  in  both  the  so-called  ether  and  acetone  methods  consists 
in  reality  of  the  alcoholic  impurity  which  is  present  in  the  com- 

of  its  sulphonic  acid.  It  i.s  con.sidered  probable  that  the  dehydroindigotiii  and 
dehydroindiiiibin  formation  occurs  in  these  respective  instances. 

On  the  other  hand,  with  titanium  chloride,  and  employing  the  process  according 
to  the  details  previously  given  by  one  of  us,  it  was  found  that  tliis  reagent  behaves 
ill  an  identical  manner  towards  both  indigotin-  and  indirubin-sulphonic  acids,  and 
that  the  consumption  in  each  case  is  identical.  Moreover,  numerous  trials  carried 
out  with  mixtures  of  the  pure  sulphonated  colouring  matters  indicated  that  the 
amount  of  the  reagent  required  was,  in  all  cases,  equal  to  the  sum  of  that  theoretic- 
ally necessary  for  each  constituent.  This  is  clearly  indicated  by  the  following 
results : 

Indigotin-       Indirubin-        Present,  Found, 

disulphonic     disulphonic    indigotin -f-  indigotin -»-  Found, 

acid(c.c. ).      acid  (c.c. ).  indirubin,  gram,  indirubin,  gram,      i^er  cent. 

1  15         -f         10  0-0250  0  02497  99-90 

2  10         -H         15  0-0250  002505  100-21 

3  20-1-5  0  02.50  002512  100-50 

4  5         -h         20  0  0250  0  02494  99-77 

It  was  foand,  however,  that  it  was  not  ix)s.sible  by  means  of  this  reagent  to 
differentiate  in  a  quantitative  manner  as  to  the  amount  of  each  of  the  suljdionated 
colouring  matters  which  were  present  in  the  mixttire.  Although,  during  the  reaction, 
the  blue  colour  of  the  liquid  disa]>pcar8  an<l  a  red  stage  is  ultimately  reached,  this 
only  occurs  before  the  final  transition  to  bright  yellow. 

5  D  2 
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mercial  liquids.  Indeed,  it  is  pointed  out  by  Gardner  and  Denton 
that  the  quality  of  the  acetone  used  is  of  importance.* 

It  is  probable  therefore  that  the  failure  of  experiments  to  give 
satisfactory  results  by  the  use  of  the  latter  method  was  occasioned 
to  some  extent  by  the  nature  of  the  commercial  acetone 
(Kahlbaum's)  which  was  employed.  Thus,  the  addition  of  the 
aqueous  salt  solution  to  the  acetone  extract  of  the  indigo  in  the 
manner  recommended  by  these  authors  for  the  precipitation  of 
impurities  unfortunately  also  caused  the  deposition  of  indirubin 
itself,  and,  on  the  other  hand,  it  was  observed  that  a  precipitation 
of  the  dissolved  indigotin  from  the  acetone  in  this  manner  was  far 
from  complete.  Finally,  in  regard  to  both  the  ether  and  acetone 
processes,  no  account  is  given  by  their  authors  of  attempts  to 
standardise  their  processes  with  mixtures  of  the  pure  colouring 
matters,  and  their  accuracy  does  not  therefore  appear  to  have  been 
submitted  to  experimental  proof. 

That  indirubin  can  be  completely  extracted  by  means  of  boiling 
acetic  acid  has  already  been  shown  in  a  previous  communication 
{loc.  cit.),  and  on  this  account  Gardner  and  Denton's  statement 
(loc.  cit.)  that  Koppeschaar's  process  is  inconvenient  on  account  of 
the  apparent  insolubility  of  the  colouring  matter  in  glacial  acetic 
acid  and  the  imjDOSsibility  of  completely  extracting  it  from  indigo 
is  difficult  to  understand.  Experiments  with  this  method  gave 
fairly  satisfactory  results,  for,  employing  a  mixture  of  99  parts  of 
pure  indigotin  and  1  part  of  indirubin,  the  actual  figures  obtained 
were  indigotin  97'36,  and  indirubin  0"976  per  cent.  In  carrying 
out  the  process,  however,  it  was  discovered  that  in  addition  to 
indirubin  the  acetic  acid  also  removes  a  small  quantity  of  indigotin 
from  the  indigo,  and  for  trustworthy  figures  a  standard  acetic  acid 
solution  of  the  latter  colouring  matter  in  addition  to  that  of  indigo- 
red  is  necessary.  Considerable  discomfort  is,  however,  occasioned 
by  the  employment  of  the  glacial  acetic  acid  in  open  vessels, 
although  it  is  probable  that  with  certain  modifications  this  and 
other  minor  objections  to  the  method  could  be  overcome. 

It  has  been  previously  pointed  out  (Trans.,  1907,  91,  279)  that 
pyridine  is  an  excellent  solvent  for  indirubin  and  also  for  indigo- 
brown,  whereas  in  regard  to  indigotin  its  power  in  this  respect  is 
very  limited,  and  it  thus  appeared  possible  that  an  analytical  method 
based  on  the  employment  of  this  liquid  could  be  devised.  A  neces- 
sary feature  of  such  a  process  was  obviously  to  avoid  the  use  of  open 

*  III  this  paper,  tlie  statement  occurs  that  indigo- brown  is  soluble  in  acetone. 
As  the  main  constituent  of  indigo-brown  (Trans.,  1907,  91,  279)  is  practically 
insoluble  in  all  solvents  with  the  exception  of  pyridine,  tins  can  only  refer  to  th.' 
truce  of  the  more  soluble  compound  which  is  present  in  ihi.n  mixture. 
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vessels,  and  after  rejieated  trials  this  was  ultimately  effected  by  the 
process  described  in  the  following  pages. 

The  qualitative  examination  of  indigo  for  indirubin  is  readily 
effected  by  digesting  the  finely-divided  dyestuff  for  a  few  seconds 
with  a  small  amount  of  boiling  pyridine.  Employing,  for  instance, 
a  mixture  of  pure  indigotin,  99  per  cent.,  and  pure  indirubin,  1  per 
cent.,  a  deep  red  extract  was  obtained  in  this  manner,  containing 
but  a  trace  of  blue,  whereas  with  indigotin,  99'999  per  cent.,  and 
indirubin,  0001  per  cent.,  the  supernatant  liquid  was  of  a  purple-red 
colour.  In  the  case  of  natural  indigos,  the  colour  of  the  indirubin, 
if  present  in  the  pyridine  extract  in  but  limited  amount,  may  be 
masked  to  some  extent  by  the  presence  of  indigo-brown.  To  remove 
the  latter,  the  pyridine  solution  is  poured  into  a  small  quantity  of 
methylated  ether,  and  the  mixture  agitated  with  dilute  sodium 
hydroxide  solution.  The  ethereal  layer  will  then  possess  the  red 
colour  which  is  chararct^ristic  of  indigo-red. 

The  following  table  indicates  the  selective  action  of  various 
solvents  at  the  boiling  point  on  indirubin  and  indigotin  respectively 
alone,  and  also  on  mixtures  of  these  colouring  matters  in  definite 
proportion  : 


Solvent.  Iiuiirubiu.  Indigotin, 

Pyridine    Deep  currant-     Intense  blue 

red 
Acetic  acid    Deep    purjjle-     Faint  blue 

red 
Acetone Red,  but  less     Insoluble 

intense 
Methylated  ether     Faint  reddish-     Insoluble 

yellow 


Indigotin, 
99  per  cent., 

indirubin, 

1  per  cent. 
Deep  cnrrant- 

red 
Strong  purjile 

Magenta,  but 
less  intense 

Magenta,  but 
again  less  in- 
tense 


Indigotin, 
99  999  percent., 

indirubin, 
O'OOl  per  cent. 
Purple-red 

Faint  blue  only 

Faint  blue 

No  trace  of  red 


The  Pyridine  Method. 

The  finely  sieved  sample  of  the  air-dried  indigo  (025  to  1  gram) 
is  weighed  out  into  a  small  beaker,  and  evenly  incorporated  with 
20  to  30  grams  of  purified  sand.  A  thin-walled  glass  tube, 
approximately  25  x  90  mm.,  and  which,  for  the  sake  of  convenience, 
will  be  referred  to  as  the  '"  container,"  is  neatly  closed  at  one  end 
by  means  of  cotton  cloth,  which  is  fastened  to  the  tube  with  fine 
string  or  silk  cord  (copper  or  brass  wire  must  not  be  employed),* 

*  In  the  earlier  experiments,  the  cotton  doth  was  replaced  with  copper  and  brass 
gauze,  and  in  these  analyses  a  small,  but  persistent,  loss  ofajjproximately  2  i>er  cent, 
of  indigotin  occurred.  This  was  eventually  accounted  for  by  the  fact  that  the 
pyridine  (chemical  pare  pyridine  does  not  exert  a  deleterious  effect)  employed,  and 
apparently  all  commercial  varieties  of  this  liquid,  contain  a  little  ammonia,  and 
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and  into  this  is  introduced  a  layer  of  asbestos  covered  with  sand, 
or  sand  alone.  With  the  aid  of  a  Gattermann  funnel,  the  contents 
of  the  beaker  are  now  poured  in,  and  the  beaker  is  cleansed  from 
adhering  dyestuff  by  successive  washings  with  sand,  which  are  then 
added  to  the  main  bulk.  Sufficient  sand  is  then  added  to  form  a 
layer  on  the  upper  surface  of  the  indigo  mixture,  and  the  whole  is 
then  loosely  covered  with  asbestos,  which  can  be  previously  employed 
if  necessary  to  remove  the  last  traces  of  indigo  from  the  beaker. 
The  container  is  now  placed  in  a  Soxhlet  tube,  in  which  it  should 
be  fitted  somewhat  loosely,  and  in  which,  in  order  to  promote 
efficient  drainage,  two  or  three  glass  marbles  have  already  been 
introduced.  Extraction  with  pyridine  is  then  commenced,  the  heat 
being  so  regulated  that  a  brisk  ebullition  of  the  solvent  takes  place. 
The  first  extracts  are  coloured  red,  but  usually,  after  the  operation 
has  proceeded  for  about  half  an  hour,  the  liquid  possesses  merely 
the  blue  colour  of  pure  indigotin.  The  digestion  is  then  dis- 
continued, and  the  Soxhlet  tube  holding  the  container  drained  as 
thoroughly  as  possible.  The  contents  of  the  flask,  which  is  prefer- 
ably of  the  Erlenmeyer  variety,  are  distilled  down  to  a  small  bulk. 
The  residual  liquid  is  treated  cautiously  with  boiling  water  (A), 
and  again  distilled,  and  this  operation  is  repeated  until  the  last 
tra-ces  of  the  pyridine  have  disappeared.* 

On  cooling,  the  precipitate,  which  consists  of  a  mixture  of 
indirubin  and  indigotin  in  a  crystalline  condition,  together  with 
indigo-brown,  is  collected  by  means  of  asbestos  in  a  Gooch  crucible 
and  washed  with  water.  As  a  trace  of  the  indigo-brown  is  present 
in  combination  with  calcium  or  magnesium,  and  in  this  condition 
is  insoluble  in  alkaline  liquids,  the  mixed  substances  are  first  washed 
with  hot  15  per- cent,  hydrochloric  acid  to  remove  this  mineral 
matter,  and  then  with  hot  1  per  cent,  sodium  hydroxide  solution, 
which  now  completely  dissolves  the  brown  impurity.  The  product 
is  finally  treated  with  1  per  cent,  acetic  acid.  The  crucible  and  its 
contents  are  now  placed  in  a  small  beaker,  and,  after  drying,  5  c.c. 
of  pure  sulphuric  acid  are  added.  On  heating  the  mixture  for  half 
an  hour  in  a  water-oven,  sulphonation  occurs,  and  the  product  is 

that  the  latter,  under  the  conditions  of  experiment,  caused  the  formation  of  cupric 
hydrate.  For  instance,  if  a  saturated  pyridine  solution  of  indigotin  is  digested  at 
the  boiling  ])oint  with  a  little  cupric  hydrate,  the  colour  of  the  solution  is  almost 
immediately  discharged,  aJid  this  effect  was  also  observed  to  occur  towards  the  end 
of  the  actual  analytical  process.  It  is  probable  that  the  oxidation  product  of  the 
indigo  which  is  thus  formed  is  dehydroindlgotin  {loc.  cit.). 

*  The  quantity  of  pyridine  enijdoyed  for  the  extraction  is  immaterial,  and  such 
diverse  quantities  as  400  c.c.  and  75  c.c.  have  been  found  equally  useful.  The  loss 
of  solvent  during  each  analysis  has  been  approximately  15  c.c,  and  this  could,  no 
4oubt,  be  further  reduced.     Kbuig's  "pyridin  puriss"  is  excellent  for  this  purpose. 
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then  dissolved  in  hot  water,  the  liquid  filtered  into  a  250  c.c.  flask, 
and  finally  diluted  to  this  volume.  The  quantity  of  each  colouring 
matter  present  in  this  solution  as  sulphonic  acid  is  estimated  by 
means  of  the  Duboscq  colorimeter,  by  comparison  with  standard 
mixtures  of  pure  indigotin-  and  indirubin-sulphonic  acids  prepared 
in  a  similar  manner  and  containing  1  gram  of  the  colouring  matter 
per  litre.  As  a  general  rule,  the  most  satisfactory  dilution  for  this 
purpose  was  found  to  be  5  c.c.  of  the  standards,  and  also  of  the 
sample  solution  in  200  c.c.  of  water,  but  in  the  case  of  the  isolation 
of  mere  traces  of  indirubin  a  concentration  of  not  less  than  5  c.c.  of 
the  sample  solution  in  50  c.c.  of  water  was  then  necessary. 

In  order  to  gauge  the  accuracy  of  the  colorimetric  determinations, 
the  sample  solution  was  also  estimated  as  regards  the  total  amount 
of  colouring  matter  present  by  means  of  titanium  chloride.  Por 
this  purpose  25  c.c.  of  the  solution  were  employed,  together  with 
10  c.c.  of  20  per  cent,  sodium  tartrate,  the  somewhat  excessive 
quantity  of  this  latter  being  necessary  on  account  of  the  large 
proportion  of  mineral  acid  present.  In  other  respects  the  operation 
was  carried  out  according  to  the  modification  of  Knecht's  process 
(./.  Soc.  Dyers,  1903,  3,  66)  employed  by  one  of  us  in  previous 
work  (Bloxam,  /.  Soc.  Chem.  Ind.,  1906,  25,  735),  except  that  the 
titration  was  performed  in  purified  hydrogen  in  the  place  of  carbon 
dioxide. 

As  will  be  observed  in  the  subsequent  tables,  the  colorimetric  and 
titanium  chloride  figures  agree  closely  with  one  another,  and  having 
thus  established  the  accuracy  of  the  former  method  it  will  not  be 
necessary  in  the  subsequent  use  of  the  process  to  employ  the  latter 
as  an  adjunct. 

The  Residual  Indigotin. — The  container,  and  its  contents  which 
liad  been  extracted  by  the  pyridine  without  removal  from  the 
Soxhlet  apparatus,  were  washed  by  percolation  with  water,  and  in 
the  event  of  these  washings  being  coloured  by  means  of  the  trace 
of  the  pyridine  solution  of  indigotin  which  remained  in  the  con- 
tainer, this  water  was  employed  at  the  stage  (A)  (p.  1466)  of  the 
process.  Subsequently  the  residue  was  repeatedly  percolated  with 
boiling  10  per  cent,  sulphuric  acid,  which  effects  the  removal  of 
the  indigo  gluten  together  with  some  of  the  mineral  matter,  and 
finally  with  boiling  water  until  free  from  acid. 

The  cloth  is  now  removed  from  the  container,  and  by  gently 
pushing  the  upper  asbestos  layer  with  a  stout  glass  rod  the  contents 
of  the  tube  are  transferred  to  a  spouted  beaker  of  about  100  c.c. 
capacity,  an  operation  which  is  readily  performed  without  an 
adherence  of  any  colouring  matter  to  the  sides  of  the  tube.  The 
whole  is  now  dried  in  the  water-oven,   and   after  an  addition  of 
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20  c.c.  of  pure  sulphuric  acid,  the  colouring  matter  present  is 
sulphonated  in  the  usual  way. 

The  product  diluted  with  water  is  filtered  into  a  litre  flask, 
finally  made  up  with  water  to  that  volume,  and  an  aliquot  portion 
titrated  with  potassium  permanganate,  according  to  the  directions 
previously  given  (Bloxam,  loc.  cit.),  and  in  which  1  c.c.  of  the 
reagent  is  equivalent  to  0'00222  gram  of  indigotin. 

In  order  to  test  the.  accuracy  of  the  process,  known  mixtures  of 
the  pure  colouring  matters  were  at  first  employed,  and  the  following 
table  illustrates  the  results  obtained  : 


Composition 
of  mixture. 

Total 

colouring 

matter, 

blue  by  KMn04, 

red  by  TiClj. 

Total 

colouring 

matter,  by 

KMn04  and 

colorimeter. 

Values 

blue  and  red 

respectively 

by  KMn04 

and  TiClj. 

Values 

blue  ami  red 

respectively 

by  KMn04  and 

colorimeter. 

/Blue  80-00 
\Red    20-00 

100-32 

99-79 

Blue  79-27 
Red    21-04 

78-75 
21-04 

/Blue  85-00 
\Red    15-00 

100-17 

100-03 

Blue  85-20 
Red    14-96 

85-07 
14-96 

/Blue  90-00 
\Red    10-00 

100-98 

100-84 

Blue  90-66 
Red    10-32 

90-52 
10-32 

/Blue  95-00 
\Red      5-00 

100-69 

99-51 

Blue  95-68 
Red      5-01 

94-50 
5-01 

/Blue  99-00 
\Red      1-00 

99-96 

99-66 

Blue  98-82 
Red      114 

98-52 
1-14 

Having  therefore  ascertained  that  the  method  gave  sufficiently 
accurate  results,  its  application  to  natural  indigos  was  now  studied. 

It  is  well  known  that  Java  indigo,  as  a  rule,  contains  appreciable 
quantities  of  indirubin,  and  some  varieties  of  this  product,  obtained 
through  the  kindness  of  Prof,  van  Romburgh,  were  available  for 
examination.  These  samples  were  representative  of  three  distinct 
processes :  (a)  the  new  process  with  hot  water,  (?>)  the  new  process 
with  cold  water,  and  (c)  the  old  process,  in  which  no  chemicals  are 
used.  The  exact  manner  in  which  indigo  has  been  manufactured 
in  Java  has  remained  more  or  less  of  a  secret,  so  that  an  examination 
of  these  authentic  preparations  was  not  devoid  of  interest. 

During  the  analyses  more  than  one  titration  of  the  sulphonated 
colouring  matter  was  carried  out,  and  the  maximum  and  minimum 
results  are  given  in  the  tables. 
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Java  Indi'jo. — New  Process  tvith  Hot  Water. 


Total 

Total 

Total 

Total 

No.  of 

red  and  blue,   re 

1  and  blue, 

blue, 

blue, 

sample. 

maximum.       minimum. 

maximum. 

minimum. 

Red. 

1 

75-20 

75-10 

67-76 

67-67 

7-43 

1 

75  00 

74-80 

67-99 

67-79 

7-01 

1 

75-61 

75-53 

68-23 

68-15 

7-38 

2 

73-60 

73-37 

64-08 

63-86 

9-51 

3 

73-46 

72-41 

66-22 

65-76 

7-75 

4 

6813 

66-96 

61-41 

60-96 

591 

fi 

67-13 

66-55 

60-32 

59-74 

6-81 

6 

62-91 

62-36 

57-90 

57-35 

5-01 

Java  Indigo. 

—New  F, 

ocess  with  Gold  Water. 

7 

72-88 

72-29 

69-82 

69-23 

3-06 

7 

72-82 



69-50 

— 

3-32 

8 

71-02 

70-39 

66-98 

66-35 

4-04 

9 

58-30 

57-76 

56-15 

55-61 

2-15 

10 

71-90 

71-46 

69-86 

69-42 

2-04 

11 

61-71 

61-48 

59-21 

58-98 

2-50 

12 

62-71 

62-21 

59-18 

58-68 

3-53 

Java  Indigo. 

— Old  Process  without 

Chemicals. 

l;j 

75-28 



73-80 

73-03 

1-48 

13 

75-28 

— 

73-88 

72-71 

1-40 

13 

75-27 

75-06 

73-88 

73-67 

1-39 

?13 

74-96 

74-63 

73-22 

72-89 

1-74 

14 

7310 

72-72 

71-93 

71-55 

1-17 

14 

73-10 

72-73 

71-88 

71-51 

1-22 

15 

69-54 

69-25 

68-44 

68-15 

1-10 

15 

69-54 

69-25 

68-80 

68-26 

0-99 

Average  value 

Average 

total  blue. 

value  red. 

64-59 

7  07 

64-03 

2-95 

71-90 

1-30 

Analysis  of  Results. 

Average  value 
blue  and  red. 

New  process,  hot  water 71-62 

,,        ,,        cold     ,,     66  98 

Old        „         without  chemicals.         73  20 

Somewhat  interesting  in  connexion  with  the  examination  of  these 
Java  indigo  samples  is  the  statement  of  Koppeschaar  in  the  paper 
previously  referred  to,  that  van  Lookeren  Campagne  has  the  credit 
of  finding  a  method  of  preparing  indigo  from  the  Natal  plant 
(/.  arrecta)  in  Java  which  gives  twice  or  thrice  the  yield.  On  the 
other  hand,  he  further  remarks  that  the  whole  character  of  the 
indigo  is  changed,  the  percentage  of  red  being  much  greater  than 
usual,  sometimes  exceeding  10  per  cent.  The  process  here  referred 
to  by  Koppeschaar,  in  the  light  of  the  above  results,  would  appear 
to  be  identical  with  "  the  new  process  with  hot  water." 

It  is  well  known  that  hot  water  processes  of  indigo  manufacture 
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have  been  much  favoured  by  the  Dutch  manufacturers,  and  it  is 
reasonable  to  connect  the  excessive  quantity  of  indigo-red,  which  so 
frequently  occurs  in  the  Java  variety,  with  the  question  of  tem- 
perature. The  air-oxidation  of  indoxyl  solutions  in  the  presence  of 
an  excess  of  alkali  or  ammonia  tends  in  a  similar  direction,  but  it 
has  been  shown  (Trans.,  loc.  cit.)  that  in  these  circumstances  a 
decrease  in  the  yield  of  colouring  matter  thus  occurs,  a  point  which 
is  not  likely  to  have  escaped  the  observation  of  the  Dutch  chemists. 
It  was  noted  during  the  laboratory  experiments  on  the  formation 
of  indigo  from  pure  indican  (loc.  cit.)  that  the  dyestuff  thus  pro- 
duced contained  somewhat  more  indirubin  than  is  usually  present 
in  most  of  the  Indian  commercial  samples  previously  examined 
(loc.  cit.),  and  the  only  reasonable  method  for  accounting  for  this 
discrepancy  is  the  fact  that  the  temperature  of  the  liquid  during 
air  oxidation  was  maintained  steadily  at  60°.  It  is  to  be  remem- 
bered that  this  indirubin  formation  probably  occurs  at  the  earlier 
stage  of  the  oxidation,  because  the  presence  of  free  indoxyl  is 
necessary  in  order  that  the  reaction  with  the  isatin  may  take  place. 
On  the  other  hand,  with  the  Indian  factory  process,  the  average 
temperature  of  the  oxidation  will  be  lower,  although  by  the  effect 
of  the  steam  blowers  it  will  ultimately  reach  this  point.  Again, 
Rawson  (Report  on  the  Cultivation  and  Manufacture  of  Indigo, 
Mozufferpore,  1904)  states  that  after  a  hot  water  fermentation  the 
liquid  must  at  once  be  submitted  to  oxidation  to  avoid  a  subsequent 
loss  of  colouring  matter,  and  it  would  therefore  appear  to  follow 
that  in  such  a  process  the  temperature  during  the  latter  operation 
is  necessarily  higher  than  that  in  vogue  by  the  ordinary  method. 
It  seems  likely  therefore  that  the  high  percentage  of  red  in  the 
new  process  with  hot  water  samples  of  Java  indigo  arises  from  the 
fact  that  during  their  manufacture  the  oxidation  of  indoxyl  in 
the  presence  of  a  trace  of  alkali  or  ammonia  has  been  carried  out 
at  a  higher  temperature  than  usual. 

Among  the  Indian  varieties  of  natural  indigo,  that  produced  in 
the  past  by  the  "  Coventry  Lime  and  Acid  process "  has  been 
noted  as  containing  some  quantitv  of  indirubin.  It  is  referred 
to  by  Koppcschaar,  who  states  that  Coventry's  method  is  used 
in  British  India,  and  that  the  indigo  prepared  by  this  method 
contains  much  indigo-red,  but  less  indigotin  than  good  samples 
of  Java  indigo  (loc.  cit.).  A  description  of  the  process  has 
been  given  in  a  previous  paper  (loc.  cit.),  and  the  indigo  which 
is  there  produced  arises  from  the  air-oxidation  of  indoxyl  in  the 
presence  of  lime-water.  An  authentic  sample  of  this  indigo 
had  been  preserved  in  the  Dyeing  Department  of  the  Leeds 
University,  and    was  available    for   examination    by  the   pyridine 
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method.     Four  distinct  analyses  of  this  product  were  carried  out, 
and  the  results  are  given  in  the  following  table : 

Coventry  Process  Indigo. 


Total 

Total 

red  and  bine, 

red  and  blue, 

Total  blue, 

Total  blue, 

maximnm. 

minimum. 

maximum. 

minimum. 

Ked. 

61-76 

61-44 

56  53 

56-21 

5-23 

61-76 

60-77 

56-73 

55-74 

5-03 

61-20 

60-97 

56-50 

56-27 

4-70 

61-38 

61-19 

56-40 

56-21 

4-98 

Finally,  an  analysis  is  given  of  two  samples-of  indigo  prepared  in 
the  laboratory,  the  first  of  which  is  curious  on  account  of  the  large 
amount  of  indirubin  which  it  contains.  This  product  (A)  was 
obtained  by  the  hydrolysis  of  indican  (09996  gram)  with  2  grams 
of  the  enzyme  for  five  hours  and  a^half  at  50 — 52°  in  the  presence 
of  3"7  c.c.  of  T/lO-sulphuric  acid,  and  the  operation  was  carried 
out  in  the  absence  of  air  and  in  the  manner  described  fully  in  a 
previous  communication  {loc.  cit.).  The  indoxyl  solution  was  then 
oxidised  with  air  at  60°  after  the  addition  of  18*5  c.c.  of 
3'^/2-ammonia,  and  apparently  the  whole  operation  was  conducted 
in  the  usual  manner.  The  result,  however,  is  quite  abnormal,  and 
is  merely  referred  to  as  showing  the  possibility  of  the  formation 
of  very  large  quantities  of  indirubin  during  the  oxidation  process. 
The  second  sample  (B)  represents  the  product  of  the  hydrolysis  of 
indican  by  acid  and  simultaneous  oxidation  with  air,  and  in  which 
0-5  gram  of  indican  in  850  c.c.  of  water  at  60°  was  treated  with 
15  c.c.  of  33  per  cent,  hydrochloric  acid,  and  air  aspirated  through 
the  solution  for  eight  hours. 

Total  Total 

red  and  blue,  red  and  blue,  Total  blue,  Total  blue, 

maximum.  minimum.  maximum.  minimum.            Red. 

A            88-90  88-13                63  07  62  30  25 '83 

B            93-5  —                     —  —  2-54 

Estimation   of   Indigo-Brown 

A  point  of  interest  in  this  pyridine  process  for  the  analysis  of 
indigo  containing  indirubin  is  that  it  is  also  possible  to  estimate 
approximately  at  the  same  time  the  amount  of  indigo-brown  which 
is  present  in  the  sample.  It  has  been  previously  shown  that  this 
mixture  of  brown  substances  can  be  removed  from  the  dyestuff  by 
means  of  pyridine  (Trans.,  1907.  91,  279),  and  consequently  in  this 
analytical  method  it  is  contained,  or  mostly  so,  in  the  crude  indirubin 
precipitate  which  remains  after  the  removal  of  the  solvent.  On  the 
other  hand,  it  was  ascertained  that  the  aqueous  filtrate*  (A)  from 
this  precipitate  contains  a  small  quantity  of  one  of  the  more  solublq 
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brown  constituents.  In  carrying  out  therefore  the  estimation,  the 
indirubin  precipitate  is  washed  with  hot  dilute  sodium  hydroxide 
solution,*  the  dark  brown  extract  neutralised  with  acid,  and  when 
cold  the  deposited  indigo-brown  is  collected  and  weighed,  the  filtrate 
B  being  reserved.  The  filtrates  A  and  B  are  then  extracted  with 
pure  ether,  the  solution  washed  with  water,  and  then  evaporated, 
and  the  weight  of  this  residue  added  to  that  of  the  main  bulk.  A 
defect  in  the  method  of  indigo-brown  analysis  is  the  occasional 
presence  in  samples  of  Java  indigo  and  other  indigos  prepared  from 
the  /.  arrecta  of  indigo-yellow  or  kgempferol  (Trans.,  1907,  91,  435), 
because  this  substance  is  soluble  in  pyridine  and  in  alkaline  solu- 
tions, and  is  reprecipitated  from  the  latter  by  means  of  acid.  A 
search  for  this  product  in  the  samples  under  examination  indicated 
that  in  the  case  of  the  Java  varieties  it  was  present  to  the  extent 
of  not  more  than  0'2  per  cent.,  and  would  thus  not  materially  affect 
the  results,  that  it  was  absent  in  the  case  of  the  Coventry  indigo, 
and  that  merely  a  trace  was  present  in  the  new  product  from 
Bengal.  As  is  well  known,  the  Indian  manufacturers  are  now 
employing  the  Java  or  Natal  plant  (7.  arrecta)  in  place  of  the 
I.  sjimatratia,  and  the  Bengal  sample  referred  to  above,  and  which 
was  kindly  procured  for  us  by  Mr.  Oliver  Marsden,  of  Leeds,  was 
known  to  have  been  prepared  from  the  first-named  plant.  An 
analysis  carried  out  by  the  tetrasulphonate  process  indicated  68  3  of 
colouring  matter. 

Indiyo-Brown  in  various  Indigos  (air  dried). 

Java  indigo,  Java  indigo, 

new  process,  new  process,  Java  indigo, 

hot  water.  cold  water,  ordinary  process. 

5-4                      5-2  4-15 

It  is  therefore  evident  that  Java  indigos  contain  approximately 
one-half  the  indigo-brown  which  is  present  in  the  newest  Indian 
variety,  and  a  point  which  can  only  arise  from  details  of  manu- 
facture. In  an  earlier  investigation  (Trans.,  1907,  91,  279),  the 
amount  of  crude  pyridine  extract  obtained  from  a  mixture  of 
numerous  samples  of  Bengal  indigo  which  had  been  prepared  from 
the  I.  sutiiatrana  worked  out  to  14  per  cent.,  and  although  this 
mixture  of  samples  without  doubt  contained  considerably  more 
indigo-brown  than  that  contained  in  the  new  Bengal  product  just 
referred  to,  this  value  is  somewhat  too  high  for  direct  comparison, 
as  it  also  includes,  as  was  demonstrated  at  the  time,  some  quantity 
of  mineral  matter.  There  is  the  strongest  reason  to  regard  indigo- 
brown  as  a  waste  product  of  the  manufacture,  and  this  has  recently 

*  1  per  cent. 


Coventry 

process, 

indigo. 

New  Bengal 
indigo. 

8-7 

9-60 
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received  considerable  support  from  the  isolation  of  a  closely  similar, 
if  not  identical,  compound  from  the  mixture  of  substances  produced 
by  the  decomposition  of  indoxylic  acid  (Trans.,  1909,  95,  847). 

It  has  been  pointed  out  by  one  of  us  (Bloxam,  loc.  cit.)  that  when 
Bengal  indigo  has  been  freed  from  indigo  gluten  by  means  of 
dilute  sulphuric  acid,  and  the  residue  is  then  extracted  with  hot 
pyridine,  it  is  only  possible  in  this  way  to  prepare  an  indigotin  of 
about  91  per  cent,  purity.  That  this  arose  to  some  extent  from 
obstinately  retained  mineral  matter  and  plant  debris  was  evident, 
but,  on  the  other  hand,  the  deficiency  could  not  be  entirely 
accounted  for  in  this  way.  Further  experiment  now  indicates  that 
most  indigos  contain  a  small  percentage  of  a  brown  impurity, 
insoluble  in  pyridine,  and  apparently  in  all  solvents,  but  which 
dissolves  to  some  extent  in  alkali  to  form  a  blackish-brown  solution. 
On  sulphonating,  for  instance,  an  indigo  which  has  been  purified 
by  means  of  acid  and  pyridine  with  ordinary  sulphuric  acid,  or, 
indeed,  any  commercial  indigo,  this  compound  is  not  attacked,  and 
when  the  product  is  diluted  with  water  it  is  precipitated  apparently 
unchanged.  In  the  analytical  method  described  by  Rawson  (/.  Soc. 
Chem.  Ind.y  1899,  18,  251),  this  brown  material,  at  least  in  part, 
consists  of  the  impurity  which  is  carried  down  by  a  precipitation 
of  barium  sulphate  in  the  liquid.  As  no  data  are  available,  it  is 
useless  to  speculate  as  to  the  origin  of  this  product,  although  its 
general  characteristics  suggest  that  it  is  allied  to  indigo-brown. 

The  Andy  US  of  Indigo  by  the  Pyridine  Method. 

For  the  accurate  estimate  of  ordinary  indigo  it  is  now  well 
recognised  that  it  is  necessary  to  eliminate  the  impurities  which 
accompany  the  colouring  matter,  previous  to  or  after  the  sul- 
phonation  process,  and  before  the  actual  titration,  because  the 
sulphonation  products  of  indigo-brown,  and  to  a  special  degree 
those  of  indigo  gluten,  readily  reduce  the  permanganate.  These 
difficulties  are  avoided  by  the  employment  of  the  *  tetrasulphonate  " 
process,  a  full  description  of  which  is  given  by  one  of  us  elsewhere 
(Bloxam,  loc.  cit.).  There  could  apparently  be  no  doubt  that  by 
adopting  the  pyridine  extraction  method  of  analysis  as  above 
described,  and  by  which  a  gradual  elimination  of  the  impurities  is 
effected,  an  accurate  estimation  of  indigo  apart  from  the  question 
of  indirubin  could  be  carried  out,  and  the  point  was  interesting 
as  involving  a  further  test  of  the  trustworthiness  of  the  tetrar 
sulphonate  process. 

For  the  purpose  of  experiment  a  sample  of  Bengal  indigo,  con- 
taining but  a  trace  of  indirubin,  was  employed,  and  the  procedure 
was  exactly  similar   to  that  given   above.     For  the   analysis  both 
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by  this  and  the  tetrasulphonate  method,  duplicate  titrations  were 
carried  out  in  each  case  with  potassium  permanganate  and  titanium 
chloride : 

Pyridine  method    JTiClf'  =   60-13  ^'T^'         Mean  =  60-20. 

Tetrasulphonate  method  {5^ci"^'  =   60 -05  ^'"  '''°*"         Mean  =  60-27. 

The  results  given  by  the  two  methods  thus  harmonise  remarkably, 
and  this  was  to  be  anticipated  on  account  of  the  numerous  proofs 
which  have  been  previously  given  by  one  of  us  Qoc.  cit.)  as  to  the 
accuracy  of  the  tetrasulphonate  method. 

Finally,  it  will  no  doubt  be  quite  possible  to  analyse  indigo  with 
fair  accuracy  according  to  the  pyridine  method,  by  means  of  the 
Duboscq  tintometer  alone,  but  the  employment  of  this  process  for 
practical  purposes,  with  regard  to  indigo  more  or  less  free  from 
indirubin,  is  not  suggested  on  account  of  the  somewhat  lengthy 
operations  involved. 

The  Effect  of  Indirubin  in  the  Dyeing  Operation. 

In  regard  to  the  advantage  or  otherwise  of  the  presence  of 
indirubin  in  indigo,  there  has  been  considerable  difference  of 
opinion,  and  this  still  exists  to  some  extent  among  dyers  at  the 
present  time.  According  to  Rawson  and  Knecht  (/,  Soc.  Dyers, 
1888,  4),  and  also  to  Hummel  (ibid.),  indirubin  is  a  valuable 
dyestuff,  and  is  extremely  fast  to  light.  Matthews  (,/.  Soc.  Chem. 
Ind.,  1902,  21,  222),  however,  points  out  that,  in  addition  to 
other  disadvantages,  indirubin  requires  for  reduction  a  much 
stronger  reagent  than  indigotin,  and  that  as  a  result  the  greater 
part  of  this  dyestuff  is  not  attacked  in  the  indigo  vat,  but  settles 
down  to  the  bottom  of  the  receptacle.  Fasal  (Mitt.  K.  Tech. 
Gew.-Mus.  Wien.,  1895,  11,  307)  found  that  the  shade  of  colour 
given  by  an  indirubin  vat  became  bluer  from  day  to  day,  and  that 
ultimately  a  pure  indigo  blue  was  produced.  This  change  of  tinc- 
torial property  was  shown  by  this  author  to  be  due  to  the  further 
reduction  of  leucoindirubin  with  the  formation  of  indoxyl,  and 
that  this  was  oxidised  on  the  fabric  to  indigotin.  A  more  recent 
investigation  of  the  reaction  by  one  of  us  (Proc,  1909,  25,  127) 
indicates  that,  in  addition  to  indoxyl,  oxindol  is  simultaneously  pro- 
duced, and  that  this  should  be  the  case  is  readily  understood  from 
the  formula  of  indirubin  itself: 


NH-CO         :         NH       "    ' 


It  therefore  is  evident  that  indirubin  possesses  little  value  as  a  vat 
dyestuff,    and   its    presence    in    indigo    cannot    be    considered     of 
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advantage,  because  it  ultimately  produces  not  more  than  one-half  of 
its  weight  of  indigotin. 

On  the  other  hand,  indirubindisulphonic  acid  is,  according  to 
Fasol  {loc.  cit.)  and  also  to  Rawson  and  Knecht  {loc.  cit.),  a  useful 
dyestuff,  and  gives  colours  much  faster  to  light  than  the  correspond- 
ing indigo  extract,  which  is  sodium  indigotindisulphonate. 

The  statement  of  Bergtheil  {Report  of  the  Indigo  Research 
Station,  Sirsiah,  1906),  '"  Preliminary  examination  .  .  .  has  shown 
decisively  that  there  is  more  than  one  red  body  in  most  commercial 
indigos,"  cannot  be  correct,  because  in  all  indigos  at  present 
experimented  with  in  this  and  other  investigations,  no  red  substance 
other  than  indirubin  has  been  detected. 

Clothwokkers'  Research  Laboratoky,  East  London  Technical 

The  University,  College. 

Leeds. 


CXXXVI. — The  Relative  Influence  of  the   Ketonic  and 
Ethenoid  Linhings  on  Refractive  Power. 

By  Ida    Smedley. 

The  exaltation  in  refractive  power  produced  by  the  conjugation 
of  unsaturated  radicles,  both  with  the  carbonyl  and  with  groups 
containing  an  ethenoid  linking,  has  been  discussed  by  several 
observers  (Gladstone,  Proc.  Boy.  Soc,  1881,  31,  327;  Bruhl,  Ber., 

1907,  40,  892;   Perkin,  Trans.,   1907,  91,   806;    Smedley,   Trans., 

1908,  93,  372;  1909,  95,  218);  it  seemed  possible,  however,  that 
the  results  already  obtained  might  be  somewhat  simplified  by 
making  a  quantitative  comparison  of  the  effect  produced  on  the 
refractive  power  by  the  ketonic  *  and  ethenoid  linkings  respectively 
under  various  conditions  of  conjugation. 

If  the  exaltation  of  refractive  power,  produced  by  the  mutual 
conjugation  of  groups  containing  the  ethenoid  linking,  were  the 
same  as  that  produced  by  the  conjugation  of  such  groups  with  the 
carbonyl  radicle,  there  should  be  a  constant  difference  between  the 
molecular  refractions  of  any  two  compounds  containing  respectively 
the  groups  CICHo  and  CIO,  but  otherwise  similarly  constituted. 

It  will  be  seen  from  the  accompanying  table  that  when  placed 
at  one  end  of  a  chain  of  conjugated  unsaturated  groups,  the  incre- 

The  phnwe  "ketonic  linking"  is  used  in  this  paper  to  represent  the  doable 
linking  in  the  group  C:0,  whether  the  latter  is  present  in  an  aldch^-dic  or  carlK)xylic 
group. 
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ment  in  refractive  power  when  a  >-C!CH2  group  is  substituted  for 
a  >»CIO  group  varies  only  between  the  limits  3"8  and  4 '8,  although 
the  number  of  unsaturated  groups  entering  into  conjugation 
changes  considerably. 


Table   showing  Increments  in   Refractive   Power   on  replacing 
C:0  by  CICHg. 


Name.  Formula, 

Formaldehyde HgCrO 

Ethylene  


Ma. 

..       6-96 
H,C:CHo 10-77 


Acetone    Me2C:0 

isoButylene MegClCHa 

HHMe 


Ethylideneacetone  . 
Dimethylbutadiene 


16-05 
19-91 

25-53 


Increment.    Observer. 

—  Estimated  * 
3-81         Liveingand 

Dewar 

—  Briihl 
Estimated  t 


Me*C:C-C:0 

^^^    3o-38 

Me-C:C'C:CH 


3-86 


4-85 


Maleic  dialdehyde  PHHH 

^  0:o-C:C-C:0 

Hexatriene  

Benzaldehyde 

Styrene 


21-08 


Estimated  J  (i) 

Briihl 
Estimated  || 


HHHH 

H2C:c-G:C'C:CH2 

H 
Ph-C:0 

H 
Ph-CrCH, 


30-58    9-5/2  =  4-75     Perkin 


31-77 

35-98 
56-20 


Benzophenone PhjCcO 

as-Diphenylethylene Vhfi'.GY^^ 6010 

Oinuamaldehyde     

Phenylbutadiene 

Benzylideneacetone    

Pheuylmetliylbutadiene , 


HHH 

Ph-C:C-C:0 

HHH 
Ph-(3:C-C:CH2 

HHMc 

Ph-C:C-C:0 

HHH 
Ph-C:C.C:CHMe 


43-51 
48  00 
48-54 
52-61 


4-21 


3-90 


4  49 


4-07 


Briihl 

>» 
Eykmann 

Briihl 
Klages 
Seep.   1482 
Klages 


*  M.     Aeetaldehyde 11-50 

CHq  in  aldehyde  .series   ..       4  54 


.-.  M.  Formaldehyde 


t  M.     Ethyleue 10-77 

2  X  CHq  increment 9-14 


,-.   M.   MoButylene 19-91 


M. 


II  M. 


Mcsityl  oxide 30-13 

CHo  in  ketone  series  4-60 


.  M.  Ethylideneacetone...  25-53 

Maleic  acid 2394 

2(Me-C02H  -  Me -CHO)...  2  86 

.  M.  Maleic  dialdehyde...  21-08 


'  The  molecular  refraction  for  the  sodium  line  is  found  to  be  25-78  (Auwers  and 
Eiseulohr,  Jkr.,  1910,  43,  817). 

If  now  a  comparison  is  made  of  the  refraction  increments 
obtained  on  substituting  an  ethenoid  for  a  ketonic  linking  when  it 
occurs,  not  at  the  end  of  a  series  of  unsaturated  hydrocarbon 
radicles,  but  in  the  middle  of  such  a  chain,  much  greater  differences 
are  observed. 
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Name. 


Formula. 


Ma 


Stilbene 


Benzophenoue     

Diphenylbutadiene     

Benzylideneacetophenone  . . . 

Diphenylhexatriene    

Cinnamyliileneacetophenone 
Di  benzylitlen  eacetone . . .  


HH 
Ph-C:C-Ph 

O 
Ph-C-Ph  

HHHH  82-9 

Ph-C:C-C:(J-Ph 

HHO 
Ph-C:C-C-Ph 

HHHHH  H 
Ph-C:C-C:C-C:C-Ph 

HHHHO 
Ph-C:C-C:C-C-Ph  ■■ 

HHOHH 
Ph-C:C-C-C:C-Ph  ■■ 


65-65 


56-20 


70-55 


100-9 


87-6 


84  0 


Increment.  Observer. 

—  Chilesotti 

9-45  Eykmann 

—  S  medley 
11-35  P.  1482 

—  Smedley 
13-3  P.  1483 
16-9  P.  1483 


When  a  carbonyl  group  is  interposed  in  a  chain  of  contiguous 
ethenoid  groups,  the  exaltation  of  the  refractive  power  is  so  nauch 
diminished  that  the  increase  in  the  molecular  refraction  of  the 
compound  produced  by  the  addition  of  the  carbonyl  group  may 
fall  to  1  unit,  as  shown  in  the  following  table,  a  value  much  below 
that  assigned  to  the  same  group  in  saturatel  aliphatic  compounds 
(4*7  units).  This  may  perhaps  be  regarded  as  evidence  in  favour  of 
the  view  that  in  a  chain  of  contiguous  ethenoid  linkings  the  effect 
of  each  unsaturated  group  is  not  confined  to  the  adjacent  groups, 
but  is  transmitted  along  the  whole  chain,  increasing  the  refractive 
effect  of  each  link  (compare  Smedley,  Trans.,  1908,  93,  372). 


Table   shovnng   the  Effect   on  Refractive  Power   of  introducing   a 
*     Carhomjl  Group  into  Aromatic  Hydrocarbons. 

(Refraction  value  of  CO  in  fatty  compounds  =  470.) 

Increment. 

Benzophenonc  Ph*CO*Ph 

Diphenyl  Ph'Ph  

HHO 
Ph-C:C*C-Ph 
HH 

Ph-C:C-Ph 

HHHHO 
Ph'C:C-C:C*C-Ph 

HHHH 
Ph-C:C-C:C-Ph 

HH  OHH  84-0 

ni'C:c-c*C:C-Ph 

HHHH 

Ph-c:c-C:C-Ph  

HHHHOHH 
Ph'C:C'C:C'C-C:c-Ph 


Benzylideneacetopheuoiic   ... 

Stilbene 

Cinnamylideneacetopheuoue 

Diphenylbntadiene 

Dibenzylideneacetonc 

Diphenylbutadiene  ... 

Cinnaniylidenebenzylidenc- 
acetoue  


Mo. 
56-20 
51-93 

70-55 
65-65 
87-6 
82-9 


82-9 


4-27 


4  9 


4-7 


1-1 


102- 


VOL.    XCVII. 


O    E 
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Refraction  value  of  CO  in  fatty  compounds  =  4  70  (continued). 

Ma.      Increment. 

Diphenylhexatrtene ¥^^^^^         1009  I'S 

Ph-C:C-C:C-C:C-Pli 

Acetophenone  Ph'CO'Me    36-00  — 

Toluene Ph'Me 30-80  5-2 

Cinnamaldehyde  ??  P        43-51  — 

Ph-C:C-CH 

Styrene 9?     .'. 35-98  753 

Ph*C:CH 

Cinnamvlideneacetone    v999  9.        64-2  — 

Ph-C:C-C:C-C-Mc 

Phenylmethylbutadiene      PHHH        52-6  i\Q 

Ph-C;C-C:C-Me 

A  comparison  of  the  two  isomeric  diphenylethylenes  with  benzo- 
phenone  suggests  that  the  effect  of  the  ketonic  linking  still  resembles 
that  of  the  ethenoid  linking,  but  when  interposed  between  two 
unsaturated  radicles,  the  ketonic  must  be  compared  with  an 
ethenoid  linking  which  itself  joins  a  side-chain : 

Ma. 


Stilbene    ...  ^9  ...     65-65 

Ph'C.-C'Ph 

Benzophenone,        .9  ...     56*20 

Ph-C-Ph 


9-45 


Mo. 

pTT 

Diphenylethylene,         V.    -    ...     60-10 

Benzophenone,  9.  ...     56  20 

Ph-C-Ph 


3-9 


The  difference  in  the  refractive  power  of  the  isomeric 
cinnamylideneacetophenone  and  dibenzylideneacetone  is  well 
marked;  the  molecular  refraction  of  the  compound  containing  the 
longer  chain  of  conjugated  unsaturated  linkings  exceeds  by  3' 6 
units  the  refraction  value  of  the  symmetrically  arranged  isomeride. 

Since  writing  the  above,  my  attention  has  been  called  to  a  paper 
published  by  Auwers  and  Eisenlohr  (Be?:,  1910,  43,  806),  in  which 
the  effect  of  the  conjugation  of  unsaturated  groups  is  discussed. 
These  authors  quote  the  statement  of  Briihl  (Ber.,  1907,  40,  1153) 

that  the  group     •  •  •  •    does  not  produce  exaltation  of  refraction ; 

the  present  author  has  previously  pointed  out  that  in  aromatic 
compounds  this  group  produces  a  marked  effect  on  refraction 
(compare  Armstrong  and  Robertson,  Trans.,  1905,  87,  1275; 
Smedley,  1909,  95,  221),  and  has  suggested  that  the  peculiar 
influence  of  this  group  is  to  be  attributed  rather  to  the  mutual 
influence  of  the  oxygen  atoms. 

Auwers  and  Eisenlohr  draw  the  conclusion  that  the  substitution 
of  an  alkyloxy-group  for  a  hydrogen  atom  decreases  the  exaltation 
of  refractive  power  produced  by  conjugation,  and  contend  further 
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that  a  more  marked  reduction  is  produced  by  substituting  an 
alkyloxy-  than  by  an  alkyl  or  hydroxy-group.  There  appears  to  be 
an  error  in  the  figure  quoted  for  the  molecular  refraction  of 
cinnamaldehyde.  The  value  for  the  sodium  line  calculated  from 
Bruhls  data,  to  which  reference  is  made,  is  4414  instead  of  45'21, 
a  difference  which  removes  one  instance  of  the  three  quoted.  There 
is  also  always  possibility  of  error  when  values  are  calculated  from 
the  atomic  refractions,  and  when,  for  instance,  the  value  for  the 
carbonyl  group  is  assumed  to  be  identical  in  aldehydes  and  ketones ; 
instead  of  using  the  method  adopted  by  Auwers,  the  following  basis 
of  comparison  may  be  employed,  which  is  independent  of  calculated 
values  for  the  atomic  refractions. 


Difference 

Difference, 

R-COMe  - 

R-CO-OH 

M.R.^ 

R-COH. 

M.R„. 

-  R-COH. 

Acetone    

.     16-13 
11-56 

Acetic  acid 

12-99 

Acetaltlchydi'   

AcetalJehyde  

..     11-56 

4-57 

Butyric  acid 

Butaldehyde    .:.... 

..     22-16 
..     20-62 

1-43 
1-54 

Ethylideneacetone  .. 

25-78 

CrotonJc  acid  *    ... 

...     22-63 

Crotonaldehyde 

.     21-47 

4-31 

Crotonaldehyde   . . . 

..     21-47 

116 

Acetophenone   36-34 

Benzaldehyde 32-02 

nzylideneacetone...  48-41 

iinamaldehyde      ...  44-14 


is  for  the  o-liue. 


M.R.O. 

Methyl  acetate    18  11 

Acetaldeliyde  11-56 

Methyl  bntyratc 26  91 

Butaldehyde    20  62 

Methyl  benzoatc 37-80 

Benzaldehyde 3202 

Methyl  cinnamatc  ...  49-31 

Cinnamaldehyde     ...  44*14 


4-32 


4-27 


r.,  1910,  4 

15,  817).     The  valu 

e  given  for  crotonic  acid 

Difference 

Difference, 

R-CO-OM( 

; 

R-CO-OMe 

-R-COH. 

M.R.„. 

-R-COH. 

Ethyl  acetate  

..     22-24 

Acetaldehyde  

...     11-56 

6-55 

10-68 

Ethyl  butyrate    .. 

...      31-35 

Butaldehyde    ...  . 

....     20-62 

6-29 

10-73 

Ethyl  crotonate    . 

...     31-68 

Crotonaldehyde  .. 

...     21-47 

10-21 

Ethyl  benzoatc    .. 

...     42-55 

Benzaldehyde 

...     32-02 

5-78 

10-53 

Ethyl  cinnamate.. 

...     5419 

Cinnamaldehyde  . 

...     44-14 

517 

10  05 

A  study  of  the  above  table  shows  that  the  difference  in  molecular 
refraction  between  an  aldehyde  and  the  corresponding  methyl 
ketone    varies    very    slightly    in    saturated    and   unsaturated   com- 

5  E  2 
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pounds.  The  diminution  which  takes  place  in  this  difference  in  the 
unsaturated  compounds  quoted  is  so  slight  that  but  little  importance 
can  be  attached  to  it.  The  distinction  drawn  by  Auwers  and 
Eiseulohr  between  the  influence  of  the  hydroxyl  and  that  of  the 
alkyloxy-groups  does  not  appear  to  be  warranted  by  the  evidence 
given.  The  difference  between  the  molecular  refractions  of  crotonic 
acid  and  aldehyde  is  slightly  lower  than  the  corresponding  difference 
in  the  aliphatic  series ;  similarly,  there  is  a  decrease  in  the  increment 
of  the  molecular  refraction  of  crotonic  ester  over  that  of  croton- 
aldehyde.  This  diminution  is  intensified  in  the  cinnamic  series, 
but  the  value  for  cinnamic  acid,  which  has  only  been  examined  in 
solution,  is  excluded  from  the  table;  and  the  numbers  for  the 
crotonic  series  alone  do  not  appear  to  warrant  any  distinction  being 
made  between  the  behaviour  of  the  acid  and  its  esters. 

It  is  probable  that  the  diminished  effect  produced  by  the  con- 
jugation of  the  carbonyl  group  in  acids  and  esters,  as  compared 
with  that  in  ketones  and  aldehydes,  may  be  attributed  to  the 
mutual  effect  of  the  two  oxygen  atoms  whereby  the  residual  affinity 
of  the  carbonyl  oxygen  is  lessened  (Trans.,  1909,  95,  231). 

Auwers  and  Eisenlohr  also  discuss  the  question  of  "  crossed 
double  bonds,"  and  are  led  to  the  conclusion  that  if  three  "  crossed 
double  bonds  "  are  present,  the  exaltation  of  refractive  power  is 
much  slighter  than  when  three  conjugated  double  bonds  are  present 
in  an  open  chain,  and  remains  below  that  of  the  related  substance 
containing  only  two  conjugated  double  bonds.  The  present  author's 
results  show  that  when  the  number  of  unsaturated  groups  is  con- 
siderably increased,  the  two  side-chains  terminating  in  the  same 
unsaturated  group  do  have  marked  effect  on  each  other  in  exalting 
refractive  power. 


Substance. 

(Observed) 
Mo. 

Calculated  Value. 

Differ- 
ence. 

Beuzoplienone, 
0 

Ma  Ph-COMe 
Ph-COMe 

36  00 
36-00 

Ph-C-Ph 

-  Ma  COMeg 

72-00 
16-05 

56-20 

55-95 

0-25 

Benzylideneacctophenoue, 

HH 

HHO 

Ma  PlrC:C-COMo 

48-54 

Ph-C:C-C'Ph 

Ph'COMe 
-  M«  COMe,, 

36-00 

84-54 
16-05 

70-65  68-49  2*1 
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Substance. 

(Observed) 
Mo. 

Calculated  Value. 

Diflfer 
ence. 

Diben  zylideneacetone, 

HH 

HHOHH 

Ma  Ph-C;C-COMe 

48-54 

Ph-C:(J-C-C:C-Ph 

HH 
PhC:C-COMe 

-MaCOMej 

48-54 

97-08 
1605 

84-00 

81-03 

3  0 

Cinnamylideneacetophenone, 

HHHH 

HHHHO 

MaPh-C:C-C:C'COMe 

6419 

Ph'C:C-C:C-C-Ph 

Ph-COMe 
-  Ma  COMej 

36-00 

100-19 
16-05 

87-59 

84-14 

3-45 

Cinnamylidenebenzylidene- 
acetone, 
HHHHOHH 

HHHH 

Ma  Ph*C:C-C:C-COMe 
HH 

64-19 

Ph'C:G-C:C-G-b;CPh 

Ph-C:C-COMe 
-  Ma  COMeo 

48-54 

112-73 
16-05 

102-7 

96-68 

6-0 

Dicinnamylideneace  tone, 

HHHH 

HHHHOHHHH 

Ma  Ph-C:C-C:C-COMe 

64-19 

Ph-C:C-C:C-C-C:C-C:C-Ph 

HHHH 
Ph-C:C-C:C-COMe 

-M.  COMe„ 

64  19 

128-38 
16-05 

121-5 


112-33 


9-2 


III  the  accompanying  table,  a  method  of  calculation  is  used  in 
which  the  exaltation  eflFect  of  each  side-chain  of  groups  containing 
ethenoid  linkings  with  the  contiguous  carbonyl  radicle  is  separately 
allowed  for  and  the  minimum  value  of  one  carbonyl  group  sub- 
tracted. If  the  two  side-chains  of  groups  containing  ethenoid 
linkings  have  no  effect  on  each  other  through  the  carbonyl 
radicle,  the  values  calculated  should  be  higher  than  that  actually 
observed,  since  the  minimum  value  for  a  carbonyl  group  has  been 
subtracted.  Yet  as  the  number  of  groups  conjugated  is  increased 
in  each  chain,  the  observed  value  becomes  markedly  greater  than 
that  calculated;  in  some  manner  therefore  the  two  chains  of 
unsaturated  radicles  present  on  either  side  of,  and  each  terminating 
in,  the  same  carbonyl  group  are  able  to  influence  each  other.  It  is 
a  point  of  some  interest  whether  the  >CH2  group  acta  similarly 
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to  the  >C0  group,  or  whether  it  is  only  when  separated  by  an 
unsaturated  group  that  this  imperfect  screening  effect  is  present. 
At  present  sufficient  data  are  not  available  to  enable  this  point 
to  be  decided  with  certainty.  It  may  be  that  the  exaltation  of 
refractive  power  is  caused  by  the  conjugation  of  the  chain  of 
groups  containing  ethenoid  linkings  with  a  carbonyl  group,  the 
influence  of  which  has  already  been  exalted  by  the  second  chain 
of  unsaturated  groups  to  which  it  is  contiguous,  or  it  may  be  that 
the  screening  effect  is  not  connected  with  the  unsaturated  character 
of  the  group  interposed.  The  determinations  of  magnetic  rotation 
led  Perkin  (Trans.,  1896,  69,  1091)  to  the  conclusion  that  the 
screening  effect  of  the  carbonyl  is  greater  than  that  of  the  methylene 
group.  There  are,  however,  considerable  differences  in  the  relative 
influence  of  the  CX)  and  CH2  groups  on  rotation  and  refraction. 
The  association  of  carbonyl  with  the  phenyl  nucleus  has  a  reducing 
influence  on  the  rotation  value  of  the  phenyl  group — a  result  which 
appears  to  be  entirely  at  variance  with  the  exaltation  of  refractive 
power  produced  by  the  conjugation  of  the  same  groups;  the 
molecular  refraction  of  benzaldehyde  is  greater  than  that  of  toluene, 
but  the  magnetic  rotation  of  the  former  is  less. 

Experimental. 

Determinations  of  Befractive  Power. 

(1)  Benzylideneacetone  in  chloroform  solution.  This  substance 
was  obtained  from  Kahlbaum,  and  was  recrystallised  from  alcohol. 
Melting  point  41—42°: 


Percentage 

strength  of  solution. 

Ma. 

M^. 

My. 

9-6273 

48-75 

51-60 

53-65 

8-1535 

48-27 

51-06 

53-80 

6-8712 

48-56 

51-33 

54-07 

14-6205 

48-50 

51-32 

53-63 

Mean 48-52*  51-33  53-79 

M/3  -  Ma  =  2-81  ;    My  -  Ma  =  5-27. 
*  Auwer.s   and   Eisenlohr   {Bcr.,  1910,  43,  817)   find,    for   llio   pure  substance, 
M„  =  48-41. 

(2)  Benzylideneacetophenone    in    chloroform    solution.      Melting 
point  58° : 


rercentnge 

strength  of  solution 

. 

M„. 

M/5. 

My. 

5-6935 

70-60 

75-40 

80-36 

4-6774 

70-42 

75-12 

81-04 

10-.''>939 

70-43 

75-30 

79  83 

Menu. 

70-48 

75-27 

80-25 

M/3   - 

-   Ma  = 

1-79  ; 

My 

-    Ma  = 

9-77. 
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(3)  Cinnamylideneacetone  (Diehl,  Ber.,  1885,  18,  2321)  in  chloro- 
form solution.  Melting  point  68 — 69°.  The  product  must  be  re- 
crystallised  before  using,  as  it  decomposes  on  keeping,  forming  an 
oily  residue  containing  both  acetic  acid  and  cinnamaldehyde : 


Percentage 

strength  of  solution. 

Mo. 

Mp. 

8-0070 

64-24 

70-92 

5-8710 

64-27 

70-79 

6-4876 

63-96 

70-65 

3-4655 

64-24 

71-07 

0-8150 

64-58 

— 

11-8473 

63-77 

70-38 

Mean 

64-19 

70-76 

I\ 

Is  -  Ma   - 

6-37. 

(4)  DihtnzylideJieacetone  in  chloroform  solution.  The  specimen 
used  was  obtained  from  Kahlbaum;  when  crystallised  from  alcohol 
it  melted  at  111—112°: 


strength  of  solution. 

Ma. 

M^. 

12-0201 

83-71 

91-68 

12-8012 

83-81 

91-70 

11-8836 

84-20 

92-21 

4-1027 

84-46 

93-08 

Mean  

84-04 

92-17 

a 

I^    -   Ma    - 

8-13. 

(5)  Cinnamylideneaceto'phenone  (Scholtz,  Ber.,  1895,  28,  1730)  in 
chloroform  solution.     Melting  point  102° : 


Percentage 

strength  of  solution. 

Ma. 

M^ 

5-7299 

87-53 

98-53 

5-7298 

87-25 

98-10 

17-4681 

87-72 

— 

5-2641 

87-85 

97-87 

Mean 

87-59 

98-17 

M^- 

-   Ma    = 

10-58. 

(6)  Cinn<inhylidenehenzyl%detieacetone  in  chloroform  solution. 
This  substance,  previously  prepared  by  condensing  cinnamylidene- 
acetone with  benzaldehyde  (Scholtz,  Ber.,  1896,  29,  614),  was  ob- 
tained as  follows.  66  Grams  of  cinnamaldehyde  and  73  grams  of 
benzylideneacetone  were  dissolved  in  150  gr.ams  of  ethyl  alcohol, 
and  200  c.c.  of  wat<;r  and  20  grams  of  10  per  cent,  aqueous  sodium 
hydroxide  were  added.  After  a  few  minutes  the  milky  solution 
became  intensely  yellow,  and  an  oil  separated,  which,  after  twenty- 
four   hours,  solidified   to  a   mass  of  yellow   crystals.     These,  when 
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recrystallised  from  a  mixture  of  chloroform  and  alcohol,  melted  at 
109°: 

Percentage 
strength  of  solution.  «  jSIo. 

5-1344  102-69 

(7)  Bicinnamylidene acetone,  (Diehl,  Ber.,  1885,  18,  2325)  in 
chloroform  solution.  The  yellow  needles  were  recrystallised  from 
acetone,   and  melted  at  142° : 

Percentage 

strength  of  solution.  Ma. 

0-8841  121-79 

2-7077  -                                121-65 

2-2509  122-46 

7-1955  12023 

Much  of  the  expense  of  this  research  has  been  met  by  a  grant 
from  the  Research  Fund  Committee  of  the  Chemical  Society. 

The  University, 
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CXXXVII. — The  Constitution  of  the  fi-Diketones. 

By  Ida   Smedley. 

The  investigation  both  of  the  magnetic  rotation  and  of  the 
molecular  refraction  of  ethyl  acetoacetate  and  its  alkyl  derivatives 
by  Perkin  (Trans.,  1892,  61,  800)  and  Briihl  {Ber.,  1892,  25,  369; 
J.  pr.  Chem.,  1894,  [ii],  50,  131)  led  to  the  conclusion  that  these 
compounds  were  ketonic  in  structure.  The  study  of  the  aliphatic 
)8-diketones  by  the  same  observers  showed  that  their  physical 
constants  did  not  accord  with  a  diketonic  structure.  To  acetyl- 
acetone  a  di-enolic  structure  was  ascribed  (Briihl,  /.  pr.  Cliem., 
1894,  [ii],  50,  192) ;  the  methyl  derivative  was  regarded  as  keto- 
enolic,  and  the  ethyl  derivative  as  a  true  diketone. 

In  the  light  of  our  present  knowledge  as  to  the  influence  of  the 
conjugation  of  unsaturated  groups  on  the  physical  constants  of 
compounds,  it  becomes  necessary  to  revise  the  conclusions  previously 
drawn  as  to  the  structure  of  the  aliphatic  /8-diketones. 

If  the  increment  in  refraction  produced  by  the  conjugation  of 
an  ethenoid  with  a  carbonyl  group  be  introduced,  the  calculated 
value  for  the  molecular  refraction  of  acetylacetone  in  its  keto- 
enolic  form  agrees  well  with  that  observed.  The  particular  type  of 
conjugation  occurring  in  the  keto-enolic  form  of  acetylacetone  is 
found  in  ethyl  crotonate,  the  refraction  of  which  has  been  measured 
(Briihl,  loc.  cit.),  and  may  therefore  serve  as  a  standard : 
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M.R.a 

(observed^ 

H  H  0 
Ethyl   crotonate,  jj^.(3.(^;^..QE^ >      31-5 

The  diflFerence  between  the  refraction  values  of  corresponding 

ethyl  and  methyl  esters  varies  from 4  "5  to    4  1 

Difference 27  0  to  274 

The  value  for  methyl  crotonate  may  therefore  be  assumed  to  lie 
between  270  and  27-4.  The  molecular  refractions  of  methyl 
crotonate  (I)  and  the  keto-enolic  form  of  acetylacetone  (II)  should 

H  H  0  HO  H  0 

Me-C:C-*C-OMe  Me-C:C-C*Me 

(I.)  (II.) 

closely  resemble  each  other;  the  value  actually  observed  for  acetyl- 
acetone is  27*3  (Perkin)  or  274  (Briihl).  The  evidence  from 
refractive  power  accords  therefore  with  the  keto-enolic  structure 
for  acetylacetone,  and  it  is  unnecessary  to  assume  the  existence 
of  the  di-enolic  form. 

The  substitution  of  a  methyl  groxip  for  one  of  the  hydrogen 
atoms  in  acetylacetone  is  accompanied  by  an  increase  of  3"35  units 
in  the  observed  molecular  refraction  (Perkin,  loc.  cit.)  : 


Methylacetylacetone    30  "64 

Acetylacetone    27"29 

3  35 

A  similar  substitution  in  a  compoiind  where  no  change  of  con- 
stitution is  probable  is  accompanied  by  an  increase  of  approximately 
45  units;  the  abnormally  small  increment  in  refraction  which  is 
observed  when  the  methyl  group  is  introduced  into  acetylacetone 
makes  it  appear  probable  that  there  is  a  difference  of  structure 
between  acetylacetone  and  its  methyl  derivative. 

The  value  actually  observed  for  methylacetylacetone  is  inter- 
mediate between  those  required  for  the  diketonic  and  keto  enolic 
forms  respectively: 

M.R.. 

\  alue  estimated  for  the  keto-enolic  form  (observed  value  for 

ethyl  crotonate)    81-5 

Value  estimated  for  the  diketonic  form  : 

M.R.a  methyl  ethyl  ketone  20f)7 

M.R.a  acetone '. le-O.") 

36-6 
Less  M.R.a  methane  6*6 

30-0  30-0 

Value  observed  for  methylacetylacetone 30-75 
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A  study  of  the  magnetic  rotatory  power  of  the  alkyl  derivatives 
of  acetylacetone  led  Perkin  to  the  conclusion  that  the  ethyl  com- 
pound was  a  diketone,  and  the  methyl  derivative  was  intermediate 
between  ethylacetylacetone  and  the  unalkylated  compound. 
Alkylation  tended  to  produce  the  ketonic  form.  The  same  rule 
appears  to  apply  to  the  refractive  power. 

The  order  of  the  increment  caused  by  the  conjugation  of 
unsaturated  groups  becomes  so  much  magnified  in  aromatic  sub- 
stances that  deductions  as  to  constitution  may  more  safely  be 
drawn,  and  it  was  therefore  a  matter  of  some  interest  to  investigate 
the  refractive  power  of  the  aromatic  )8-diketones. 

Benzoylaeetone. 

The  magnetic  rotation  of  this  compound  was  determined  by 
Perkin,  who  found  that  it  approached  most  nearly  to  that  required 
by  the  hydroxy-ketonic  formula,  being  1'051  units  in  excess  of  that 
calculated : 

Magnetic  Rotation. 

Calculated  for  hydroxyketonic  formula 17731 

Observed 18-782 

In  his  investigation  of  the  magnetic  rotation  of  cinnamyl  com- 
pounds, Perkin  (Trans.,  1896,  69,  1145)  showed  that  all  gave 
values  higher  than  those  calculated.  The  increments  show  some 
variation:  in  the  case  of  benzylideneacetone  it  reaches  1'489 
(4-323— 2-834),  whilst  for  cinnamaldehyde  it  is  0-89  (3-724—2-834). 
The  increment  observed  in  the  case  of  benzoylaeetone  agrees  there- 
fore with  its  representation  by  the  formula 

HO  HO 

Ph-c:c-b'-Me" 

The  molecular  refraction  now  determined  in  chloroform  solution  is 
M„  =  50-3;  My-M„  =  5-8. 
A  comparison  of  this  value  with  that  obtained  for  benzylidene- 
acetone (this  vol.,  p.  1482)  shows  that  the  observed  value  for 
benzoylaeetone  is  in  accordance  with  that  required  for  a  hydroxyl 
derivative  of  benzylideneacetone : 

M.R.a.  My -Ma. 

Benzylideneacetone 48 -.'i  5*3 

Rcplacenicnt  of  H  by  OH   1-5  — 

HO  H  O  

Ph-(J:C-C-Me       -"^OO  5'^ 

OI)scrvcd  for  benTOylacetone  50-3  5*8 

These  results  are  within  the  limits  of  accuracy  of  the  experi- 
mental method  used. 
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Dih  enzoylmethan  e. 

The  constitution  of  this  substance  was  discussed  by  Wislicenus 
(Annalen,  1899,  308,  219),  who  claimed  to  have  isolated  a  diketonic 
form  isomeric  with  the  substance  originally  obtained  by  Baeyer  and 
Perkin  (Ber.,  1883,  16,  2134),  to  which  latter  Wislicenus  therefore 
ascribed  a  hydroxy-ketonic  structure.  Subsequently,  Ruhemann 
and  Watson  (Trans.,  1904,  85,  456)  showed  that  the  compound 
described  by  Wislicenus  was  not  isomeric  with  dibenzoylmethane, 
but  was  the  ethoxy-derivative  of  benzylideneacetophenone. 

Dibenzoylmethane,  obtained  by  the  condensation  of  ethyl 
benzoate  and  acetophenone,  is  generally  pink  or  red  in  colour 
(possibly  due  to  the  presence  of  traces  of  an  iron  salt),  and  it  is 
difficult  completely  to  remove  this  colour  by  recrystallisation.  If, 
however,  the  dibenzoylmethane  is  dissolved  in  cold  concentrated 
sulphuric  acid  and  reprecipitated  by  water,  its  melting  point  is 
unchanged  (78°),  but  it  is  now  pale  yellow  in  colour,  nor  is  this 
colour  removed  by  repeated  recrystallisation.  The  colour  is 
interesting,  because  it  closely  resembles  that  of  benzylideneaceto- 
phenone, whereas  in  the  alkyl  derivatives  of  dibenzoylmethane  no 
yellow  colour  could  be  detected.  The  ethoxy-derivative  of 
benzylideneacetophenone  appeared  also  to  be  persistently  yellow. 
So  far  therefore  as  the  argument  from  colour  is  concerned, 
benzylideneacetophenone,  its  ethoxy-derivative,  and  dibenzoyl- 
methane may  be  classed  together  as  pale  yellow  compounds. 
The  alkyl  derivatives  of  dibenzoylmethane  are,  however,  colourless. 

Refractive  Power. — The  values  estimated  for  the  hydroxy-  and 
ethoxy-derivatives  of  benzylideneacetophenone,  together  with  those 
observed  for  dibenzoylmethane  and  ethoxybenzylideneacetophenone, 
are  as  follows: 

Ma.  M^.  My.        Ma.  M/3.  My. 

Benzylideneacetophenone    70 '4        75 'S        79-3 

Replacement,  H  by  on  1-4  14  14 

(Benzyl  alcohol — toluene) 

E.stiniated  value  for     ^0  11  0        7^.8         75.7         go-7 

Ph-C:C*C-Ph 
Obsorved  value  for  dibenzoylmethane 74 '6        81  "5        88*0 

Difference 2S  4-8  7-3 

Benzylideneacetophenone     70'4         75"3         79*3 

Replacement,  H  by  ORt  10-6        107         10-8 

Estimated  value  for     ^'^91^.9        81*0        86-0        90*1 

rh'C:C*C-Ph 
Observed  valu'  f"'  "♦I'AvybcnzylidenpneetopliciinTi"  79-6         85*2  — 

Difference 1*4  Q-S  — 

The  differences  between  the  observed  and  calculated  values  for 
ethoxybenzylideneacetophenone  are  within  those  allowed  for  the 
experimental  error  of  the   method   used   (2    per   cent.),   and  there 
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is  no  marked  increase  in  dispersion.  The  increase  in  dispersion  and 
the  magnitude  of  the  difference  in  the  case  of  dibenzoylmethane  are, 
however,  beyond  those  which  can  be  regarded  a-s  due  to  experimental 
error.  The  estimated  value  for  the  diketone  would  be  obviously 
much  less  than  that  for  the  hydroxy-ketone : 

[2M.R.„  Ph-CO-Me  -  M.R.,  CH^  =  72-0  -66  =  65-4]. 
It  was  thought  that  a  possible  explanation  might  be  found  for 
the  discrepancy  by  attributing  a  di-enolic  structure  to  dibenzoyl- 
methane, which  would  then  be  represented  as  an  allene  derivative, 

HO      OH 

Ph-c:c:c-Ph' 

It  was  conceivable  that  if  this  represented  the  structure  of 
dibenzoylmethane,  its  carboxyl  derivative  might  show  optical 
activity;  the  ^^-carbethoxyl  derivative  was  prepared  by  condensing 
diethyl  terephthalate  with  acetophenone  in  the  presence  of 
sodamide,  and  showed  the  red  tinge  characteristic  of  dibenzoyl- 
methane; it  melted  at  98°.  It  was  soluble  in  sodium  hydroxide, 
and  gave  an  intense  red  colour  with  ferric  chloride.  On  hydrolysis, 
a  pale  yellow  carboxyl  compound,  melting  at  232°,  was  obtained. 
Its  strychnine  and  cinchonine  salts  were  prepared  in  a  crystalline 
state  from  solution  in  methyl  alcohol,  but  specimens  of  the  acid 
prepared  from  successive  fractions  of  the  crystals  obtained  showed 
no  trace  of  optical  activity. 

The  refractive  power  of  certain  aliphatic  allene  derivatives  was 
investigated  by  Briihl,  who  concluded  that  no  exaltation  of  refrac- 
tive power  occurs  such  as  accompanies  the  conjugation  of  two 
ethenoid  linkings. 

Tetraphenylallene  was  prepared  by  the  distillation  of  barium 
diphenylacetate  (Vorlander,  Ber.,  1906,  39,  1024),  and  its  refractive 
power  examined.  In  preparing  this  substance,  a  mixture  of  two 
hydrocarbons  at  once  crystallised  from  the  oily  distillate  as 
Vorlander  described;  these  were  separated,  and  on  leaving  the 
remaining  oil  for  some  weeks,  large,  transparent  plates,  identified  as 
tetraphenylacetone,  were  also  obtained.  These  melted  at  27 — 28°; 
no  oxime  could  be  obtained  by  prolonged  boiling  with  hydroxyl- 
amine  solution ;  this  is  probably  an  instance  of  the  action  of  steric 
hindrances. 

Molecular  Refraction  estimated  for  Tetraphenylallene. 

2M.R.a  flw-diphenylethyleno,  PhaCrCHj.        2  x 

60-1   =     120-2 

-M.K.aCH4  6-6 

113-6 

Observed  value    117-7 

Difference 4-1 
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Molecular  Refraction  estimated  for   Tetraphenylallene. 

The  exaltation  produced  is  therefore  very  much  less  than  when 
double  bonds  enter  into  conjugation  (compare  Trans.,  1908,  93, 
372),  and  is  insufficient  to  explain  the  high  value  found  for  the 
molecular  refraction  of  dibenzoylmethane.  From  the  data  avail- 
able, the  calculated  values  for  the  di-enolic  allene  form  and  the 
hydroxy-ketonic  form  of  dibenzoylmethane  do  not  greatly  differ. 

Molecular   'Refraction   estimated  for  Dihydroocydi'phenylallene. 

Ma.  Mp. 

M.R.  tetraphenylallene 117-7  124-5 

-2(M.R.  Ph.X':CHo-M.R.  Pli"HC:CH„)  ...  -48-2  -49-8 

+  2(0H-H)' ." '. +2-8  +2-8 


72  3  77-5 

Observed  value  for  dibenzoylmethane 74  '6  8 1  '5 

[Estimited  value  for  hydroxy-ketonic  formula  71  "8  76  7] 

No  evidence  could  therefore  be  obtained  in  favour  of  the  existence 
of  a  di-enolic  form  of  dibenzoylmethane.  It  is  probable  that  di- 
benzoylmethane does  exist  in  the  hydroxy-ketonic  form ;  a  possible 
explanation  of  the  abnormal  refractive  power  may  perhaps  lie  in 
the  symmetry  of  the  molecule  and  the  consequent  oscillation  of  a 
hydrogen  between  the  two  oxygen  atoms.  If  this  be  so,  the 
deviation  should  be  less  when  substituents  are  introduced  into  one 
of  the  phenyl  nuclei ;  but  at  present  there  is  not  sufficient  evidence 
to  show  that  the  possibility  of  such  an  oscillation  is  attended  with 
an  exaltation  of  refractive  power. 

Alkyl  Derivatives  of  Dibenzoylmethane. 

The  aa-  and  )8j8-dibenzoylpropanes  were  prepared,  and  their 
refractive  powers  examined.  The  molecular  refractions  of  both  are 
best  in  accordance  with  the  diketonic  structure. 

Molecular  Refraction  estimated  for  fifi-Dibenzoylpropane. 

Ma.  Mp.  My. 

M.R.  [2Ph-C0-Me-|--C-]    744  —  77-91 

Observed :  aa- Dibenzoylpropane    74*98  78-40  79-37 

fi/3l)ilx'ii/,.ylpropane    ".'i-99  78-25  — 

Action  of   Grignard's  Reagent   on   the  Aropiatic  fi-Diketones. 

The  application  of  Hibbert  and  Sudborough's  method  for  the 
determination  of  the  number  of  hydro.xyl  groups  present  in  the 
aromatic    jS-diketones  by    observing    the    volume   of  gas  liberated 
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•  when  a  known  quantity  of  the  substance  is  treated  with  excess  of 
the  Grignard  reagent,  gave  results  agreeing  with  the  presence  of  one 
hydroxyl  group  in  dibenzoylmethane  and  with  a  diketonic  structure 
for  dimethyldibenzoylmethane.  In  the  case  of  benzoylacetone,  the 
volume  of  gas  evolved  was  about  two-thirds  of  that  required  by 
theory  for  the  hydroxy-ketonic  structure. 

A  study  of  the  products  formed  showed  that  iS^S-dibenzoylpropane 
reacts  with  magnesium  methyl  iodide,  forming  the  tertiary  alcohol, 
CeH5-CO-CMe2-CMe(OH)-C6H5.  The  chief  product  of  the  inter- 
action of  dibenzoylmethane  and  magnesium  phenyl  iodide  was 
always  the  unchanged  substance;  a  small  amount  of  a  pale  yellow 
substance,  melting  at  89°,  was  obtained,  analysis  of  which  agreed 
with  the  formula  C(C6H5)2:CH-CO-C6H5. 

Experimental, 

Benzoylacetone. — This  substance  was  obtained  from  Kahlbaum 
and  recrystallised  from  alcohol.  Its  refractive  power  was  examined 
in  chloroform  solution : 

My. 
56  05 

Dih enzoylmethane. — The  dibenzoylmethane  used  was  prepared  by 
the  condensation  of  ethyl  benzoate  and  acetophenone  in  dry  ethereal 
solution  under  the  influence  of  sodamide  (Claisen,  Ber.,  1905,  38^ 
693).  The  sodium  compound  was  decomposed  by  gradually  adding 
it  to  glacial  acetic  acid,  precipitating  by  the  addition  of  water, 
and  recrystallising  from  methyl  alcohol  and  light  petroleum.  The 
crystals  so  obtained  were  always  of  a  pink  tinge,  and  melted  at  78°. 

Determination  of  refractive  power  in  chloroform  solution : 


My. 

87-96 


Ethoxyhcnzylideneacetophenone. — The  starting  point  in  pre- 
paring this  substance  was  dibenzylideneacetophenone  (Ruhemann 
and  Watson,  Trans.,  1904,  85,  456) ;  in  brominating  this,  the 
dibromide  described  by  Wislicenus,  melting  at  157 — 158°,  was 
obtained,  and  in  addition  a  stereoisomeric  compound,  melting  at 
112—113°  (Proc,  1909,  25,  259). 

The  pale  yellow  crystals  of  ethoxybenzylideneacetophenone  melted 


Percentage 

strength  of  solution. 

Ma. 

M,3. 

10-459 

50-28 

53-52 

Percentage 

strength  of  solution. 

Ma. 

M^. 

3-2007 

74-16 

81-43 

9-0754 

74-56 

81-45 

8-0884 

74-96 

81-67 

Mean 

74-56 

81-52 
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at    78°;     their    refractive    power   was    determined    in    chleroform 
solution : 


Percentage 

strength  of  solution. 

M«. 

>M. 

1-5710 

79-95 

85-16 

3-0607 

79-25 

— 

Preparation  of  -p-Carbethoxydibenzoylmethane.  —  Twenty-two 
grams  of  diethyl  terephthalate  and  11  grams  of  acetophenone  were 
dissolved  in  dry  ether,  and  8  grams  of  sodamide  gradually  added. 
The  mixture  was  surrounded  by  ice  and  kept  overnight.  The 
insoluble  sodium  compound  which  separated  was  collected,  and 
decomposed  with  ice  and  glacial  acetic  acid;  the  product,  when 
recrystallised  from  methyl  alcohol,  melted  at  97 — 98°.  It  was  pink 
in  colour,  soluble  in  sodium  hydroxide,  and  gave  an  intense  red 
colour  with   ferric  chloride: 

0-0973  gave  0*2600  CX)^  and  0044  H2O.     C  =  72-88;  H  =  503. 
CigHigO^  requires  0  =  7297;  H  =  5-40  per  cent. 

Hydrolysis. — Twenty  grams  of  the  carbethoxy-compound  were 
dissolved  in  boiling  alcohol,  a  10  per  cent,  solution  of  alcoholic 
potash  added,  and  the  mixture  warmed  on  a  water-bath  for  from 
five  to  ten  minutes.  The  yellow  insoluble  potassium  salt  which 
separated  was  dissolved  in  wat^r,  and  the  solution  acidified  with 
dilute  hydrochloric  acid.  A  pale  yellow  substance,  melting  at  225°, 
separated,  which  was  very  sparingly  soluble  in  alcohol,  but  could  be 
recrystallised  from  ethyl  acetat«  or  from  glacial  acetic  acid;  it 
melted  at  232°  when  recrystallised  from  ethyl  acetate. 

Preparation  of  Tetraphenylacetone. — From  the  oily  distillate 
obtained  by  distilling  barium  diphenylacetate  (Vorlander  and 
Siebert,  Ber.,  1906,  39,  1024)  under  a  pressure  of  10  mm.,  there 
separated  white  crystals,  which  on  recrystallisation  from  alcohol 
melted  at  166°,  and  consisted  of  tetraphenylallene.  The  melting 
point  of  successive  crops  of  crystals  was  lower,  and  consisted  of  a 
mixture  of  the  two  hydrocarbons  described  by  Vorlander.  The 
oily  residue  was  kept  for  some  weeks,  and  eventually  crystallised, 
large,  transparent,  tabular  plates  being  formed  at  the  surface  of 
the  liquid.  These  melted  at  24 — 26°,  and  on  recrystallisation  from 
dilute  alcohol  at  27—28°: 

01104  gave  0-3634  COg  and  00585  HoO.     C  =  89-77;  H  =  5-79. 
C27H22O  requires  C  =  8950;  H=:607  per  cent. 

This  substance  is  therefore  the  tetraphenylacetone  which 
Vorlander  and  Siebert  assumed  to  be  first  formed  in  the  reaction, 
but  which  they  did  not  then  succeed  in  isolating. 

A  solution  heated  on  a  water-bath  for  twelve  hours  with  a  large 
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excess  of  hydroxylamine   appeared   unchanged;    the  original  sub- 
stance was  recovered,  and  no  oxime  could  be  detected. 

Befractive  Power  of  Tetraphenylacetone. 

Percentage  of  substance  in 

chloroform  solution.  Ma.  M/s. 

4-3617  115-3  119-3 

Refractive  Power  of  Tetraphenylallene  (m.  p.  166°). 

Percentage  of  substance  in 

chloroform  solution.              Ma.                              M/j.  My. 

1-7290  117-91  124-97  128-29 

2-1585  117-55  124-0  1259 

aa-Dib  enzoylpropane. 

This  substance  cannot  be  directly  prepared  from  dibenzoyl- 
methane  by  ethylation;  it  -was  obtained  (Auger,  Ann.  Chim.  Phys., 
1891,  [vi],  22,  351)  by  the  action  of  aluminium  chloride  on  a  mix- 
ture of  benzene  and  the  dichloride  of  ethylmalonic  acid,  and  the 
product  purified  by  distillation  under  diminished  pressure.  The 
distillate  remained  for  a  long,  time  as  an  oil  -which  only  gradually 
solidified  after  keeping  for  some  days.  It  -was  purified  by  re- 
crystallisation  from  alcohol  and  from  petroleum,  and  eventually 
obtained  in  colourless  needles,  melting  at  86 — 87°. 

An  attempt  to  prepare  dibenzoylethane  by  condensing  propio- 
phenone  and  ethyl  benzoate  in  dry  ethereal  solution  in  the  presence 
of  sodamide  -was  not  successful.  An  insoluble  sodium  compound  is 
formed,  which  appears  to  be  hydrolysed  with  extreme  ease. 

Refractive  Power  of  aa-Dib enzoylpropane. 

My. 

79  37 

Pfi-Dibenzoylpropane. 

This  was  prepared  by  condensing  the  dichloride  of  dimethyl- 
malonic  acid  with  benzene  in  the  presence  of  aluminium  chloride. 

One  Hundred  grams  of  dimethylmalonic  acid  and  170  grams  of 
thionyl  chloride  were  heated  from  three  to  four  hours  on  a  water- 
bath,  and  the  pro.duct  then  distilled  under  diminished  pressure. 
Forty  grams  of  the  dichloride  thus  obtained  were  dissolved  in 
400  c.c.  of  benzene,  and  60  grams  of  aluminium  chloride  gradually 
added.  Tlie  mixture  was  kept  overnight,  and  then  heated  for  two 
hours  on  a  water-bath.     After  distilling  off  the  excess  of  benzene, 


Percentage  of  subtance  in 
chloroform  solution. 

Ma. 

M^. 

3-5043 

74-98 

78-40 
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the  warm  product  was  poured  into  water  and  extracted  with  ether. 
The  excess  of  ether  was  evaporated  and  light  petroleum  added 
to  the  concentrated  ethereal  solution,  when  colourless  needles 
separated.  These,  when  recrystallised  from  light  petroleum,  melted 
at  99°,  and  gave  no  red  coloration  with  ferric  chloride : 

0-1238  gave  0-3640  CO,  and  0-0730  H,0.     C  =  80-19 ;  H  =  6-55. 
C17H15O2  requires  C  =  80-95;  H  =  6-35  per  cent. 

Refractive  Power  of  $P-Dibenzoi/lpropane. 


rcetitage  of  substance  in 

chloroform  solution. 

Ma. 

M^. 

5-1545 

75-99 

78-25 

Action  of   Grignard  Reagent   on  ^fi-Dibemot/lpropane. 

To  an  ethereal  solution  of  1  gram  of  magnesium  and  6  grams  of 
methyl  iodide,  an  ethereal  solution  of  5  grams  of  )3/3-dibenzoyl- 
propane  was  added.  After  keeping  overnight,  the  product  was 
decomposed,  first  with  ice-water,  and  then  with  30  per  cent,  sulphuric 
acid.  The  solution  was  extracted  with  ether,  and  the  product 
distilled  under  diminished  pressure. 

A  fraction  boiling  between  120°  and  125°/ 55  mm.  was  obtained, 
which  gave  a  red  colour  with  ferric  chloride : 

0-0867  gave  0-2555  COg  and  00593  HgO.     0  =  803;  H  =  7-6. 
C18H20O2  requires  0  =  80*60;  H  =  7-44   per  cent. 

The  product  is  therefore  the  tertiary  alcohol, 
C6n5-CO-CMeo-CMe(OH)-C6H5. 


Estimation  of  Hydroxyl  Groups  Present  in  the  Aromatic 
P-Diketones. 

A  solution  of  magnesium  methyl  iodide  in  amyl  ether  was  used 
as  described  by  Hibbert  and  Sudborough  (Trans,,  1904,  85,  933). 
This  reagent,  together  with  a  weighed  quantity  of  the  substance, 
was  introduced  into  a  flask,  and  the  volume  of  gas  evolved  measured 
in  a  nitrometer : 


Weight, 
Substance.  ^nun. 

iSB-Dibcnzoylpropanc OH  4 

0130 

Dibenzoylmethane  0-2168 

0  256 

Benzoylacetonc    0-42'2i 

0-183 

Vol  xcvii. 


Volume 

Volume  of 

corresponding 

with  pres*»nci-  ot 

one  hydroxyl 

gas  evolved 
(N.T.P.) 

group  in  the 
molecule. 

C.C. 

CO. 

0-0 

— 

0  0 

— 

1932 

21-5 

25-4 

25-4 

.36 -2 

58  0 

17  (J 

26-1 

5   F 
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Action  of  Magnesium  Phenyl  Bromide  on  Dibensoylmethane. 

2*4  Grains  of  magnesium  were  treated  with  21  grams  of  bromo- 
benzene  in  dry  ethereal  solution,  and  the  product  was  added  to  an 
ethereal  solution  containing  10  grams  of  dibenzoylmethane.  After 
keeping  overnight,  the  product  was  heated  for  six  hours  on  a 
steam-bath.  After  decomposing  with  ice  and  with  30  per  cent, 
sulphuric  acid,  the  product,  after  extracting  with  ether,  was 
distilled  under  a  pressure  of  20  mm.  The  fraction  boiling  between 
200°  and  230°  was  dissolved  in  alcohol,  and  deposited  pink  crystals 
of  dibenzoylmethane  and  pale  yellow  crystals;  the  latter  were 
separated  mechanically  and  recrystallised  from  alcohol.  They 
melted  at  89°,  and  gave  the  following  result  on  analysis : 

0-1151  gave  0-3732  OOg  and  0-0637  HgO.     C  =  88-44;  H  =  6-17. 
CgiHjgO  requires  C  =  88-74;  H  =  5-63  per  cent. 

The  substance  gave  no  red  coloration  with  ferric  chloride,  and 
was  insoluble  in  alkali.  It  was  therefore  probably  ;8-benzoyl- 
aa-diphenylethylene.  The  yield  was  exceedingly  poor,  most  of  the 
dibenzoylmethane  being  recovered  unchanged. 

In  a  subsequent  experiment,  in  which  an  excess  of  magnesium 
phenyl  bromide  (2-4  grams  of  magnesium  and  30  grams  of  bromo- 
benzene)  was  added  to  an  ethereal  solution  of  5  grams  of  dibenzoyl- 
methane, a  very  small  quantity  of  yellow  crystals,  melting  at  188°, 
was  obtained ;  the  amount  was  not  sufl&cient  for  investigation. 

Much  of  the  expense  of  this  investigation  has  been  met  by  a 
grant  from  the  Research  Fund  Committee  of  the  Chemical  Society. 

Thk  University, 

Manchester. 


CXXXVIII. — The  Relation  hetiveen  Ahsoiytion  Spectra 
and  Chemical  Constitution.  Part  X  V.  The  Nitrated 
Azo-  compounds. 

By  Edward  Charles  Cyril  Baly,  William  Bradshaw  Tuck,  and 
Effie  Gwendoline  Marsden. 

In  a  recent  paper  (this  vol.,  p.  571),  we  described  the  results  of  an 
investigation  of  the  absorption  spectra  of  a  number  of  aromatic 
nitro-compounds,  and  showed  that  the  absorption  and  colour  of 
these  substances  is  to  be  explained  by  the  isorropesis  between  the 
residual  affinity  of  the  nitro-group  and  that  of  the  phenyl  or 
substituted  phenyl  residue.  We  pointed  out  that  the  quinonoid 
theory   is   entirely   unnecessary,    and  in  some    cases  impossible    of 


ABSORPTION    SPECTRA   AND   CHEMICAL   CONSTITUTION.      1495 

acceptance,  since  it  fails  in  the  case  of  the  meta-nitro-derivatives. 
The  quinonoid  explanation  has  received  considerable  support  from 
a  series  of  investigations  by  Hewitt  and  his  co-workers  on  certain 
nitroazo-compounds.  We  have  examined  the  same  compounds  as 
described  by  Hewitt,  and  we  find  that  our  results  do  not  support 
the  quinonoid  hypothesis,  but  are  very  strongly  in  favour  of  the 
explanation  put  forward  in  our  previous  paper. 

In  the  first  place  Hewitt  and  Mitchell  (Trans.,  1907,  91,  1251) 
deal  with  the  ^^-nitroazophenols,  and  show  that  the  colour  of  these 
compounds  changes  from  yellow  to  red  when  they  are  converted  into 
their  alkali  metal  salts,  whilst  2J-nitrobenzene-4-azo-o-naphthol,  itself 
a  red  substance,  gives  blue  alkali  salts.  The  neutral  and  alkaline 
solutions,  they  say  (p,  1255),  exhibit  absorption  of  radically  different 
type,  except  where  the  presence  of  inhibiting  groups  prevents  the 
formation  of  the  diquinonoid  structure.  They  interpret  their 
results  by  assigning  the  two  structures : 

respectively  to  the  parent  substance  and  the  sodium  salt.  More- 
over, they  say  that  the  parent  compound  in  -T/500-solution  exhibits 
only  general  absorption  from  A.  =  500/i,  whilst  the  potassium  salt 
in  iV/20,000-solution  exhibits  an  absorption  band  between  \  =  532/i 
and  A  =  485/1. 

A  further  argument  which  they  bring  forward  in  support  of  their 
view  that  the  alkali  salts  are  quinonoid  is  the  relative  behaviour  of 
the  two  isomeric  p-iiitrobenzene-4-azo-a-naphtholcarboxylic  acids : 


OH 


(B.) 

Both  these  compounds  give  blue  solutions  in  the  presence  of 
sodium  hydroxide,  but  compound  A  gives  a  blue  precipitate  with 
lead  acetate,  whilst  B  gives  a  red  precipitate.  Hewitt  and  Mitchell 
attribute  to  these  precipitates  the  formulae: 

O 
_  cJ— O— Pb 

>n/   \n:n<(~\-o/ 

~   o 

(A.)  (B.) 

5  F  2 
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As  the  result  of  our  investigations,  we  do  not  agree  with  Hewitt 
and  Mitchell  that  there  is  a  radical  difference  between  the  absorp- 
tion of  the  nitroazophenols  and  their  sodium  salts,  or  between  the 


Fio.  1. 
Upper  curves  : 

Full  curve  :  o-Nitrobenzcneazophenol  in  aUohot. 

Dotted  curve  :  o-Nitrohenzeiuazo]}heiiol  in  alcoholic  NaOEt. 

Dot  and  dash  curve  :  '\)-Benzoqui7wneazine. 

Oscillation  frequencies. 

18  2000   22     24    26  28  3000  32    34   36   38  4000  42 
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m-AKrobenzeneazophenol  in  alcohol. 
m-Nitrobenzeneazophenol  in  alcoholic  NaOEt. 
ui-Nilrobenzencazodimethylanilinc  in  alcohol. 


nitroazonaphthols  and  their  sodium  salts.  The  absorption  curves 
of  the  two  classes  of  compounds  are  shown  in  Figs.  1,  2,  and  3,  and 
it  may  be  seen  that  the  absorption  with  and  without  alkali  is  of 
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exactly  the  same  type,  the  only  difference  being  that  there  is  a 
shift  towards  the  red  on  the  addition  of  the  alkali.  This  is  exactly 
similar  to  the  shift  observed  with  the  nitrophenols,  and  is  capable 


Upper  curves : 

Full  curve : 

Dotted  curve  : 

Dot  and  dash  curve  : 


Fig.  2. 

j)-Nitroben-eneazophe7iol  in  alcoliol. 
p-Nitrobenzeiicazophcnol  in  alcoholic  XaOEt. 
\>-NUrobenzeneazodimethylaniline  in  alcohol. 
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Lower  curves  : 

Full  curve  :        o-Nitrobtnzoicazo-a-napJithol  in  alcohol. 

Dotted  curve  :  o-Nitrobcnzcneazo-anaphthol  in  alcoholic  NaOEt. 


of  the  same  explanation,  namely,  that  it  is  due  to  the  shift  which 
occurs  when  alkali  is  added  to  a  solution  of  phenol  itself.  If 
Hewitt  and  Mitchell  had  examined  J^nitrobenzcncazophenol  at  the 
same  strength  as  its  potassium  salt,  they  would  also  have  found  an 
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absorption  band.  Exactly  the  same  shift  is  to  be  observed  with 
benzeueazophenol  as  has  been  previously  shown  by  one  of  lis  (Tuck, 
Trans.,  1907,  91,  450). 

We  have  examined  the  absorption  spectra  of  the  three  isomeric 
nitrobenzeneazophenetoles,  and  find  them  identical  with  those  of 
the  corresponding  nitrobenzeneazophenols.  The  absorption  spectra 
of  the  nitrobenzeneazodimethylanilines  were  also  investigated;  only 
the  m-  and  p-isomerides  were  prepared,  and  it  was  found  that  their 
absorption  is  very  similar  to  that  of  the  corresponding  sodium 
nitrobenzeneazophenoxides  (see  Figs.  1  and  2).  Since  it  is,  of 
course,  impossible  for  the  former  compounds  to  be  quinonoid,  this 
similarity  argues  strongly  against  the  quinonoid  structure  of  the 
sodium  salts  of  the  nitroazophenols. 

In  order  to  obtain  conclusive  evidence,  we  have  examined  the 
absorption  spectrum  of  ^^-benzoquinoneazine, 

o:/^\:n.n:<^^\:o, 

which  contains  the  diquinonoid  linking  exactly  as  is  claimed  by 
Hewitt  and  Mitchell  for  the  sodium  salt  of  2'-iiitrobenzeneazo- 
phenol.  The  curve  is  shown  in  Fig.  1,  and,  as  can  be  seen,  bears 
no  resemblance  to  any  of  the  nitroazophenol  curves.  It  is  evident 
therefore  that  the  latter  compounds  cannot  be  quinonoid. 

In  reference  to  y-benzoquinoneazine,  a  very  striking  resemblance 
exists  between  its  absorption  and  those  of  the  o-hydroxyazo-com- 
pounds  which  one  of  us,  from  observations  of  their  absorption 
spectra,  concluded  were  quinonehydrazones  (Tuck,  loc.  cit.).  The 
result  given  by  benzoquinoneazine  is  additional  evidence  in  favour 
of  this  conclusion. 

Turning  to  the  two  isomeric  ^nitrobenzeneazo-a-naphthol- 
carboxylic  acids  mentioned  above,  it  appears  to  us  that  the  argument 
of  Hewitt  and  Mitchell  is  fallacious.  Both  acids  are  blue  in  alkaline 
solution,  and  therefore,  according  to  their  view,  both  are  quinonoid, 
that  is,  they  have  the  formulae: 


NaO 


g>N:/3:N.N:/   >:o      ^^ni^^in-n: 


NaO-C 
O 


(A.)  (15.) 

Now,  in  A  it  is  true  that  there  are  two  neighbouring  ONa  groups 

which  may  give  a  lake,  but  this  is  not  the  case  in  B,  for  the  two 

ONa  groups  are  at  opposite  ends  of  the  molecule.     It  is  therefore 

impossible  for  Hewitt  and  Mitchell's  lake  formation  to  take  place 
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Fig.  3. 
Upper  carves : 

Full  curve  :       m-Niirobenzeneazo-a-napJUhol  in  alcohol. 

Dotted  curve  :  m-Iiitrobenzeneazo-a-naphtkol  in  alcoholic  NaOEt. 

Oscillation  freqxtencies. 

18  2000  22    24   26    28  3000  32   34    36    38  4000  42 
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Lower  curves  : 

Full  curve  :       ^-Nitrdbcnzentazotn-nafMhol  in  alcohol. 

Dotted  curve  :  ]>-Nitrobenz^neazo-anaphthol  in  alcoholir.  NaOEt. 
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100     2 


in  B  unless  the  Na  attached  to  the  NOo  group  were  tautomeric.     If 
it  were  labile,  then  the  two  forms  B  and  B'  would  be  in  equilibrium : 


() 
II 
C-ONa 


NaO 


>n:/   \n-n:/ 


y 


(B.) 


(B'.) 
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But  the  whole  essence  of  the  argument  depends  on  there  not  being 
any  such  equilibrium  in  existence,  for  if  an  equilibrium  did  exist 
it  would  be  impossible  to  attribute  a  definite  reaction,  such  as  lake 
formation,  to  one  phase  and  one  phase  only.  It  appears  therefore 
to  us  that  Hewitt  and  Mitchell's  deduction  of  the  quinonoid 
structure  from  the  lake  formation  is  unsound. 

Now,  we  have  prepared  and  investigated  the  properties  of  the 
two  isomeric  acids : 


o.,N<      >n:n<      >oh  cOgH/     >n:n<      >oh 

and  ^— kV.  > 

(C.)  (D.) 

and  we  find  that  C,  which  is  blue  in  alkaline  solution,  also  gives 
a  blue  precipitate  with  lead  acetate,  whilst  D,  which  is  purple  in 
alkaline  solution,  gives  a  purple  precipitate  with  barium  chloride. 
As  in  neither  case  are  there  two  adjacent  hydroxyl  groups,  it 
follows  that  the  formation  of  insoluble  "  lakes  "  cannot  in  any  way 
be  taken  as  evidence  of  there  being  two  such  adjacent  groups. 

We  have  further  investigated  the  reactions  of  the  above  two 
acids  (C  and  D)  and  also  of  Hewitt  and  Mitchell's  acid  (B),  and 
we  find  that  various  coloured  precipitates  can  be  obtained  with  the 
greatest  ease  according  to  the  strength  of  the  solution.  The 
explanation  lies  in  the  fact  that  the  sodium  salts  of  the  three  acids 
form  colloidal  solutions  and  may  be  precipitated  at  once  by  the 
addition  of  any  metallic  salt.  For  example,  if  to  a  strong  aqueous 
solution  of  the  sodium  salt  of  Hewitt  and  Mitchell's  acid  (B)  a  few 
drops  of  an  aqueous  solution  of  sodivim  chloride  be  added,  the 
sodium  salt  is  thrown  down  as  an  insoluble  blue  precipitate.  If,  on 
the  other  hand,  a  dilute  solution  of  the  sodium  salt  be  used,  the 
addition  of  the  sodium  chloride  solution  turns  it  red,  and  in  a  few 
moments  the  acid  itself  is  thrown  down  as  a  red  precipitate. 
Exactly  the  same  is  true  in  the  case  of  the  two  isomeric  acids 
A  and  B  above.  It  appears  therefore  that  no  evidence  whatever 
as  regards  structure  can  be  obtained  from  the  behaviour  of  these 
acids  with  lead  acetate.  The  evidence  obtained  from  the  absorption 
spectra  is  overwhelmingly  against  the  quinonoid  configuration  of  the 
nitrobenzeneazophenols  and  a-naphthols,  and  we  therefore  attribute 
the  same  explanation  as  was  put  forward  in  our  previous  paper, 
namely,  that  the  absorption  is  due  to  the  association  of  the  residual 
affinities  of  the  nitrophenyl,  azo-,  and  phenol  or  naphthol  groupings, 
and  that  the  shift  of  the  absorption  band  on  the  addition  of  alkali 
is  due  to  the  same  cause  as  the  shift  in  the  absorption  of  phenol 
itself  when  alkali  is  added.  It  may  be  seen  from  the  figures  that 
in  the  case  of  the  nitrobenzeneazophenols  the  shifts  produced   by 
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the  addition  of  alkali  to  the  ortho-,  meta-,  and  para-isomerides  are 
670,  700,  and  600  units  respectively.  In  the  case  of  the  correspond- 
ing naphthols,  the  shifts  are  280,  300,  and  470  units  respectively. 
The  shift  therefore  given  by  the  meta-isomeride  is  of  the  same  order 
as  those  given  by  the  ortho-  and  para-isomerides. 

Experimental. 

o-Nitrobenzeneazophenetole. — This  was  prepared  by  boiling 
o-nitrobenzeneazophenol  in  alcoholic  solution  with  ethyl  bromide 
and  sodium  ethoxide  for  about  one  hour.  The  ether  crystallises 
from  dilute  alcohol  in  small,  flat,  bronze  needles,  melting  at  88° : 

0-1195  gave  16-0  c.c.  Ng  (moist)  at  19°  and  764-2  mm.  N  =  15-52. 
C14HJ3O3N3  requires  N^loS   per  cent. 

m-y itrobenzeneazophenetole. — Prepared  in  the  same  way  as  the 
ortho-isomeride.  Crystallises  from  alcohol  in  flat,  yellow  needles, 
melting  at  96° : 

0-1194  gave  161  c.c.  No  (moist)  at  18°  and  761-2  mm.  N  =  15-64. 
Cj^HjgOgNg  requircs  N  =  15-5   per  cent. 

ji-NitrobenzeneazophenetoIe. — Prepared  in  the  same  way  as  the 
two  preceding  compounds.  Crystallises  from  alcohol  jn  very  small, 
dark  yellow  needles,  melting  at  155° : 

01 153  gave  154  c.c.  N2  (moist)  at  16°  and  747-2  mm.  N  =  15-63. 
C14HJ3O3N3  requires  N  =  15-5   per  cent. 

o-y itro-o-carhoxyh enzene-^-azo-a-naphthol. — This  was  prepared  by 
diazotising  3-nitro-4-aminobenzoic  acid  with  amyl  nitrite,  and 
pouring  the  resulting  solution  into  the  a-naphthol  dissolved  in 
sodium  hydroxide.  The  sodium  salt  was  decomposed  by  dilute 
sulphuric  acid,  and  steam  was  passed  through  the  mixture  for  half 
an  hour.  The  azo-compound  was  recrystallised  from  nitrobenzene. 
It  forms  red,  microscopic  needles,  which  melt  and  decompose  at 
313°: 

0-1209  gave  132  c.c.  No  (moist)  at  24°  and  758  mm.  N  =  12-25. 
C17H11O5N3  requires  N  =  12-46  per  cent. 

The  3-nitro-4-aminobenzoic  acid  was  prepared  from  aceto- 
7>-toluidide.  This  was  nitrated  by  slowly  adding  it  to  nitric  acid 
(D  1-45).  The  nitro-compound  was  then  oxidised  by  suspension  in 
water  through  which  a  current  of  st<;am  was  led,  while  finely 
powdered  potassium  permanganate  (2  mols.)  was  added  in  small 
quantities  exactly  as  described  by  Hewitt  and  Mitchell.  The 
resulting  nitro-acetylaminobenzoic  acid  was  hydrolysed  in  the 
following  way.  To  a  boiling  concentrated  solution  of  the  acid  in 
alcohol,  an  equal  volume  of  concentrated  aqueous  hydrochloric  acid 
was  added,  and   the   mixture  boiled   for   about  one   minute.     The 
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nitroaminobenzoic  acid  then  began  to  crystallise  in  -well-formed 
needles,  and,  on  cooling  and  adding  water,  the  acid  was  obtained 
in  a  very  pure  state.     The  yield  is  almost  quantitative. 

p-Nitro-o-carhoxybenzeneA-azo-a-naphthol. — This  was  prepared 
by  diazotising  5-nitro-2-aminobenzoic  acid,  and  pouring  into  a 
solution  of  a-naphthol.  The  compound  was  recrystallised  from 
nitrobenzene.  It  forms  chocolate,  microscopic  needles,  which  melt 
and  decompose  at  303° : 

0-1350  gave  14-4  c.c.  Ng  (moist)  at  22°  and  766-2  mm.  N  =  12-23. 
C17H11O5N3  requires  N  =  12-46  per  cent. 

The  5-nitro-2-aminobenzoic  acid  was  prepared  in  two  ways.  The 
first  quantity  was  obtained  from  aceto-o-toluidide  by  nitration  and 
subsequent  oxidation  by  potassium  permanganate  to  5-nitro-2-acetyl- 
aminobenzoic  acid.  The  acetylamino-compound  was  hydrolysed  in 
the  same  way  as  described  above.  The  yield  of  the  acetylamino- 
compound  was,  however,  very  poor,  and  a  second  quantity  was 
prepared  by  direct  nitration  of  acetylanthranilic  acid ;  75  grams 
were  slowly  added  to  150  grams  of  nitric  acid  (D  1'49),  and  then 
kept  for  two  hours.  This  period  was  found  to  be  absolutely  neces- 
sary. The  mixture  was  then  poured  on  ice;  the  yield  of  the 
nitro-compound  is  about  85   per   cent. 

We  wish,  in  conclusion,  to  express  our  thanks  to  the  Chemical 
Society  for  a  grant  in  aid  of  this  work. 

Spectroscopic  Laboratoky, 

University  of  London, 

University  College. 


CXXXIX. — A  Contribution  to  the  Study  of  Tanacetone 
(^-Thujone)  and  some  of  its  Derivatives. 

By  David  Thomson  (late  1851   Exhibition  Research  Scholar). 

The  present  paper  contains  a  brief  summary  of  the  experimental 
work  described  in  the  author's  dissertation  (Gottingen,  1909).  The 
work  was  carried  out  between  October,  1907,  and  March,  1909,  in 
Gottingen,  under  the  supervision  of  Geh.  Reg.  Rat.  Prof.  Dr.  O. 
Wallach,  to  whom  the  author  desires  to  express  his  grateful  thanks. 
The  experiments  had  a  twofold  object  in  view :  first,  the  chemical 
and  optical  study  of  tanacetone  ()8-thujone)  and  some  of  its 
derivatives;  secondly,  the  preparation  of  a  series  of  active  com- 
pounds, the  study  of  which  seemed  likely  to  throw  some  light  on 
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the  problem  of  the  relationship  between  optical  activity  and 
chemical  constitution.  In  this  paper  only  the  experimental  data 
are  given.  A  discussion  of  the  optical  data  bearing  on  the  question 
of  optical  activity  and  chemical  constitution  is  reserved  for  a  sub- 
sequent paper,  when  some  experiments,  at  present  in  progress,  on 
the  condensation  products  of  active  l-methylcyc/ohexan-3-one  have 
been  completed. 

Ajyplication  of  the  Grignard  Reaction  to  Tanacetone, 

CHMe2-C<^^ ^       >CHMe. 

The  application  of  the  Grignard  reagent  to  a  ketone  yields,  as  is 
well  known,  a  tertiary  alcohol  according  to  the  equation : 

When  R,  Rj,  Rg  are  all  different,  as  with  tanacetone,  the  carbon 
atom  to  which  these  groups  are  attached  becomes  asymmetric  in  the 
process.  Since  tanacetone  is  optically  active,  two  tertiary  alcohols 
must  be  expected  with  the  rotations  +A  +  B  and  +A  — B  respec- 
tively, where  A  denotes  the  rotation  of  tanacetone  and  +B  that 
of  the  new  asymmetric  carbon  atom.  These  two  alcohols  will  not, 
however,  be  optical  antipodes,  and  hence  may  be  capable  of 
mechanical  separation.  This  proved  to  be  the  case.  Tanacetone 
treated  with  magnesium  methyl  iodide  yielded  two  tertiary  alcohols, 
one  liquid  and  one  solid,  which  could  be  easily  separated  by  cooling 
in  a  freezing  mixture.  The  liquid  alcohol  boils  at  202 — 205°,  and 
has  the  specific  rotation  +  3o'8°  (p  =  5*226  in  ether)  ;  the  solid  alcohol 
melts  at  84°,  [aj^ -305°  (p  =  4058  in  ether).  The  observation 
of  rotatory  power  for  the  liquid  alcohol  is  probably  low,  as  it  is 
unlikely  that  a  complete  separation  of  the  solid  alcohol  was  effected 
by  the  freezing-out  process. 

As  the  separation  of  the  two  isomeric  homothujyl  alcohols  had 
proved  so  easy,  the  method  was  tried  with  the  higher  homologues, 
namely,  the  ethyl-,  propyl-,  and  wopropyl-thujyl  alcohols,  but  without 
success.  The  product  of  the  Grignard  reaction  was  in  each  case 
an  oil  which  could  not  be  separated  into  its  isomeric  constituents. 
Some  laothujone,  with  which  Prof.  Wallach  kindly  furnished  the 
author,  on  treatment  with  magnesium  methyl  iodide,  gave  a  similar 
result.  Separation  of  the  oily  reaction  product  into  its  two  isomeric 
constituents  proved  an  insuperable  difficulty.  In  all  these  cases 
the  absence  of  unattacked  tanacetone  was  proved  by  treatment  with 
semicarbazide  solution. 
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Stability  of  the  cyrAoFropane  Ring  i?i  the  tivo  Hornothu'jyl 
AlcohoU,  C3H.f^>Mo 


Me   OH 

As  this  question  has  already  been  discussed  by  Wallach  (^4  nnalen, 
1908,  360,  86),  the  results  of  the  experiments  need  only  be 
mentioned   here.     Both   alcohols,   like  thujyl   alcohol, 

7\ 
H     OH 

are  not  affected  by  long  shaking  with  5  per  cent,  sulphuric   acid. 
Very    different    is    the     behaviour    of     the    similarly     constituted 

sabinene     hydrate,    C^H^^     y<^  .     By  the  same  treatment  it 

'  \— /   \Me 

is  converted  into  ^^-menthan-l :  4-diol : 

.OH  C3H7.     /— .       Me 


C3H,^     \/  -^ 

\— /    \iMe  OH/    \— /    \0H 

Wallach  (loc.  cit.)  shows  that  the  formation  of  this  dihydric 
menthane  does  not  take  place  directly,  but  indirectly,  from 
A^-^-menthen-4-ol ;  and  he  finds  in  this  intermediate  product  the 
clue  to  the  difference  in  stability  of  the  cyclopropane  ring  in 
sabinene  hydrate  and  in  thujyl  and  homothujyl  alcohol.  He 
assumes  that  the  first  action  of  the  dilute  sulphuric  acid  is  to 
eliminate  water,  thus: 

a  reaction  rendered  all  the  easier  by  the  mobility  of  the  hydrogen 
atom  attached  to  the  tertiary  carbon  atom.  The  formation  of  the 
quaternary  carbon  atom,  however,  so  weakens  the  stability  of  the 
cyclopropane  ring  that  combination  with  water  takes  place  at  once, 
thus: 

>Me     -^      "    ^^^     "^Me. 
OH/    \-/ 

In  the  case  of  thujyl  and  the  homothujyl  alcohols,  the  formation 
of  a  double  bond  in  immediate  juxtaposition  to  the  cyc/opropane 
ring  is  hindered  by  the  position  of  the  hydroxyl  group ;  hence  the 
greater  stability  of  these  compounds.     This  explanation  suffices  to 
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explain  the  behaviour  of  a  great  many  terpenes  towards  dilute 
sulphuric  acid,  and  we  shall  see  presently  that  it  is  capable  of 
application  to  the  acids  derived  from  tanacetone  by  oxidation. 


Oxidation  Products  of  Tanacetone  (fi-Thujone). 

Wallach  {Annalen,  1893,  272,  113;  1904,  336,  266)  has  shown 
that  when  tanacetone  is  oxidised  with  a  neutral  solution  of  5  per 
cent,  permanganate,  a  mixture  of  two  ketonic  acids,  distinguished 
as  o-  and  )8-thujaketonic  acid,  is  produced.  The  a-acid  is  saturated 
and  optically  active ;  the  )8-acid  is  unsaturated  and  optically  inactive. 
The  formation  of  these  acids  from  tanacetone  is  explained  thus : 

C8H-<^^Me  — >     CaHy^^^^COMe  -^      CgET-zf     ^COMe. 

*  \— f  \— CO,H                              ^— CO.,H 

O 

Tanacetone.  a-Thiijaketonic  acid.                    /3-Thujaketonic  acid. 

The  a-acid  may  be  readily  converted  into  the  )3-acid  by  distillation 
(Wallach,  Annalen,  1893,  275,  166).  Both  the  a-  and  the  )3-acids, 
when  further  oxidised  with  sodium  hypobromite,  yield  the  corre- 
sponding dicarboxylic  acids  (Semmler,  Ber.,  1892,  25,  3348),  for 
example : 


\— CO2H  \— C^2"- 

o-Thnjadicarboxylic  acid. 

o-Thujadicarboxylic     acid — called    by    Semmler    a-tanacetonedi- 
carboxylic  acid — may  also  be  produced  by  the  direct  oxidation  of 


sabinol,      ^    '\ /'       '  ,  with  permanganate  (Fromm,  Ber.,  1898, 

/\ 
H      OH 

31,    2030).     Several  hundred  grams   of    both   o-thujaketonic   and 

a-thujadicarboxylic  acid  were  prepared. 

The  method  adopted  in  the  preparation  of  a-thujaketonic  acid 
was,  with  but  slight  modification,  that  of  Wallach  (Joe.  cif.). 
Curiously  enough,  and  in  apparent  contradiction  to  the  result  cited, 
it  was  found  that  whether  the  oxidation  was  carried  out  with  warm 
or  cold  permanganate  solution  only  one  acid,  namely,  the  a-acid, 
was  produced.  As  the  two  ketonic  acids  are  sharply  distinguished 
in  crystalline  form — the  a-acid  crystallising  in  plates,  the  /3-acid  in 
needles — and  in  solubility,  and  as  a  careful  watch  was  kept  for  any 
appearance  of  /3-acid,  its  presence  could  scarcely  have  escaped 
■detection.     Whether  this  result  is  to  be  ascribed  to  some  difference 
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in  the  tanacetone  used  or  to  the  omission  of  the  distillation  in 
steam  of  the  product  of  oxidation — -which  was  the  essential  variation 
of  Wallach's  method  adopted — is  not  yet  quite  clear. 

Stahility  of  the  cycloFropane  Bing  in  a-Thujaketonic  and 
a-Thujadicarhoxylic  Acids. 

Very  remarkable  is  the  difference  in  stability  of  the  cyclopropane 
ring  in  o-thujaketonic  and  o-thujadicarboxylic  acid.  The  ketonic 
acid  is  rapidly  decomposed  by  boiling  20  per  cent,  hydrochloric 
acid,  with  formation  of  an  inactive  unsaturated  hydrocarbon,  which 
has  the  characteristic  odour  of  dihydro-j/'-cumene,  and  boils  at 
160 — 165°  (dihydro-i/'-cumene  boils  at  160°).  The  dicarboxylic  acid 
is  not  affected  in  rotation  and  melting  point  by  two  hours'  vigorous 
boiling  with  20  per  cent,  hydrochloric  acid,  and  shows  a  like 
stability  towards  boiling  10  per  cent,  sodium  hydroxide.  If  one 
accepts  the  above  explanation  given  by  Wallach  for  the  difference 
in  stability  of  sabinene  hydrate  and  homothujyl  alcohol,  the 
difference  in  stability  of  these  two  acids  presents  no  difficulty. 
The  first  effect  of  the  boiling  hydrochloric  on  the  ketonic  acid  is, 
presumably,  to  convert  it  into  its  enolic  form : 

OH  ^9H-C0Me  CICMe-OH 

^^CH-CHa'COaH       — >  ^^CH-Cflg-COgH. 

C3H7  C3H7 

The  formation  of  the  quaternary  carbon  atom,  however,  so 
diminishes  the  stability  of  the  cyclopropane  ring  that  decomposition 
at  once  takes  place.  With  the  dicarboxylic  acid,  on  the  other 
hand,  such  enolisation  is  impossible;  hence  its  greater  stability. 
Similar  results  were  obtained  by  von  Baeyer  {Ber.,  1896,  29,  326) 
with  pinonic  and  pinic  acids : 

CH-C0M9  CH-COgH 

CMeg/^CHg  CMej/NcHj 


CH-CH2-C0,H  CH-CHo-COjH 

Pinonic  acid  (unstable).  Pinic  acid  (stable). 

Esterification  of  a-Thujadicarhoxylic  Acid. 

The  great  stability  of  a-thujadicarboxylic  acid  towards  hydro- 
chloric acid  having  been  proved,  the  esterification  of  this  acid  in 
the  ordinary  way  by  passing  hydrogen  chloride  into  the  alcoholic 
solution  of  the  acid  was  successfully  attempted.  Dimethyl,  diethyl, 
di-n-propyl,  diisohutyl,  and  diisoamyl  esters  were  so  prepared. 
The  dimethyl  and  diethyl  esters  were  easily  obtained  in  a  pure 
state;   the  esters  of  the  other  three  alcohols  were,  as  the  boiling 
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points  and  the  results  of  analysis  indicate,  never  quite  free  from 
traces  of  impurity,  most  likely  acid  esters.  An  attempt  to  prepare 
a  dibenzyl  ester  gave  a  compound  which  the  results  of  analysis 
indicate  to  be  a  monohenzyl  ester. 

All  these  esters  are  clear,  odourless,  more  or  less  viscous  liquids. 
The  absence  of  odour  is  rather  remarkable.  "With  the  exception  of 
the  monobenzyl  ester,  which  is  pale  yellow,  they  are  quite  colourless. 
They  are  very  stable  compounds,  and  do  not  give  acid  amides  when 
shaken  with  a  strong  solution  of  ammonia.  The  methyl  and  ethyl 
esters  were  saponified,  and  the  acid  recovered.  Melting  point  and 
rotatory  power  were  unchanged.  Hence  there  was  no  racemisation 
during  the  process  of  esterification. 

The  constants  for  these  esters  are  given  in  the  subjoined  table. 
Details  will  be  found  in  the  experimental  part.  The  boiling  points 
were  taken  under  a  pressure  of  10 — 14  mm.;  the  temperature  at 
which  the  densities  were  taken  also  varied  from  15°  to  20°;  hence 
the  figures  are  not  exactly  comparable : 

B.  p.  (10—14  mm.)  dds-art.  Wd. 

Dimethyl  ester 126—127"  10535  +1425° 

Diethyl  ester 138—140  1019  114*1 

Di-n-propyl  ester 157 — 160  0  9969  847 

Diisobutyl  ester    174—177  09908  77-6 

Diisoamyl  ester 187—190  09924  735 

Monobenzyl  ester  (?) 215—220  —  347 

Decomposition  Products  of  the  Sodio-derivatives  of  the  Dimethyl 
(and  Diethyl)  Esters  of  a-Thiijadicarboxylic  Acid. 

The  dimethyl  and  diethyl  esters  of  o-thujadicarboxylic  acid  in 
solution  in  dry  ether  react  slowly  with  metallic  sodium,  giving  a 
sodio-derivative.  An  attempt  to  replace  the  sodium  atom  by  an 
ethyl  group  failed,  owing  to  the  instability  of  the  compound 
formed.  On  warming  the  sodio-derivative  of  the  dimethyl  (or 
diethyl)  ester  with  water,  and  distilling  the  reaction  mixture  in 
a  current  of  steam,  an  excellent  yield  of  tanacetophorone  was 
obtained.  The  tanacetophorone  prepared  in  this  way  is  much 
purer  than  that  obtained  by  the  distillation  of  thujadicarboxylic 
acid  over  soda-lime.  The  formation  of  tanacetophorone  by  the  latter 
process  depends,  according  to  Semmler  {Ber.,  1892,  25,  3350),  on 
the  conversion  of  a-thujadicarboxylic  acid  into  )3-thujadicarboxylic 
acid,  which  then  loses  carbon  dioxide  and  undergoes  intramolecular 
condensation,  thus : 

\-CO5H  ^-CO,H  ^—1:0 

a-Thnjadicarboxylic  acid.  )8-ThujadicarboTyHc  acid.  Tanacetophorone. 

If  this  explanation   held  in  the  present  instance,  then  i8-thuj»- 
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dicarboxylic  acid  was  to  be  expected  among  the  residues  in  the 
distilling  flask.  Careful  examination  did  reveal  an  inactive  acid, 
the  melting  point  of  which  was  identical  with  that  of  )8-thuja- 
dicarboxylic  acid,  namely,  116 — 117°.  Along  with  it,  and  in  slightly 
greater  quantity,  was  another  inactive  acid,  which  melted  at 
150 — 151°,  or  nine  degrees  higher  than  a-thujadicarboxylic  acid. 
The  natiire  of  this  acid  has  not  yet  been  determined  with  certainty. 
Analysis  proves  it  to  be  isomeric  with  the  a-  and  i8-dicarboxylic 
acids.     It  is  probably  racemic  a-thujadicarboxylic  acid. 

Monoamide  of  a-Thujadicarhoxylic  Acid. — The  anhydride  of 
a-thujadicarboxylic  acid  reacts  readily  with  ammonia,  aniline,  or 
piperidine.  The  additive  product  with  piperidine  is  a  liquid,  with 
aniline,  a  glass.  With  ammonia,  after  some  difficulty,  a  well-defined 
crystalline  monoamide  was  obtained.  It  melted  at  149 — 150°,  and 
had  [aja  4- 54*5°  (jo  =  3"777  in  methyl  alcohol).  Its  formula  must  be 
either 

C3H.<^^C0,H      or       CgH.^^^^^^CO-NHj ; 
\— CO-^  Hg  '  \— COgH 

which  is  the  true  one,  however,  has  not  yet  been  determined.  The 
ammonium  salt  of  the  monoamide  was  also  prepared.  Its  specific 
rotation  is  -f9'2°  (p  =  4"694  in  methyl  alcohol). 

Experimental. 

All  rotations  were  measured  with  a  Schmidt  and  HaenscE  half- 
shadow  polarimeter.  The  instrument  was  not  equipped  with  a 
thermostat,  and  hence  it  was  impossible  to  measure  rotations  at  a 
definite  temperature.  Densities  were  determined  with  a  Mohr- 
Westphal  balance,  and  therefore  refer  to  water  at  15°. 

The  tanacetone  used  in  the  following  experiments  was  furnished 
by  Schimmel  &  Co.  It  was  purified  before  use  by  distillation  under 
atmospheric  pressure;  the  fraction  boiling  at  200 — 207°  was  then 
rectified  once  or  twice  under  diminished  pressure.  The  final  product 
was  a  colourless  oil  of  pleasant  odour,  with  the  following  constants : 

b.  p.  81— 82711  mm.;  d,o,5  =  0-924;  [a]l;  +674°. 
As  a  specimen  of  crude  tanacetone,  which  had  been  kept  for  a  long 
time  in  the  laboratory,  showed  a  specific  rotation  of  about  +  30°, 
it  was  deemed  advisable  to  test  the  keeping  qualities  of  the  tan- 
acetone used.  A  portion  purified  as  above  described  was  accordingly 
set  aside,  and  its  rotation  examined  from  time  to  time.  Its  initial 
rotation  was  a'J^-f  62-3°,  and  after  fifty-one  weeks,  a;j-f60-l°; 
tanacetone  therefore  racemises  with  extreme  slowness. 
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Application  of  Grignard  Reagent   to  Tanacetone  and  isoThujone. 

To  ensure  an  excess  of  the  Grignard  reagent,  2  molecular  pro- 
portions of  magnesium  and  2  of  alkyl  iodide  were  invariably  used 
to  one  of  the  ketone.  The  reaction  mixture  was  either  poured  on 
ice,  acidified  with  acetic  acid,  and  then  extracted  with  ether,  or,  after 
pouring  on  ice,  the  whole  was  distilled  in  a  current  of  steam,  and  the 
tertiary  alcohol  formed  was  extracted  from  the  distillate  by  means 
of  ether.  The  product  of  the  treatment  of  tanacetone  with 
magnesium  methyl  iodide  was  a  yellow  oil.  This  was  distilled  under 
atmospheric  pressure,  and  the  distillate  well  cooled  in  a  freezing 
mixture.  Partial  solidification  at  once  took  place.  The  solid 
crystallised  from  methyl  alcohol  in  white  needles,  melting  at  84° ; 

0-2295  gave  06600  CO.,  and  0-2482  HoO.     C  =  78-42;  H  =  1213. 
CnH<>oO  requires  0  =  7849;  H  =  1201  per  cent. 

Rotatory  power: 
;)  =  4-058  in  ether;  (/,5,,  =  0-728  j  ;=  22  dcm.;  ai,-  1-93°,  [a]L''-30-5° 
;)  =  4-191    in  methyl  alcohol;  rf,.,  =  0-8055  ;  Z  =  2-2    dcm.  ;  qd  -  1-93°  ; 

[a]lf  -26-0°. 

The  process  of  cooling  and  filtering  was  repeated  until  no  more 
solid  separated,  and  the  remaining  oil  was  distilled.  The  main 
fraction  boiled  at  204°.  To  make  certain  of  the  absence  of  un- 
attacked  tanacetone,  the  oil  was  treated  several  times  with  semi- 
carbazide  solution.  Not  a  trace  of  semicarbazone  was  obtained 
after  long  keeping.     Hence  the  absence  of  tanacetone  is  proved. 

The  results  of  analysis  were  in  agreement  with  theory. 

Rotatory  power: 

/)  =  5-2-26  in  ether  ;(/„  =  0-731  ;Z=  2-2  dcm.;  al/  +  3016°;  [a]i?  +359°. 
p  =  5077  in  methyl  alcohol;  rfj,  =  0-8050  ;  i  =  2  2  dcm.  ;  aL'  +300°; 

[a,li'  +33-4°. 

Curiously  enough,  neither  the  solid  nor  the  liquid  alcohol  gives  a 
urethane  when  treated  with  phenylcarbimide. 

Stability  of  the  cycloPropane  Ring  in  the  Ilomothujyl  Alcohols. 

One  gram  of  solid  homothujyl  alcohol  (m.  p.  84°)  was  suspended 
in  500  CO.  of  5  per  cent,  sulphuric  acid,  and  mechanically  shaken 
daily  for  three  weeks.  The  reaction  mixture  was  then  carefully 
neutralised  with  sodium  hydroxide,  and  distilled  in  a  current  of 
steam  for  ten  minutes  in  order  to  remove  unattacked  alcohol.  The 
liquid  in  the  distilling  flask  was  then  cooled  and  thoroughly 
extracted  with  ethyl  acetate.  After  evaporation  of  the  solvent, 
mere  traces  of  an  additive  product  were  found. 

VOL.  XCVII.  5  Q 
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Five  grams  of  the  liquid  homothujyl  alcohol,  -when  treated  in  the 
same  way  with  1  litre  of  5  per  cent,  sulphuric  acid,  gave  a  similar 
result. 

Pre'paration  of  a-Thujahetonic  Acid  from  Tanacetone. 

Seventy-five  grams  of  crude  tanacetone  (a^  +  64°)  were  treated 
with  the  calculated  amount  (two  atomic  proportions  of  oxygen)  of 
5  per  cent,  permanganate  solution,  and  the  mixture  was  shaken 
mechanically  until  the  permanganate  was  decolorised  (two  to  three 
hours).  The  manganese  oxide  was  then  filtered  off,  and  the  filtrate 
evaporated  on  the  water-bath  until  a  skin  began  to  form  on  the 
surface.  If,  before  evaporating,  oily  drops  (unattacked  tanacetone 
or  Z-fenchone)  were  seen  floating  on  the  surface  of  the  liquid,  these 
were  removed  by  means  of  a  separating  funnel.  In  order  to  prevent 
any  harmful  action  of  the  alkali  during  the  process  of  evaporation, 
small  quantities  of  a  solution  of  sulphurous  acid  were  added  from 
time  to  time,  care  being  taken  never  to  make  the  liquid  acid  in 
reaction.  As  soon  as  a  skin  began  to  form  on  the  surface  of  the 
liquid,  it  was  filtered,  cooled,  and  acidified  with  dilute  sulphuric 
acid.  The  o-thujaketonic  acid  usually  separated  at  once  in  solid 
form.  On  crystallisation  from  boiling  water,  it  melted  at  75 — 76° ; 
75  grams  of  tanacetone  gave  45  to  50  grams  of  a-thujaketonic  acid. 

Rotatory  Power  of  a-Thujahetonic  Acid  (m.  p.  75 — 76°). 

Solvent.  p.                 d.                     I.  a^.                      [o]i,. 

Ether 6-945  0742    (14")  2-2  dcm,  +22-00    (14")  +194-0° 

Glacial  acetic  acid..  4-6163  1-0524(19)  1         „  10-886(19)        224-1 

Methyl  alcohol 5-5649  0-8064  (19  )  1         ,,  9-64    (19  )         214-8 

Chloroform    5-132  1-458    (16)  1         „  18-313(16)        244-8 

Water    0-6754  1002    (18)  2*2     ,,  3-633(18)        244-0 

As  the  rotations  of  the  oxime  and  semicarbazone  of  o-thujaketonic 
acid  have  never  hitherto  been  published,  these  compounds,  together 
with  its  ammonium  salt,  were  prepared  and  their  rotations 
examined. 

Rotatory   Power  of  Semicarbazone  of   a-Thujaketonic  Acid 
(m.  p.   183—184°). 

/}  =  2*290  in  glac.  acetic  acid  ;  fl!i^,=  1-0605  ;  Z=  2-2  dcm. ;  a],"  +1217' 

[a];;''  +227-8°. 

Oxime  of  a-Thujaketonic  A  cid. — This  compound  was  prepared  ii 
two  different  ways,  namely,  in  alkaline  and  in  neutral  solution. 
The  products  obtained  after  recrystallisation  from  methyl  alcohol 
differed  both  in  melting  point  and  in  rotatory  power.  The  oxime 
prepared  in  alkaline  solution   according  to  Lazell's  method   (Diss., 
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Gottingen,  1896,  p.  26)  melted  at  169 — ITO'^,  in  good  agreement 
with  his  result  (169°),  and  had  [o]jj  -5*00°  in  methyl  alcohol 
(^  =  3-933). 

The  oxime  prepared  in  neutral  solution  melted  at  174 — 175°,  and 
showed  the  following  rotation  values:  p  =  4'473  in  methyl  alcohol — 
no  measurable  rotation ;  p  =  1-7008  in  glacial  acetic  acid;  dy^  =  l'0o8; 
/  =  l-dcm. ;  Oj,-f-0'10°;  [aj^ -i- 5"56°.  In  dilute  sodium  hydroxide 
solution  the  rotation  was  strongly  negative.  It  was  at  first  thought 
that  these  two  oximes  were  stereoisomerides.  Careful  comparison 
has,  however,  since  proved  that  this  is  not  the  case.  By  repeated 
crystallisation  from  methyl  alcohol,  the  oxime  of  lower  melting 
point  is  converted  into  the  other,  and  a  mixture  of  the  two  then 
melts  unchanged  at  174 — 175°. 

Eotatory  Poiver  of  the  Ammonium  Salt  of  a-T7iujaketonic  Acid. 

;>  =  0-881     in    water;     d^g  =  l-007 ;      l  =  '2-2    dcm.;     aj?  +  3-333° ; 

[a]l?  +170°. 

a-Thujadicarhoxylic  A  cid,    Q^^-^^^QO^  . 

'\-CO,H 

The  a-thujadicarboxylic  acid  used  was  prepared  by  the  methods 
of  both  Semmler  and  Fromm  {Joe.  cit.).  The  larger  portion  was, 
however,  prepared  by  Semmlers  method  from  o-thujaketonic  acid. 
It  melted  at  141—142°. 

Rotatory  power  : 

Solvent.  p. 

Ether   4991 

GUcial  acetic  acid  ...  4-9177 

Chloroform 2-8728 

Methyl  alcohol   4  7043 

Water  07323 


Rotatory  Power  of  Ammonium  Hydrogen  Salt  of  a-Thuja- 
dicarboxylic   Acid. 

/>  =  0-793     in     water;     <i,7=l-005;      /-2-2     dcm.;     a/,'     +0266^; 

[a]'J  +15-2°. 

Rotatory  Power  of  Normal  Am,monium  Salt  of  a-Thujadicarhoxylic 

Acid. 

jp -3-805  in  water  ;dig- 1-01 05  ;/=  2-2  dcm.  ;a[;  -  0-453"  ;  [o]l?  -5-3°. 
ji=  1-90  in  water;  d^lOO  ;  /-2-2dcin.  ;  a^  -030°;  [a]u  -71°. 

5  a  2 


d. 

/. 

«D- 

[-].. 

0-734    (15') 
1-0586  (18  ) 
1-480    (15) 
0-810    (16  ) 
1003    (18) 

2-2  dcm. 

1 

1 

1         » 

2-2     ,, 

+  8-47    (15') 
6-933  (18  ) 
7-29    (15) 
3-96    (16) 
2  183(18  ) 

+  1051' 
133-2 
171-5 
104-0 
135  1 
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Anhydride   of  a-Thujadicarhoxylic  Acid,  CgH^'^"^  ^-CO. 

^— CO-6 

This  compound  was  first  prepared  by  Semmler   (Ber.,  1892,  25, 
3349).     Its  rotation  has  not  previously  been  published. 

Rotatory  jpoxver : 
;)  =  4 -069  in  ether;  (Zj.- 0-730;  ^=1  dcm. ;  aJJ  +0-30°;  [aJU  +10-1°. 
p  =  2-642  inchloroform  ;  J^g  =  1  -481  ,l=\  dcm. ;  a}^  +  0-33° ;  [a]";'  +  8-43°. 

Heating   with   dilute   hydrochloric   acid   converts  the  anhydride 
readily  into  the  original  acid. 


Preparation  of  the  Monoamide  of  a-Thujadicarhoxylic  Acid  and  its 
Ammonium   Salt. 

Five  grams  of  the  pure  anhydride  of  a-thujadicarboxylic  acid 
(m.  p.  56°),  prepared  as  described  by  Semmler  {loc.  cit.),  were  dis- 
solved in  warm  absolute  alcohol,  and  the  well-cooled  solution 
saturated  with  dry  ammonia  gas.  On  keeping,  a  white  solid  slowly 
separated.  This  was  dissolved  in  the  least  possible  amount  of  water, 
and  the  solution  rendered  just  acid  with  hydrochloric  acid.  Either 
at  once  or  on  keeping,  fine  white  crystals  separated,  which  were 
sparingly  soluble  in  water,  ether,  or  chloroform,  readily  so  in 
alkalis.  They  were  purified  by  redissolving  in  the  least  possible 
amount  of  dilute  ammonia  solution,  and  precipitating  with  hydro- 
chloric acid.  The  substance  melted  at  149 — 150°,  or  eight  degrees 
higher  than  a-thujadicarboxylic  acid  : 

0-1796  gave  03844  C0.>  and  0-1318  H^O.     0  =  5837;  H  =  8-209. 
C9HJ5O3N  requires  0  =  5834;  H  =  8-167  per  cent. 

Rotatory  power  in  methyl  alcohol  : 

j9  =  3-777;  </i5  =  0-8084;  1=1  dcm.;  a};  -fl-666°;  [aJlT  -f54-5° 

Three  hours  later  the  rotatory  power  was  unchanged. 

The  white  solid  which  separated  from  the  ammoniaralcoholic 
solution  of  the  anhydride  was  recrystallised  from  absolute  alcohol 
and  analysed.  It  proved  to  be  the  ammonium-  salt  of  the  mono- 
amide  : 

0-1813  gave  03637  CO2  and  0-1473  HoO.     0  =  54-71 ;  H=  9-088. 
CoHjgOaNo  requires  0  =  5342;  "h  =  8-973  per  cent. 

The  high  result  for  carbon  is  satisfactorily  accounted  for  by  the 
presence  of  traces  of  the  monoamide,  doubtless  formed  by  hydrolysis 
during  the  process  of  crystallisation. 
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Rotatoi'y  -power : 
;j  =  1-713     in     water;     d^~   =1-006;     l  =  1'2    dcm.  ;    aj;     -  O-GGG'^ ; 

HU  -  17-6°. 
p  =  4-694    in   methyl   alcohol;    cZig  =  0-808;  ^=1    dcm.;   qJ;  +035°; 

[a]l«  +9-2°. 

Stability  of  the  cycloFropane  Ring  in  a-Thujaketonic  Acid. 

Ten  grams  of  o-thujaketonic  acid  were  dissolved  in  1000  c.c.  of 
20  per  cent,  hydrochloric  acid,  and  boiled  for  two  hours.  Steam 
was  then  passed  into  the  mixture  for  fifteen  minutes,  and  an  oil 
distilled  over  which  proved  to  be  an  unsaturated  hydrocarbon 
identical  in  odour  with  dihydro-i/'-cumene.  When  rectified  over 
sodium,  it  boiled  at  160—165°  (dihydro-i/'-cumene  boils  at  160°). 
An  attempt  to  characterise  it  more  nearly  by  preparation  of  the 
crystalline  trinitrodihydro-i/'-cumene  failed.  From  the  residues  in 
the  distilling  flask,  a  large  quantity  of  an  inactive  acid  oil  was 
obtained.     All  attempts  to  crystallise  this  oil  failed. 

Stability  of  the  cycloPropane  Ring  in  a-Thujadicarboxylic  Acid. 

One  gram  of  the  acid  was  boiled  for  two  hours  with  20  per  cent, 
hydrochloric  acid,  and  the  cubstance  then  recovered  by  evaporation 
on  the  water-bath.  It  melted  at  141 — 142°  (unchanged),  and  had 
Wd  (p  =  2"703  in  ether)  -f  109°  [the  pure  substance  has  [a]p 
(/>  =  4-991  in  ether)  +105°]. 

One  gram  of  the  acid,  boiled  for  one  and  a-half  hours  with  10  per 
cent,  sodium  hydroxide  solution,  gave  a  similar  result. 

Esterification  of   a-Thujadicarboxylic   Acid. 

The  esterification  was  carried  out  in  the  usual  way  by  saturating 
the  alcoholic  solution  of  the  acid  with  hydrogen  chloride. 

Dimethyl  Ester,  C7Hi2(COoMe)2. 

B.  p.  126 — 127°/13  mm.;  under  the  ordinary  pressure  244 — 247°; 
^20=  1-0535;  nD=  1-4506.  When  boiled  for  two  hours  with  aniline 
under  reflux,  it  does  not  give  an  anilide.  It  reacts  with  metallic 
sodium  in  ethereal  solution,  giving  a  sodio-derivative : 

0-2153  gave  04853  CO,  and  01684  HjO.     0  =  6147;  H  =  8-756. 
CiiH,804  requires  0  =  61-65;  H  =  8-472  per  cent. 

Rotatory  -power : 
.    di8  - 1-064 ;  /  =  1  dcm. ;  aj?  +  15018°  ;  [q][?  +  142-5°. 
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A  month  later  unchanged, 
jo  =  4-748  in  ether  ;(i2o  =  0-731  ;;  =  ldcm.  ;aS   +4-933°;  [a]|?  +142-1°. 
^=10-86  in  ether  ;rf20  =  0-7465  ;^=ldcm.;ag'  +11-65°;  [a]^  +139-2°. 

Diethyl  Ester,  C7Hj2(C02Et)2. 

B.  p.  138— 140° /1 2— 13  mm.;  6^19  =  1-019: 

0-2064  gave  0-4861  COg  and  0-1690  HgO.     C  =  64-23;  H  =  9-163. 
C13H22O4  requires  C  =  64-42;  H  =  9-157  per  cent. 

Rotatory  "power : 

(;,^=  1-019;  l^\  dcm.  ;  a}^  +116-27°;  [aJL"  +114-1°. 

Four  and  a-half  months  later,  [aji,  +  114-3°. 
j3 -5-135  in  ether  ;fZi8  =  0731;  ^=ldcm.  ;  al^  +435°;  [«]}»  +115-9°. 
^  =  10-073  in  ether  ;rfi8  =  0-7437;  ^=ldcm.  ;al,'  +7-93°;  [a\^  +106°. 

Di-n-propyl  Ester,  Q^B.^^{GO^t'^)^. 

B.  p.  157— 160°/1 1—13  mm.  ;  rf,6/i«  =  0-9969  : 
0-1664  gave  04039  COg  and  01531  H2O.     C  =  66-20  ;  H  =  1029. 
CjjHggO^  requires  C  =  66-61  ;  H  =  9-699  per  cent. 

Rotatory  power: 

£fj2  =  0-9973;  l=\  dcm.;  a}?  +84-5°;  [a]If  +84-7°. 
i9=b"-786  in  ether;  (Z^^- 0-740;  ^=ldcm.  ;  aU  +4-28°;  [ajU  +85-2°. 

Diisobutyl  Ester,  C^lIi.,{G0./GJJy)2. 

B.  p.  174— 176°/12— 14  mm. ;  <^j5  =  0-9908. 
01725  gave  0-4258  COj  and  01502  H^O.     C  =  6732  ;  H  =  9-74. 
C17H30O4  requires  C  =  68-45  ;  H  =  1014  per  cent. 

Rotatory  power: 

(^12  =  0-991;  1  =  1  dcm.;  a}?  +76-92°;  [a]];  +77-62°. 
p  =  5"'-577  in  ether ;  d^^^  =  0-7385  ,1=1  dcm.  ;  a\;  +  295°  ;  [a]}?  +71-6°. 
j9=  13-709  in  ether  ;  ii2  =  0-7610 ;  ^=  Idem.  ;  a\t  +7616°;  [o]l;  +  73-0°. 

Diisoamyl  Eater,  G'^liT^2{^^-A'^!)^u)2- 
(The  amyl  alcohol  used  had  ay  -  1-1°  in  a  l-dcin.  tube.) 
B.  p.  187— 190°/10— 12  mm.  ;  d^^  =  0d924:  : 
0-2048  gave  05066  COg  and  01812  HgO.     C  =  6746  ;  H  =  9  897. 
CjgHg^Oj  requires  C  =  69-88 ;  H  =  1050  per  cent. 

Rotatory  power: 

f/,5  =  0-9924;  /=1  dcm.  ;  a',;^  +72-95°;  [a]',;'  +  73'5°. 
/?  =  4-4314  in  ether,  d^^^iJlM  ;  1=^  i  dew.  ;  fi'^  +  2-3(i6°';  [uJd'  +73-1°. 
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Manohenzyl  Ester,  C02H-C7Hi2'C02-C7H7. 

B.  p.  215—220712—14  mm.  : 

0-2311  gave  0-5931  CO^  and  0-1492  H.fi.     0=6999  ;  H  =  7-22. 
CxoHsoOi  requires  C  =  69-52  ;  H  =  7-30  per  cent. 

Rotatory  power: 
;)  =  4-566  in  ether  ;<;i7  =  0-735  j  1=1  dcm. ;  a'^  +1-166°;  [a]}J  +34-7°. 


Decomposition  Products  of  the  Sodio-deri votive  of  the  Dimethyl  (or 
Diethyl)  Ester  of  a-Thujadicarboxylic  Acid, 

On  warming  the  sodio-derivative  of  the  dimethyl  ester  with  water, 
the  odour  of  tanacetophorone  was  observed.  In  order  to  study  this 
change,  about  20  grams  of  ester  were  treated  with  metallic  sodium, 
and  the  product  distilled  in  a  current  of  steam.  The  distillate,  when 
treated  with  semicarbazide  solution,  gave  at  once  a  semicarbazone. 
This  was  carefully  compared  with  the  semicarbazone  prepared  from 
some  tanacetophorone  kindly  furnished  by  Prof.  Wallach,  and  their 
identity  established.  Both  semicarbazones  crystallise  from  methyl 
alcohol  in  shining  leaflets,  melting  and  decomposing  at  187 — 188°. 
A  mixture  of  the  two  semicarbazones  behaves  in  the  same  way. 
The  results  of  analysis  were  also  in  good  agreement  with  theory : 

01732  gave  03777  CO,  and  01287  HgO.     0  =  5947;  H  =  8-31. 
CgHj^ONg  requires  0  =  5962;  H  =  8-35  per  cent. 

The  semicarbazone  was  decomposed  with  oxalic  acid  and  the 
tanacetophorone  recovered.  It  showed  the  following  constants : 
b.  p.  215—217°;  99°/ 17— 18  mm.;  efjg/ 15  =  09453  (Semmler,  Ber., 
1892,  25,  3350,  gives  the  following  constants  for  tanacetophorone : 
b.  p.  212—214°;  89— 90°/ 13  mm.;  d^o-^O'dSlS). 

The  cooled  residue  remaining  in  the  distillation  flask  was 
extracted  with  ether ;  the  acid  oil  obtained  in  this  way  was  dissolved 
in  boiling  water.  After  some  time  two  acids  slowly  crystallised. 
These  were  mechanically  separated  and  examined.  Both  were 
inactive.  One  melted  at  116 — 117°,  and  was  identical  with  jS-thuja- 
dicarboxylic  acid;  the  other  melted  at  150 — 151°.  This  was 
analysed : 

01171  gave  02492  CO.,  and  00810  ILO.     C  =  58-04;  H  =  7-73. 
CjIInO^  requires  C  =  5803;  H  =  7-58  per  cent. 

The  silver  salt  was  prepared : 

0-1172  gave  00634  Ag.     Ag  =  5409. 

CoTT,,O.At',  requires  Ag  =  53*97  per  cent. 
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Summary. 
Tanacetone   ()8-thujone),   when  treated   with  magnesium   methyl 
iodide,   yields    two   tertiary    homothujyl    alcoliolsj     C^'H.^<^^    /Me, 


Me    OH 

one  a  solid,  m.  p.  84°,  [a]^  —  30'5°;  the  other,  a  liquid,  b.  p.  204°, 
[°]d  +  ^^°-  ^^  both  these  alcohols,  as  in  thujyl  alcohol,  the  cyclo- 
propane  ring  is  stable  towards  cold  5  per  cent,  sulphuric  acid.  The 
three  next  higher  homologues  of  homothujyl  alcohol  are  liquids. 
zsoThujone,  when  treated  with  magnesium  methyl  iodide  in  the  same 
way,  does  not  yield  a  solid  tertiary  alcohol. 

a-Thujaketonic   acid,    Q^^<r^  ^COMe,    is   decomposed    by    boil- 

\— COgH 
ing  with  20  per  cent,  hydrochloric  acid  with  the  formation  of  an 
unsaturated    hydrocarbon   (b.    p.     160 — 165°),    probably     dihydro- 
^-cumene. 

a-Thujadicarboxylic      acid,      C^^^^^"^  ^COgH,     prepared      from 

\— COgH 

o-thujaketonic  acid  by  oxidation,  is  quite  stable  towards  boiling  20 
per  cent,  hydrochloric  acid  and  boiling  10  per  cent,  sodium 
hydroxide. 

a-Thujadicarboxylic  acid  can  be  easily  esterified  in  the  ordinary 
way.  Bimtthyl,  diethyl,  di-n-jjvo'pyl,  diisobutyl,  and  diisoamyl 
esters  have  been  prepared.     All  are  colourless,  odourless  liquids. 

The  dimethyl  and  diethyl  esters  of  o-thujadicarboxylic  acid  give  a 
sodio-derivative,  the  decomposition  products  of  which  are  tanaceto- 

phorone,    CgHy^  ,    ^-thujadicar  boxy  lie   acid,    CgH-^       ^COgH, 

^~':o  ■^— CO.^H 

and  an  unknown  inactive  dicarboxylic  acid,  C9Hj404,  melting  at 
150—151°. 

Chemical  LAnouATouY, 

The  Univekshy, 

Glasgow. 
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CXL. — Optically    Active    Methoxy succinic    Acid   from 

Malic  Acid. 

By  Thomas  Purdie,  F.R.S.,  and  George  Ballingall  Neave, 

M.A.,  D.Sc. 

Optically  active  monoalkyloxysuccinic  acids  were  obtained  a 
number  of  years  ago  (Trans.,  1893.  63,  217,  and  succeeding  papers) 
by  the  resolution  of  the  corresponding  inactive  acids  with  the  aid 
of  alkaloids.  The  inactive  acids  were  prepared  from  fumaric  esters, 
which  possess  the  property  of  combining  with  the  elements  of 
alcohols  under  the  action  of  sodium  alkyloxides. 

Later,  in  the  course  of  our  first  experiments  on  alkylation  by 
means  of  dry  silver  oxide  and  alkyl  iodides  (Trans.,  1899,  75,  157), 
it  was  shown  that  ethyl  ^ethoxysuccinate  could  be  prepared  from 
ethyl  malate.  The  yield  of  the  pure  ester,  however,  was  unsatis- 
factory, as  the  product  contained  much  unaltered  malate,  which 
was  removed  by  treating  the  mixture  with  cold  potassium  hydroxide 
solution.  This  process  naturally  results  in  a  diminished  yield  of 
alkylated  product,  as  compared  with  the  method  of  repeated 
alkylation  which  is  now  adopted.  We  have  now  employed  the 
method  referred  to  for  the  preparation  of  the  methyl,  ethyl,  and 
propyl  esters  of  Z-methoxysuccinic  acid  with  the  view  of  controlling 
and  extending  the  polarimetric  observations  made  formerly  {loc. 
cit.)  on  the  compounds  obtained  by  resolution  of  the  inactive  acid. 

We  find  that  the  esters  of  Z-methoxysuccinic  acid  are  easily 
obtained  in  the  pure  state  by  methylating  the  corresponding  malic 
esters,  provided  that  a  sufficient  excess  of  the  alkylating  agent  is 
used.  Some  oxidation  occurs  in  the  course  of  the  action,  but  the 
oxidation  products  are  readily  removed  by  subsequent  fractional 
distillation.  In  preparing  methyl  \-methoxysuccinate,  dry  silver 
oxide  (2  mols.)  was  added  in  small  quantities  at  a  time  to  a  mixture 
of  methyl  malate  (1  mol.)  and  methyl  iodide  (4  mols.),  and  after  all 
the  oxide  had  been  added  and  spontaneous  action  had  ceased,  the 
mixture  was  heated  for  two  hours  on  a  water-bath.  The  liquid 
product  was  extracted  from  the  silver  residues  by  means  of  ether, 
and  after  being  dried  with  sodium  sulphate  and  freed  from  ether, 
was  fractionated  under  diminished  pressure.  Twenty-five  grams  of 
methyl  malate  {aP°  -8-36°;  l  =  \)  gave,  after  the  first  distillation, 
22  grams  of  the  methylated  ester  boiling  at  113 — 114°/ 15  mm.,  and 
showing  the  observed  roUtion  a^  -61-740  (^=1).  After  three 
more  distillatioos,  the  rotation  was  constant  at  —  6279°,  and  was 
not  altered  by  repeating  the  methylation. 
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The  active  methyl  methoxysuccinate,  formerly  prepared  by 
resolution  of  the  inactive  acid  (Trans.,  1895,  67,  970),  was  the  ester 
of  the  c?-acid.  The  antipodal  forms  are  liquid,  and  could  not  be 
solidified  by  cooling.  The  inactive  ester  obtained  from  methyl 
fumarate  (Trans.,  1891,  59,  469),  on  the  other  hand,  is  crystalline, 
and  melts  at  28°.  On  mixing  equal  weights  of  the  two  oppositely 
active  esters  derived  as  above  described  from  different  sources  and 
cooling  the  mixture  to  0°,  crystallisation  did  not  occur  spon- 
taneously, but  on  adding  a  nucleus  of  the  inactive  form  the  whole 
mass  quickly  solidified.  After  being  again  melted,  the  mixture 
solidified  spontaneously  at  the  ordinary  temperature,  and  now 
melted  at  the  same  temperature  as  the  inactive  substance,  28°. 

Ethyl  l-metJioxysuccinate  was  prepared  from  ethyl  malate 
(o20°  —  ir76°,  ^=1)  in  the  same  manner  as  the  methyl  ester.  The 
propyl  ester  was  prepared  by  the  action  of  propyl  iodide  on  the 
silver  salt  obtained  from  methyl  Z-methoxysuccinate.  The  results 
of  analysis  and  the  polarimetric  and  other  observations  made  on 
the  liquid  esters  are  recorded  below. 

Methyl  \-methoxy succinate,  b.  p.  113 — 114°/15  mm.: 

Found,  C  =  47-46;  H  =  7-08. 

CyHjgOs  requires  C  =  4773;  H  =  6'82  per  cent. 

Ethyl  \-methoxy succinate,  b.  p.  126°/17  mm.: 

Found,  0  =  52-88;  H  =  7-84. 

CgHjeOs  requires  0  =  52-94;  H  =  7-84  per  cent. 

Pro-pyl  \-methoxysuccinate,  b.  p.  145— 146°/ 12  mm.  The  silver 
salt  obtained  from  the  product  of  hydrolysis  of  methyl  /-methoxy- 
succinate, which  was  used  in  preparing  this  ester,  gave : 

Found,  0  =  16-45;  H  =  l-90;  Ag  =  59-58. 
05H(j05Ag2  requires  0  =  16-58;  H  =  1'66;  Ag  =  59-65  per  cent. 

The  observations  from  which  the  molecular  rotations,  recorded 
below,  are  calculated  were  taken  in  a  1-dcm.  tube. 

\-M ethoxy succinic  Esters   (Pure   Liquids), 
d  2074°.      [U]f.     d  4074°.      [M]f '.  '  d  6074°.      [M]««°.  r[a]  20—60°. 


Methyl... 

1-1415 

-96-8'^ 

1-1199 

-95-6° 

10983 

-93-9° 

-0-0008 

Ethyl  ... 

1-067G 

102-9 

1-0476 

101-5 

1-0273 

100-1 

-0-0007 

Propyl . . . 

1-0312 

109-0 

roioi 

107-3 

0-9908 

105-6 

-0  0008 

*  Temperature-coefficient,  as  defined  by  Waldeu  {Ber.,  1905,  38,  368). 

The  polarimetric  observations  on  solutions  of  the  three  esters, 
from  which  the  molecular  rotations  recorded  in  the  following  tables 
are  calculated,  were  taken  in  a  2-dcm.  tube  at  20°.  The  con- 
centrations by  volume  (c)  were  determined  from  the  specific 
gravities  of  the  solutions  (d  20°/ 4°)  and  the  concentrations  by 
weight.     The  specific  gravities  {d  20°/ 4°)  of  the  benzene  and  ethyl 
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alcohol  used  in  the  case  of  the  methyl  and  ethyl  esters  were  0*8785 
and  0-7912  respectively;  those  of  the  solvents  used  in  the  case 
of  the  propyl  ester  were  08789  and  0-7910  respectively.  The 
molecular  solution  volumes  (M.S.V.)  were  calculated  by  the  usual 
formula. 

Methyl  \-Mtthoxy succinate. 
[M]f  -  96-8°,  d  2074°  1-1415,  MJd  154-2. 

Solvent.  c.  d20°/i''.  [M]^.  M.S.V. 

Benzene  19-9734  0-9-238  -114-7°  154-9 

10-0175  0-9012  118-1  1549 

5-0399  0-8899  120  0  1550 

Ethyl  alcohol  ...         20  0056  0  8533  -90  6  153-4 

10-0456  0-8225  90-2  153-1 

5-0038  0-8070  911  1522 


Ethyl  \-M ethoxy succinate. 
[M]^'  -  102-9°,  d  20°/4°  1-0676,  Mjd  19M. 


Solvent. 

c. 

d  2074°.               [M]f . 

M.S.V 

Benzene   

20-0429 

10  0090 

5-0339 

0-9138                 -118  2° 
0-8962                     120-4 
0-8872                    123-4 

191-3 
191-1 
192-1 

Ethyl  alcohol... 

19-9254 
9  9748 
5-0-263 

0-8434                    -96-2 
0-8174                      97-3 
0-8045                      97-6 

190-3 
190-1 
189-6 

Propyl 

\-M  ethoxysuccinate. 

[Mr 

-  109-0°, 

(^2074°  1-0312,  Mjd  2250. 

Solvent. 

c. 

d  2074^              [M]-f . 

M.S.V 

Solvent. 

c. 

d  2074^ 

[M]f. 

M.S.V 

Benzene   

19-9105 

10-0140 

4-9880 

0-9082 
0-8985 
0-8865 

-  122-3° 
125-7 
126  7 

225-1 
225-5 
223-7 

Ethyl  alcohol... 

19-8346 

10  0320 

6  0014 

0-8376 
0-8149 
0-8054 

-101-1 
101-1 
100  1 

224-4 
223-4 
222  9 

The  optically  active  diamide  and  dianilide  of  methoxysuccinic 
acid,  which  have  not  been  hitherto  examined,  were  readily  obtained 
from  methyl  /-methoxysuccinate  by  the  action  of  methyl-alcoholic 
ammonia  solution  at  the  ordinary  temperature,  and  of  aniline  at 
130 — 140°  respectively.  The  analysis  of  these  compounds  and  the 
results  of  polarimetric  observations  (^==2)  made  on  their  solutions 
are  recorded  below.  The  molecular  rotations  of  maldiamide  and 
xnaldianilide  are  appended   for  comparison. 

IMethoxysuccindiamidc    crystallises    from  methyl-alcoholic   sola- 
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tion  in  prisms  melting  at  178—179°.     The  inactive  amide  melts  at 
175°  (Trans.,  1891,  59,  471) : 

Found,  C  =  41-13;  H  =  7-01;  N  =  19-33. 

C5H10O3N2  requires  C  =  41-10;  H  =  6-85;  N-19-18  percent. 
\-Methoxysuccindianilide   crystallises   from   hot  benzene  solution 
in  small  needles,  melting  at   158 — 159°: 
Found,  N  =  9-58. 

C17HJ8O3N2  requires  N  =  9"40  percent. 

^Methoxy-  Z-Methoxy- 

succindiainide.   Maldi-  succindiaiiilide.  Maldi- 

r "-^— — N  amide.  ^ ^ v  aiiilide. 

Solvent.                        c.          [MJf.     [M]^\  c.           i^]f.  [M]f, 

Water    7-4860  -59'4°  -50-2°*         _  _  — 

1-2165  58-8  _              _  _  _ 

Methyl  alcohol    1-0460  83  0  —  2-1096  -231-7°  — 

Acetic  acid   3-9954  60-8  59-7  t  2-1193  158-9  -172-3°* 

2-0333  60-7  —  1-5408  158-6  — 

Pyridine   02740  117-2  76-2  t  2-4546  197-9  287-1  t 

, _  _  _  1-2063  196-4  — 

*  Walden,  Zeitsch.  physikal.  Chem.,  1895,  17,  265. 

t  McCiae,  Trans.,  1903,  83,  1326. 

X  Guye  and  Babel,  Arch.  Sci.  phys.  nat.,  1899,  [iv],  7,  23. 

The  observation  on  methoxysuccindianilide  in  methyl-alcoholic 
solution  was  made  at  16°.  Methoxysuccindiamide  being  very 
sparingly  soluble  in  pyridine,  the  rotation  given  for  it  in  this  solvent 
is  only  approximate. 

Discussion   of   Results. 

Considering  the  uncertainty  of  obtaining  active  compounds  dis- 
playing the  maximum  rotation  by  the  methods  of  resolution,  the 
rotatory  powers  of  the  esters  formerly  obtained  from  6?Z-methoxy- 
succinic  acid  are  in  fair  agreement  with  the  more  exact  values  now 
found  for  the  same  compounds  obtained  from  malic  acid.  It  was 
stated  (Trans.,  1895,  67,  979)  that  the  value  there  recorded  for 
methyl  </-methoxysuccinate  was  probably  about  2°  low,  and  that 
the  actual  value  should  therefore  be  about  [a]{;  +  54-5°.  The  value 
now  found  for  the  /-ester  from  malic  acid,  corrected  for  tempera- 
ture, is  [a]]f  -  55-27°.  The  values  for  the  ethyl  ^e8te^  from  the 
two  different  sources  are  [ajj?  -50-11°  and  —50-51°  respectively, 
and  for  the  propyl  ^ester,  [a]{?  -45-21°  and  -4719°  The 
/-methoxysuccinic  acid,  now  obtained  by  hydrolysing  the  methyl 
tester  from  methyl  malate,  gave  in  aqueous  solution  for  c  =  6*135, 
[a]}f  —33-56°;  the  rf-acid  from  the  alternative  source  (Trans.,  1893, 
63,  224)  in  approximately  the  same  concentration  gave  [a]lf  +  3304°. 

The  optical  relationships  of  the  methyl,  ethyl,  and  propyl  ^mono- 
methoxysuccinates  resemble  those  of  the  corresponding  c?-dimethoxy- 
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succinates  already  described  (Purdie  and  Irvine,  Trans.,  1901,  79, 
963),  and  a  general  parallelism  is  observable  in  the  relationships  of 
each  series  to  the  parent  malic  and  tartaric  series.  We  tabulate 
below  the  molecular  rotations  of  the  four  series  of  liquid  esters. 
Observations  at  20°  being  impossible  in  the  case  of  methyl  d-di- 
methoxysuccinate  (m.  p.  53°),  values  at  60°  are  given  for  all  the 
methoxysuccinates ;  the  values 'of  the  tartrates  and  dimethoxy- 
derivatives  have  been  halved,  so  as  to  exhibit  the  optical  effect  of 
only  one  of  the  two  asymmetric  groups.  The  intermediate  columns 
show  the  differences  between  the  molecular  rotations  of  the 
methylated  esters  and  the  corresponding  malates  (Walden,  loc.  cit.) 
and  tartrates  (Pictet,  Jahresber.,  1882,  856): 

Z-Monomethoxy-  rf-Dimethoxy- 

snccinatcs.  Malates.     succinates.  Tartrates. 

[M]f.  Diff.         [M]f.        [M]f/2.  DifT.       [M]f/2. 

Methyl...        -93-9°  82-8''        -111°        +850°  831°        +l-9r 

Ethyl    ...         1001  80-8  19-3  999  920  7-89 

Propyl  ...         105-6  SO'S  25  3  106-3  91-8  14-55 

It  is  seen  from  the  tabulated  figures  that  the  methylation  of 
malic  and  tartaric  esters  produces  a  remarkable  increase  of 
rotatory  power  in  the  laevo-  and  dextro-sense  respectively.  The 
alkyl  radicles  when  introduced  into  these  esters  have,  in  fact,  a 
much  greater  effect  in  the  directions  indicated  than  any  of  the 
acyl  groups.  It  has  been  previously  pointed  out  (Purdie  and  Irvine, 
loc.  cit.)  that,  regarding  the  malic  esters  as  derived  from  ^/-malic 
acid,  the  radicles  in  respect  of  their  optical  influence  as  substituents 
in  the  cases  under  consideration  may  be  said  to  stand  at  the  positive, 
the  aromatic  acyl  groups  at  the  negative,  end  of  the  scale,  whilst 
the  aliphatic  acyl  groups  hold  an  intermediate  position. 

The  ethereal  mono-  and  di-methoxysuccinates,  like  the  parent 
malates  and  tartrates,  exhibit  an  increase  of  rotatory  power  with 
ascent  of  the  series.  Inspection  of  the  columns  of  differences  shows 
that  the  optical  effect  of  methylating  the  three  malates  is  remark- 
ably constant,  raising  the  rotation  of  each  by  about  the  same  amount 
(80°  to  83°).  The  rise  produced  in  the  case  of  ethyl  and  propyl 
tartrates  is  also  uniform,  although  considerably  greater  (about  92°), 
the  result  being  that  despite  the  lower  activity  of  the  tartrates  *  as 
compared  with  the  malates,  ethyl  and  propyl  dimethoxysuccinates 
ahow  nearly  the  same  values  as  the  corresponding  monomethoxy- 
eaters.  The  optical  effect  of  methylating  methyl  tartrate,  however, 
diverges  considerably  from  the  regularity  exhibited  by  the  other 
malates  and  tartrates.  The  molecular  rotation  of  methyl  di- 
methoxysuccinate  is  about  9°  short  of  that  of  methyl  monomethoxy- 

As  stateil   above,    the   halved   molecular   rotations  of  the   tartrates  and  the 
dimetJ)"vi  .i...;vTtjvfs  arc  here  referred  to. 
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succinate,  the  increase  of  rotation  produced  by  the  methylation  of 
methyl  tartrate  being  only  83"1°.  This  exceptional  result  may  be 
related  to  the  fact  that,  whilst  methyl  monomethoxysuccinate  is 
liquid  even  at  0°,  the  dimethoxysuccinate  at  the  temperature  of 
observation  (60°)  is  but  little  removed  from  its  melting  point,  and 
is  therefore  possibly  in  a  state  of  abnormal  aggregation. 

The  rotatory  powers  of  the  mono-  and  di-methoxysuccinic  esters 
are  similarly  influenced  by  (1)  change  of  temperature,  (2)  solvents, 
(3)  concentration  in  solutions.  Certain  regularities  with  respect  to 
the  influence  of  these  factors  are  also  observable  in  comparing 
malates  and  tartrates  with  the  mono-  and  di-methylated  esters 
respectively,  but  the  relationships  here  become  extremely  complex, 
and  require  more  extended  investigation  for  their  elucidation.  With 
some  exceptions,  the  optical  effect  of  the  three  factors  on  the 
methoxy-esters  is  in  the  opposite  sense  to  their  effect  on  the  parent 
hydroxy-esters. 

With  rise  of  temperature,  within  the  limits  of  our  observations, 
the  mono-  and  di-methoxysuccinates  examined  show  a  diminution, 
the  corresponding  malates  and  tartrates,  like  lactates  and  glycerates 
(Walden,  Ber.,  1905,  38,  364),  an  increase  of  rotatory  power.  The 
temperature-coefficients  (p.  1518)  of  the  three  monomethoxy-esters 
have  nearly  the  same  value  (  — 0"0008),  and  those  of  the  ethyl  and 
propyl  dimethoxy-esters  (  — 0'0014  and  —0*0012)  do  not  differ  very 
greatly  from  them.  It  is  noteworthy  that  the  abnormal  sensitive- 
ness to  temperature  which  characterises  the  tartaric  esters  (Walden, 
loc.  cit.)  disappears  when  they  are  methylated. 

All  the  three  esters  of  the  mono-  and  di-methoxysuccinic  series 
(Trans.,  1901,  79,  973)  show  a  marked  rise  in  the  value  of  [M]J 
when  dissolved  in  benzene  (c  =  20  per  cent.).  A  further  rise  occurs 
on  dilution  (c  =  5  per  cent.).  A  fall  in  value,  much  less  in  amount, 
is  produced  by  solution  of  the  monomethoxysuccinates  in  ethyl 
alcohol,  and  the  same  result  holds  for  solution  of  the  methyl  and 
ethyl  dimethoxysuccinates  in  methyl  alcohol.  The  relationships  of 
the  dimethoxysuccinates  with  the  tartrates  in  respect  of  the  influence 
of  solvents  on  their  rotatory  powers  have  been  previously  described 
{loc.  cit.).  With  regard  to  the  monomethoxysuccinates  and  the 
parent  malates,  the  effects  of  benzene  and  of  methyl  alcohol  on 
methyl  and  ethyl  malates  (Walden,  Ber.,  1906,  39,  671)  are  again  in 
the  opposite  sense  to  their  effects  on  the  corresponding  methylated 
esters. 

The  well-known  researches  of  Patterson  have  shown  that  in  many 
instances  a  correspondence  can  be  traced  between  changes  of 
rotation  and  of  molecular  solution  volume.  Our  observations  on 
the  three  ethereal  Z-methoxysuccinates  exhibit  some  regularities  in 
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this  connexion,  which  may  be  recorded.  The  increase  of  molecular 
rotation  produced  by  solution  of  the  esters  in  benzene  is  attended 
by  a  parallel  increase  of  molecular  volume.  The  initial  increments 
of  molecular  rotation  on  dissolving  the  compounds  in  benzene 
(c  =  20  per  cent.)  are  17-9°,  15-3°,  and  13-3°  for  the  methyl,  ethyl, 
and  propyl  terms  respectively.  The  corresponding  increments  of 
molecular  volume  (0'7,  0"2,  and  O'l)  are  small,  but  obviously 
diminish,  like  the  increments  of  rotation,  with  ascent  of  the  series. 
The  further  increase  of  rotation  which  occurs  on  diluting  the 
benzene  solutions  is  associated  with  a  further  slight  increase  of 
molecular  solution  volume.  The  molecular  solution  volume  of  the 
propyl  ester,  however,  shows  a  maximum  at  the  concentration 
c  =  10  per  cent.,  and  a  corresponding  maximum  of  rotation  might 
be  expected  at  this  point.  Although  no  such  maximum  occurs, 
the  smaller  increase  of  rotation  exhibited  by  this  ester  in  the  most 
dilute  solution,  when  compared  with  the  corresponding  increases 
shown  by  the  methyl  and  ethyl  esters,  indicates  that  its  rotations 
are  more  nearly  approaching  a  maximum. 

As  already  stated,  the  initial  effect  of  ethyl  alcohol,  in  contra- 
distinction to  that  of  benzene,  is  a  diminution  of  rotation ;  the  effect 
of  alcohol  on  molecular  volume  is  also  in  the  opposite  sense  to  that 
of  benzene.  The  changes  which  occur  on  diluting  the  alcoholic 
solutions  do  not  show,  however,  any  obvious  connection  between 
rotation  and  molecular  solution  volume. 

The  rotatory  powers  of  malamide  and  tartramide  and  their 
derivatives  have  been  systematically  investigated  by  Frankland  and 
his  pupils  in  recent  years  (Trans.,  1906,  89,  1859;  1910,  97,  154, 
and  preceding  papers).  In  both  the  malic  and  tartaric  series,  the 
aromatic  amides  show  a  much  higher  molecular  rotation  than  the 
unsubstituted  amides  and  alkylamides.  Our  observations  on 
Z-methoxysuccin amide  and  anilide  in  methyl  alcohol  and  glacial 
acetic  acid  solutions  (p.  1520)  show  that  here  also  a  great  increase 
attends  the  introduction  of  a  phenyl  group  into  the  simple  amide. 

A  general  similarity  also  prevails  with  respect  to  the  influence  of 
different  solvents  on  the  rotatory  powers  of  maldiamide  and 
maldianilide  on  the  one  hand,  and  of  the  corresponding  methoxy- 
derivatives  on  the  other.  Disregarding  the  effect  of  methyl  alcohol, 
for  which  in  the  case  of  malamide  no  data  are  available,  the  values 
of  both  the  diamides  are  at  their  lowest  in  water,  and  at  their 
highest  in  pyridine  solution.  The  rotations  of  both  anilides  are 
much  higher  in  pyridine  than  in  acetic  acid  solution. 

It  is  particularly  worthy  of  notice  that  the  replacement  of  the 
group  CH'OH  by  CH-OMe,  which  so  largely  enhances  the  rotatory 
power  in  the  case  of  malic  acid  and  its  esters,  has  not  the  similar 
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effect  in  the  case  of  the  amide  and  anilide  of  malic  acid,  which  was 
to  be  expected.  The  rotation  of  Z-methoxysuccinamide,  it  is  true, 
exceeds  that  of  malamide  in  pyridine  solution,  and  by  a  relatively 
small  amount  also  in  water  solution,  but  the  rotations  of  the 
methoxy-amide  and  anilide  in  the  other  solvents  are  either  about 
equal  to  those  of  the  corresponding  xinsubstituted  malic  compounds, 
or  distinctly  lower. 

The  metallic  salts  are  the  only  other  derivatives  of  malic  acid, 
so  far  known,  whose  rotation  is  lowered  by  the  alkylation  of  the 
alcoholic  hydroxyl  group. 

Chemical  Reskarcii  Laboratory, 
United  College  of  St.  Salvator  and  St.  Leonard, 

LfNIVERSITY    OF    St.    ANDREWS, 

and 
Glasgow  and  West  of  Scotland  Technical  Coilege, 


CXLT. — Optically  Active  Derivatives  of  l-Methoxy-  and 
d-Dimethoxy-succinic  A  cids. 

By  Thomas  PufeDiE,  F.R.S.,  and  Charles  Robert  Young,  B.Sc. 

In  continuation  of  previous  work  (see  p.  1517  and  Trans.,  1901, 
79,  957),  we  have  prepared  a  number  of  derivatives  of  optically 
active  mono-  and  di-methoxysuccinic  acids,  an  account  of  which  is 
contained  in  the  following  paper. 

In  view  of  the  superior  stability  of  the  alkyloxy-group  as  compared 
with  the  hydroxyl  group,  it  appeared  probable  that  derivatives, 
such  as  acid  chlorides  and  anhydrides,  which  cannot  be  obtained 
from  malic  or  tartaric  acids,  could  be  prepared  from  the  correspond- 
ing alky loxy- acids.  Derivatives  of  this  nature  should  prove  useful 
in  the  synthesis  of  optically  active  substances,  and  also  for  comparing 
the  optical  relationships  of  compounds  of  the  succinic  acid  type. 

We  find  that  the  methoxyl  groups  are,  in  general,  not  affected  by 
the  reagents  used,  and  that  the  products  are  optically  active,  the 
only  cases  exceptional  in  this  respect  being  the  action  of  sodium 
methoxide  and  of  magnesium  phenyl  bromide  on  methyl  Z-methoxy- 
succinate. 

The  chlorides  and  anhydrides  of  the  mono-  and  di-methoxy- 
succinic acids  are  readily  obtained  from  the  corresponding  acids 
by  the  action  of  phosphorus  pentachloride  and  acetyl  chloride 
respectively.  The  monomethoxy-compounds  are  both  liquids  which 
distil  without  decomposition;  the  dimethoxy-compounds  are 
crystalline. 
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The  constitution  of  succinyl  chloride  has  been  the  subject  of  much 
discussion.  In  certain  well-defined  cases  the  compound  reacts  in 
the  lactonic  form;  recently  Meyer  and  Marx  have  shown  con- 
clusively {Ber.,  1908,  41,  2459)  that  with  alcohols,  on  the  other 
hand,  it  acts  aa  if  it  had  the  ordinary  constitution  of  an  acid 
chloride.  The  substance  is  therefore  tautomeric,  but  there  is  no 
satisfactory  evidence  to  show  whether  it  consists  of  one  only  of  the 
two  desmotropic  forms  or  of  a  mixture  of  both. 

We  have  not  yet  applied  the  reactions  to  mono-  and  di-methoxy- 
succinyl  chlorides,  which  on  the  analogy  of  succinyl  chloride  should 
give  derivatives  of  the  lactonic  type.  We  find,  however,  that  with 
alcohols  they  react  like  succinyl  chloride  in  the  ordinary  symmetric 
form.  A  specimen  of  the  liquid  methyl  /-methoxysuccinate, 
obtained  by  interaction  of  the  chloride  and  methyl  alcohol,  was 
practically  identical  in  rotatory  power  with  the  ester  prepared  from 
the  silver  salt  of  the  acid  (Trans.,  1895,  67,  970),  and  also  with 
that  obtained  by  the  methylation  of  methyl  malate.  Similarly,  the 
crystalline  methyl  (/-dimethoxysuccinate  obtained  from  the  corre- 
sponding acid  chloride  was  identical  in  melting  point  and  rotatory 
power  with  the  product  of  methylation  of  methyl  tartrate. 

Moreover,  we  find  that  the  polarimetric  examination  of  solutions 
of  these  chlorides  in  indifferent  solvents  shows  that  the  compounds 
exist  in  one  form  only,  judging  from  the  fact  that  the  rotatory 
powers  remain  permanent  under  conditions  which  usually  promote 
tautomeric  change.  Thus,  a  benzene  solution  of  Z-methoxysuccinyl 
chloride  showed  no  mutarotation  after  forty-eight  hours.  The 
rotation  of  a  similar  solution  of  J-dimethoxysuccinyl  chloride,  to 
which  a  trace  of  aluminium,  chloride  *  was  added  as  a  catalytic 
agent,  remained  unchanged  after  the  lapse  of  six  weeks.  In 
another  experiment  a  fresh  quantity  of  the  crystalline  chloride  was 
heated  in  a  sealed  tube  at  100°  for  six  hours  in  the  fuseS  state. 
This  treatment  produced  no  change  in  the  melting  point  of  the 
solidified  substance  or  in  its  rotatory  power  in  benzene  solution,  and 
no  mutarotation  occurred  on  addition  of  a  trace  of  aluminium 
chloride  and  on  prolonged  keeping.  The  same  observations  were 
made  on  the  compound  immediately  after  being  distilled,  with  the 
same  negative  results.  We  conclude  from  these  experiments  that, 
■whatever  be  the  case  with  succinyl  chloride,  its  methoxy-derivatives 
are  not  mixtures  of  dynamic  isomerides. 

The  methyl  hydrogen  esters  of  /-mono-  and  c?-di-methoxysuccinic 
acids  were  readily  obtained  from  the  respective  anhydrides  by 
heating  these  with  methyl  alcohol.     Both  compounds  are  crystalline. 

*  Aluminium  chloride  was  used  aa,  with  this  reagent  and  benzeue,  succinyl 
chloride  is  kuowu  to  react  in  the  lactonic  form. 

VOL.   XCVII.  5    H 
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By  passing  dry  ammonia  gas  into  ^methoxysuccinic  anhydride 
at  100°,  a  mixture  of  the  amic  acid  and  its  ammonium  salt  was 
produced,  from  which  the  former  was  isolated  by  fractional 
crystallisation.  The  dry  distillation  of  the  amic  acid  gave  a 
crystalline  substance  (melting  point  59 — 61°),  which  analysis  showed 
to  have  the  composition  of  the  imide,  but  lack  of  material  prevented 
further  examination. 

The  action  of  alcoholic  sodium  methoxide  on  methyl  ^methoxy- 
succinate  was  undertaken  in  the  hope  of  obtaining  an  optically 
active  dimethoxysuccinylosuccinic  ester.  Condensation  occurred, 
but  the  reaction  was  more  complex  than  in  the  case  of  the  unsub- 
stituted  succinic  ester,  one  at  least  of  the  etheric  methoxyl  groups 
of  the  two  condensing  molecules  being  lost  and  the  optical  activity 
destroyed.  The  only  product  isolated  was  a  pale  yellow,  amorphous 
solid,  which  in  alcoholic  solution  gave  a  plum  coloration  with  ferric 
chloride,  changing  to  reddish-purple  on  dilution.  It  could  not  be 
crystallised,  nor  could  crystalline  derivatives  be  obtained  from  it. 
Combustion  and  estimation  of  methoxyl  agreed  with  figures  cal- 
culated for  a  closed-ring  condensation  of  two  molecules  of  methyl 
methoxysuccinate  with  the  loss  of  three  molecules  of  methyl  alcohol, 
or  for  the  isomeric  substance  which  would  result  from  an  open-chain 
condensation  of  two  molecules  of  methyl  fumarate  by  the  abstraction 
of  one  molecule  of  methyl  alcohol.  In  general  properties  and  in 
composition,  it  was  identical  with  a  condensation  product  previously 
obtained  (Trans.,  1891,  59,  472)  from  the  action  of  alcoholic 
sodium  methoxide  on  methyl  fumarate.  The  substance  appears  to 
be  of  some  interest,  and  will  be  examined  later. 

Valeur  {Compt.  rend.,  1901,  132,  833;  Bull.  Soc.  chim.,  1902, 
[iii],  27,  1138;  1903,  [iii],  29,  683),  Dilthey  and  Last  {Ber.,  1904, 
37,  2639),  and  others  have  shown  that  Grignard  reagents  act 
normally  on  succinic  esters,  producing  ditertiary  glycols,  and  in 
some  cases  anhydrides  of  the  glycols  (Acree,  Amer.  Ghem.  J.,  1905, 
33,  180).  The  reaction  with  alkyloxysuccinic  esters  follows  the 
same  course,  the  products  being  the  corresponding  optically  active 
mono-  and  di-alkyloxyglycols  or  their  anhydrides.  The  action  of 
magnesium  phenyl  bromide  on  methyl  methoxysuccinate  is,  however, 
more  complex,  and  is  described  in  the  succeeding  paper. 

With  magnesium  methyl  iodide,  methyl  ^-dimethoxysuccinate 
([a]jj  -f  81*04°  in  methyl  alcohol  solution)  gave  laevorotatory 
y5-dimetkoxi/-^e-dinieihi/lhexane-fi€-diol, 

HO-CMe2-CH(OMe)-CH(OMe)-CMe2-OH 
(m.  p.  71°,  [o]o  —  309°  in  methyl-alcoholic  solution).     On  treating 
the  substance  with  excess  of  dry  silver  oxide  and  methyl  iodide  in 
the   usual   manner,   the  hydroxyl  groups   were   onljr    very    partly, 
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methylated.  In  view  of  our  experience  with  this  alkjlation  process, 
the  result  was  a  matter  of  surprise,  but  ife  appears  that  tertiary 
alcohols  resist  alkylation  by  this  method.  G.  D.  Lander  (Trans., 
1900,  77,  732)  found  this  to  be  the  case  with  triphenylcarbinol,  and 
A.  McKenzie  and  H.  Wren  (Trans.,  1910,  97,  476)  have  shown  that 
of  the  two  hydroxy!  groups  of  ^triphenylethylene  glycol,  the 
secondary  alcoholic  group  only  is  thus  methylated. 

On  distilling  the  Isevorotatory  glycol  repeatedly  under  the  ordinary 
pressure,  it  was  converted  to  a  large  extent  into  a  dextrorotatory 
liquid  anhydride  by  the  loss  of  one  molecule  of  water.  )3e-Dimethyl- 
hexane-/3e-diol  (L.  Henry,  Compt.  rend.,  1906,  143,  496)  gives  the 
unsaturated  alcohol,  CMeoICH'CHo'CMeo'OH,  by  dry  distillation. 
It  is  unlikely,  however,  that  dehydration  should  occur  in  this  fashion 
in  the  case  of  the  corresponding  dimethoxy-glycol,  and  the  dextro- 
rotatory  liquid  referred    to  above    is    more    probably    the    furan 

,     .       .       CH(OMe)-CMe.,\^       .       ,  .       ,      .        , 

derivative,  /i,ij//^^r  x.mvf  "^^'    ring  formation  having  changed  the 

sign  of  rotation. 

With  magnesium  phenyl  bromide,  ethyl  succinate  gives  tetra- 
phenyltetramethylene  glycol  (aa55  -  tetraphenylbutane  -  ad  -  dione) 
under  ordinary  conditions,  but  Acree  (loc.  cit.)  found  that  with  a 
boiling  ethereal  solution  of  the  Grignard  reagent  the  only  product 
of  the  reaction  was  an  anhydride,  probably  tetraphenyltetra- 
methylene  oxide  (2  :  2  :  5  :  5-tetraphenyltetrahydrofuran).  In  our 
experiments  on  the  action  of  magnesium  phenyl  bromide  on  methyl 
<^-dimethoxysuccinate,  the  reaction  mixture  was  not  heated,  but  an 
excess  of  the  Grignard  reagent  was  used,  and  the  only  product 
isolated  was  an  anhydride  (m.  p.  184 — 185°)  of  the  expected  glycol. 
The  compound  decolorised  alkaline  permanganate  in  the  cold  only 
after  a  long  time,  and  did  not  combine  with  bromine ;  we  conclude 
therefore  that  it  is  3:i-Jirnethoxi/-2:2:5:5-tetraphenfjltetrahi/dro- 
.  CH(OMe)-CPh„\^      „, 

furan,  (Jjjj/oj^jgN.Qpjj^*^-     The  compound  is  thus  the  dimethylated 

oxide  of  tetraphenylerythritol, 

HO-CPh/CH(OH)-CH(On)-CPVOn, 
which  Frankland  and  Twiss  (Trans.,  1904,  85,' 1666)  obtained  by 
the  action  of  magnesium  phenyl  bromide  on  methyl  tartrate. 
Frankland's  glycol  is  strongly  dextrorotatory  ([o]^  + 182-8°  in 
ethyl-alcoholic  solution) ;  our  compound  is  Uevorotatory  ([o]i,  — 115-7° 
in  benzene  solution).  The  great  difference  between  the  rotatory 
powers  of  the  two  compounds  is  probably  attributable  in  the  main 
to  the  existence  of  the  ring  in  the  structure  of  the  oxide. 
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Optical  Rotatory  Powers. 

All  the  mono-  and  di-alkyloxysuccinic  acids  and  their  derivatives, 
■which  have  been  examined,  excepting  some  salts  of  bivalent  metals 
and  the  products  of  the  Grignard  reactions,  retain  the  sign  of  the 
parent  Z-malic  and  <:?-tartaric  acids,  that  is  to  say,  the  monoalkyloxy- 
compounds  are  lasvorotatory,  the  dialkyloxy-compounds  dextro- 
rotatory. The  rotatory  powers  are  much  influenced  by  the  nature 
of  the  solvent  used,  -water  giving  as  a  rule  the  lo-west,  and  benzene 
the  highest  values.  The  order  of  increasing  effect  on  the  values  is 
in  general  as  follows :  water <Cmethyl  and  ethyl  alcohols-< acetone 
■<benzene.  We  tabulate  below  in  the  form  of  molecular  rotations 
some  of  the  observations  recorded  in  the  experimental  part  of  this 
and  the  preceding  paper,  and  in  earlier  communications  (Trans., 
1895,  67,  949,  979;  1901,  79,  962,  965);  also,  the  results  of  some 
unpublished  observations.  To  present  the  results  in  comparable 
form,  the  molecular  rotations  of  the  tartrate  derivatives  have  been 
halved  so  as  to  show  the  optical  effect  of  one  only  of  the  two  similar 
asymmetric  groups,  and  in  case  of  solutions,  observations  have  been 
selected  where  concentrations  were  approximately  similar,  so  far  as 
"the  available  data  permitted. 


l-Malic  derivatives. 

d-  Tartaric  derivatives. 

Solvent. 

[M]f. 

Solvent. 

[M]^«72 

Z-Methoxysuccinic 
Acid    

Aretone 

Benzene 

Acetone 

Pure  liquid 

>> 

-88-9° 
100-2 
109-1 
93-9 
102-9 
109-0 

(Z-Dimethoxysuccinic : 
Acid     Acetone 

+  85-2° 

Chloride , 

Anhydride 

Dimethyl  ester. 
Diethyl         ,, 
Dipropyl      ,, 

Chloride Benzene 

Anhydride Acetone 

Dimethyl  ester.  Pure  liquid 
Diethyl         ,,               „ 
Dipropyl      „              ,, 

111-9 
119-0 
85-0 
105-3 
111-2 

Z-Ethoxysuccinic  : 
Dimethyl  ester. 
Diethyl         ,, 
l)ipro{)yl       ,, 

>> 

1159 
121-0 
12t5-l 

d-Diethoxysuccinic  : 
Dimethyl  ester.           ,, 
Diethyl         ,,               ,, 
Dipropyl      ,,               ,, 

106-4 
124  3 
125-3 

Dimethyl  methoxysuccinate  is  liquid,  dimethyl  dimethoxy- 
succinate  solid  (m.  p.  52 — 53°).  The  values  given  for  these  esters 
are  therefore  for  60°.  The  former  ester  has  [M]'t;'  -96-8°;  the  value 
calculated  for  the  latter  should  be  about   +  90°  at  20°. 

In  both  series  the  conversion  of  acid  into  anhydride  is  attended 
by  extensive  change  of  rotatory  power,  as  is  commonly  the  case 
in  ring  formation.  The  acids,  it  will  be  seen,  are  the  least  optically 
active  of  the  compounds  mentioned,  whilst  the  anhydrides  show 
values  of  the  same  order  as  the  more  active  esters.  The  conversion 
of  acid  into  chloride  also  raises  the  rotation,  but  to  a  less  extent. 
The  value  for  dimethoxysuccinyl  chloride,  namely  85  ■8°,  is,  in  fact, 
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but  little  higher  than  that  for  the  acid  in  the  same  solvent.  With 
respect  to  the  direction  of  the  change  of  rotation  attending  the 
conversion  of  a<:id  into  chloride,  ester,  and  anhydride,  optically 
active  acids  of  the  succinic  type  show  a  general  regularity  which 
may  be  stated  thus :  the  changes  of  rotatory  power  attending  the 
conversion  of  alkyloxy-,  acyloxy-,  and  halogen-succinic  acids  of  the 
same  configuration  into  chloride,  ester,  or  anhydride  are  similarly 
direoted,  the  rotation  of  the  d-  and  Z-acids  being  always  shifted  in 
the  dextro-  and  laevo-direction  respectively.  Keeping  in  view  the 
fact  that  Z-malic  and  <f -tartaric  acids  have  an  opposite  configuration, 
the  rotations  of  the  acids  derived  from  the  former  are  accordingly 
shifted  by  the  conversions  mentioned  in  the  laevo-direction,  the 
rotations  of  those  derived  from  the  latter  in  the  dextro-direction. 
The  regularity  in  question  is  illustrated  in  the  preceding  and 
following  tables.  The  values  quoted  below  are  molecular  rotations 
calculated  from  specific  rotations  to  be  found  in  Long's  translation 
of  Landolt's  "  Optical  Rotating  Power."  The  value  given  for 
Z-bromosuccinic  acid  is  taken  from  Walden's  observation  on  its 
enantiomorph,  and  those  for  acetylmalic  acid  and  its  anhydride  from 
Pictet  {Compt.  rend.,  1893,  116,  1134).  Where  no  solvent  is 
indicated,  the  observations  refer  to  the  pure  liquid: 

Acid.  Chloride.  Ethyl  ester.         Anhydride. 

-  37°  to 

/Acetylmalic    -45-4'  >■       -52*2'    — >■     -41 -r 

Acetone.  Chloroform. 

/-Chlorosuccinic    +80-3° — >-  +55  9°    — >-     +57'3°     — >-     +415' 

Ethyl  acetate.  Ethyl  acetate. 

/-Bromosuccinic    +133-8" >■     +103*6' 

Ether. 

rf-Diacetyltartaric -55-3° >■       +14-5°    — >■  +126-8° 

Ethyl  alcohol.  Benzene. 

rf-Dibenzoyl tartaric -417-0° >      -245-7°     — >■  +486-0° 

Ethyl  alcohol.  Acetone. 

The  only  exception  to  the  general  uniformity  shown  in  the  table 
is  the  low  rotation  of  /-acetylmalic  anhydride,  but  this  is  doubt- 
less explained  by  the  lowering  influence  of  the  solvent  used  (see 
Walden's  observation  on  methyl  acetylmalate  in  chloroform  solu- 
tion, Ber.,  1906,  39,  675).  The  dextrorotatory  halogen-succinic 
acids  are  now  recognised  to  have  the  same  configuration  as  Z-malic 
acid,  and  the  direction  of  the  changes  of  rotation  is  in  agreement 
with  this  view. 

The  direction  of  the  change  of  rotation  in  passing  from  acid  to 
ester  in  the  case  of  malic  and  tartaric  acids  also  follows  the  rule 
■tated.     Malic  esters  are  more  laevorotatory  than  malic  acid.     The 
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molecular  rotation  of  tartaric  acid  in  dilute  aqueous  solution,  it  is 
true,  is  higher  than  that  of  pure  ethyl  tartrate,  but  the  values 
found  under  such  different  conditions  are  not  comparable.  The 
ester  is  more  dextrorotatory  than  the  acid  when  both  are  examined 
in  aqueous  solution,  or  when  the  acid  in  organic  solvents  is  compared 
with  the  liquid  ester.  Tartaric  acid  is,  in  fact,  laevorotatory  in  a 
mixture  of  acetone  and  ether. 

We  have  previously  drawn  attention  (Trans.,  1901,  79,  964)  to 
the  unexpected  general  similarity  of  the  molecular  rotations  of 
corresponding  mono-  and  di-alkyloxysuccinic  esters.  The  similarity 
is  remarkable  in  view  of  the  divergent  rotations  of  malic  and  tartaric 
esters,  and  of  their  respective  mono-  and  di-acyl  derivatives.  Fresh 
data  included  in  the  table  illustrate  still  further  the  regularity 
referred  to.  It  will  be  seen  that  in  the  case  of  the  esters,  and  of 
the  acids  in  acetone  solution,  the  correspondence  of  the  values  of 
the  mono-  and  di-alk^^loxy-compounds  is  remarkably  close,  that  is  to 
say,  the  introduction  of  OR  into  CHg'COgR  or  into  CHo'COgH 
produces  remarkabl}'^  little  change  on  the  optical  effect  of  the 
asymmetric  group.  The  only  exceptions  are  the  commonly  irregular 
methyl  esters  of  the  series,  in  which  the  substitution  produces  a 
decided  fall  of  rotation.  In  general,  the  introduction  of  the  second 
alkyloxy-radicle  is  attended  by  a  slight  rise  of  the  value.  The 
considerable  rise  noticeable  in  the  case  of  the  acids,  chlorides,  and 
anhydrides  is  possibly  related  to  the  accompanying  change  of 
molecular  aggregation,  the  monomethoxy-compounds  being  liquids, 
and  the  dimethoxy-compounds  solids  at  the  ordinary  temperature. 

Experimental. 

The  /-methoxysuccinic  acid  used  in  the  following  preparations  was 
obtained  from  methyl  malate  by  the  methods  already  described 
(p.  1517). 

\-Methoxysiiccinyl  Chloride. — To  11  grams  (1  mol.)  of  dry 
Z-methoxysuccinic  acid,  80  c.c.  of  benzene  and  40  grams  (2*5  mols.) 
of  phosphorus  pentachloride  were  added,  and  the  mixture  was  heated 
for  two  hours  on  a  water-bath  under  a  reflux  condenser.  After 
distilling  off  benzene  and  phosphoryl  chloride  under  diminished 
pressure,  the  residxxal  liquid  gave,  on  repeated  fractionation,  5*7 
grams  of  liquid  distillate,  b.  p.  114 — 117°/56  mm.: 

Found,  CI  =  37-02. 

Cr^HcOaCla  requires  CI  =  38-33  per  cent. 

The  rapid  decomposition  of  the  chloride  when  exposed  to  moist 
air  accounts  for  the  low  analytical  result.  The  persistence  of  the 
metlioxyl  group  in  the  acid  chloride  was  confirmed  by  treating  it 
with  methyl  alcohol,  when  methyl  Z-methoxysuccinate  was  produced. 
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The  specific  rotation,  —  51"9°,  of  an  acetone  solution  of  the  crude, 
once  distilled  ester  so  obtained  agreed  fairly  with  that  of  the  initial 
ester,  —  53'1°,  prepared  from  methyl  malate.  When  warmed  with 
water,  the  chloride  dissolved  gradually,  and,  on  evaporation,  the 
initial  crystalline  acid  was  recovered.  The  specific  rotation  of  the 
acid  chloride  in  benzene  solution  was  [a]o'  —  54"18°,  c  =  6"4317.* 

The  chloride  was  also  prepared  by  the  combined  action  of  acetyl 
chloride  and  phosphorus  pentachloride  on  the  acid,  and  the  product 
showed  practically  the  same  rotatory  power,  namely,  —  54'08°, 
c  =  5*0667,  but  in  some  experiments  this  method  gave  a  mixture  of 
chloride  and  anhydride,  which  had  to  be  separated  by  fractional 
distillation. 

\-Methoxy succinic  A nhydride. 

This  compound  was  obtained  by  heating  the  dry  acid  with  about 
four  times  its  weight  of  acetyl  chloride,  and  distilling  the  product 
under  diminished  pressure.  Thirty-one  grams  of  acid  gave  22  grams 
of  the  crude  anhydride,  from  which,  after  repeated  fractionation, 
11  grams  of  the  pure  liquid  were  collected  (b.  p.  130 — 132°/ 17  mm.). 
Analysis  gave: 

Found,  C  =  45-92;  H  =  4-73;  OMe  =  24-29. 
C4H303(OMe)  requires  C  =  4613;  H  =  4-66;  OMe  =  23-86  per  cent. 

In  acetone  solution,  [a]??'  —  83-91°,  c  =  5"6783,  and  in  benzene 
solution,  -103-3°,  c  =  4-9973. 

Methyl  Hydrogen  \-Methoxy succinate. 

On  boiling  a  methyl-alcoholic  solution  of  the  anhydride,  and 
distilling  the  product,  the  acid  ester  was  obtained  as  a  strongly 
acid  oil  (b.  p.  about  145°/ 10  mm.),  which  after  some  time  suddenly 
crystallised.  It  was  very  soluble  in  ordinary  organic  solvents,  less 
so  in  petroleum  of  high  boiling  point,  containing  a  little  ether,  from 
which  it  separated  in  tufts  of  radiating  needles,  melting  at  46 — 48° : 

Found,   C  =  43-89;  H  =  6-44;   OMe  =  38-33. 
(;^H403(OMe)2  requires  C  =  44-42;  H  =  6-23;  OMe  =  38-28  per  cent. 

Ten  c.c.  of  an  aqueous  solution  of  the  acid  ester  required  12-0  c.c. 
"f  standard  baryta  solution  for  neutralisation,  the  calculated 
[Uantity  being  ITS  c.c. 

In  aqueous  solution,  [a]2*'  -4185°,  c  =  63086,  and  -4328°, 
=  31543.  In  acetone  solution,  -6086°,  0  =  69747,  and  -5764°, 
=  3-4874.     A    weighed    portion  of   the   acid     ester     was    exactly 

*  All  the  polarimetric  observ.itioDs  recorded  in  this  palter  were  takeu  in  a  2-dciu. 

..ibe. 
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neutralised  with  potassium  hydroxide;  the  specific  rotation  of  the 
aqueous  solution  of  methyl  potassium  methoxysuccinate,  so  obtained, 
was  [a]i?°  -19-05°,  c  =  3-936. 

l-Methoxysuccinamic  A  cid. 

Succinimide  was  first  obtained  by  d'Arcet  (.4^??.  Chim.  Phys., 
1835,  [ii],  58,  294)  by  heating  succinic  anhydride  in  a  current  of  dry 
ammonia  gas.  This  process,  when  applied  to  methoxysuccinic 
anhydride,  gave  a  hard,  glassy  product,  soluble  in  water,  which  could 
not  be  obtained  crystalline.  When  dry  ammonia  gas  was  passed 
into  the  anhydride  at  100^,  a  pasty,  crystalline  mass  of  mixed  plates 
and  needles  resulted.  The  former  were  isolated  by  repeated  crys- 
stallisation  from  methyl  alcohol,  and  finally  from  a  mixture  of 
ethyl  alcohol  and  ether,  and  proved  to  be  methoxysuccinamic  acid 
(m.  p.  144°) ;  the  needles  were  apparently  the  ammonium  salt  of 
this  acid.  In  other  similarly  conducted  experiments,  the  acid  alone 
was  produced.  The  compound  was  readily  soluble  in  methyl  and 
ethyl  alcohol,  also  in  acetone,  slightly  so  in  ether,  insoluble  in 
benzene,  chloroform,  carbon  tetrachloride,  or  ethyl  acetate : 

Found,  C  =  40-64;  H  =  6-35;  Ni=9-64;  OMe  =  19-91. 

C4H603N(OMe)  requires  C  =  40-78;  H  =  6-18;  N  =  9-54; 
OMe  =  21-09  per  cent. 

In  aqueous  solution,  \afa  —29-41°,  c=A'im,  and  in  methyl- 
alcoholic  solution,   —46-75°,  c  =  3-251. 

Distillation  of  the  acid  gave  a  crystalline  product  (m.  p.  59 — 61°) 
having  an  acid  reaction ;  it  evolved  ammonia  on  being  heated  with 
potassium  hydroxide  solution,  and  approximated  in  composition  to 
methoxysuccinimide.     The  substance  will  be  further  examined. 

di-Dimethoxysuccinyl  Chloride. 

The  material  used  in  this  and  the  following  preparations  was 
procured  by  methylation  of  methyl  tartrate  and  conversion  of  the 
resulting  methyl  dimethoxysuccinate  into  the  corresponding  acid 
through  decomposition  of  the  barium  salt  (Trans.,  1901,  79,  957). 
The  melting  point  found  for  methyl  dimethoxysuccinate  was  two 
degrees  higher  than  formerly  recorded  (loc.  cit.),  namely,  52 — 53°. 
The  rotatory  power  of  the  ester  in  benzene  solution  was 
identical  with  that  previously  given  (solvent:  acetone,  c  =  5-4183, 
[ajo"  79-63°).  An  attempt  to  prepare  the  acid  chloride  from  the 
ester  by  the  direct  action  of  phosphorus  pentachloride  having  proved 
unsuccessful,  the  dry  acid,  partly  dissolved  in  benzene,  was  treated 
with  this  reagent  in  slight  excess  of  the  calculated  quantity.  The 
reaction  having  been  completed  by  heating  the  mixture  for  some 
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time  on  a  water-bath,  the  benzene  was  distilled  off.  By  washing  the 
solid  residue  with  petroleum  of  high  boiling  point,  and  crystallising 
it  from  anhydrous  ether,  the  acid  chloride  was  obtained  in  long, 
slender  prisms,  melting  at  90 — 93°,  The  yield  of  crystallised 
chloride  from  27:5  grams  of  acid  was  18  grams: 

Found,  C  =  33-19;  H  =  3-94;  Cl  =  32-29. 
CgHgO^Clo  requires  0  =  33-49;  H  =  3-76;  01  =  32-98  per  cent. 

The  analytical  figures  showed  that  the  methoxyl  groups  had  not 
been  attacked  by  the  phosphorus  pentachloride.  This  was  confirmed 
by  the  reproduction  of  the  initial  crystalline  methyl  dimethoxy- 
succinate  when  the  chloride  was  treated  with  methyl  alcohol.  "With 
water,  the  chloride  gave  crystalline  dimethoxysuccinic  acid.  The 
specific  rotation  of  the  chloride  in  acetone  solution  is  [a]'o  79-85° 
c  =  5-3913;  in  chloroform,  5687°,  c  =  1-2484;  in  benzene,  104-14°, 
c  =  2-0357. 

d-Dimethoxysuccinic  Anhydride. 

This  compound  was  readily  obtained  in  well-defined,  apparently 
cubical  crystals  (m.  p.  80 — 82°)  by  heating  the  acid  with  four  times 
its  weight  of  acetyl  chloride,  distilling  off  the  excess  of  the  reagent 
under  diminished  pressure,  and  recrystallising  the  residual  product 
from  chloroform  and  finally  from  anhydrous  ether.  Nine  grams  of 
acid  gave  7  grams  of  recrystallised  anhydride.  The  previously 
recorded  failure  to  obtain  the  compound  by  this  method  (Trans., 
1901,  79,  960)  was  doubtless  due  to  the  action  of  water  contained 
in  the  solvent  ether.  The  dry  barium  salt,  obtained  by  hydrolysis 
of  the  methyl  ester,  may  be  substituted  with  advantage  for  the  acid 
in  the  above  preparation  : 

Found,  0  =  44-68;  H  =  519;  OMe  =  38-87. 
C4H203(OMe)2  requires  0  =  4498;  H  =  5-05;  OMe  =  38'77  per  cent. 

In  acetone  solution,  [a]?*'  148-7°,  c  =  5-2573,  and  148-4°,  6  =  2*3148. 
By  adding  a  little  water  to  the  acetone  solution,  heating  for  some 
time,  and  evaporating,  the  crystalline  acid  was  reproduced. 

Methyl  Hydrogen  d-Dimethoxysuccinate. 

On  distilling  the  product  obtained  by  boiling  a  methyl-alcoholic 
solution  of  the  anhydride,  a  viscous,  acid  syrup  was  collected 
(b.  p.  137 — 142°/ 16  mm.),  which  analysis  sho'^ed  to  be  the  above 
compound.  Owing  to  the  viscid  nature  of  the  product,  the 
aeparation  of  the  distilled  fractions  was  imperfect,  and  the  substance 
was  probably  not  pure :  * 

•  In  a  later  preparation,  the  nndistillcd  product  wa-s  obtained  crystalline,  but  it 
was  found  to  be  contamiimted  with  dimethoxysuccinic  acid. 
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Found,  C  =  43-73;  H  =  6-27. 

C7H12O6  requires   0  =  4372;   H  =  6-31    per  cent. 

In  acetone  solution,  [a]^  91*22°,  c  =  4'615;  in  aqueous  solution, 
69-35°,  c  =  4-823. 

Action  of  Sodium  Metlwxide  on  Methyl  \-Methoxy succinate. 

A  mixture  of  the  ester  (1  mol.)  and  sodium  metlioxide  (2  mols.) 
in  methyl-alcoholic  solution  was  heated  at  60°  for  four  hours.  On 
evaporating  off  the  alcohol  and  pouring  the  residual  oil  into  ice-cold 
sulphuric  acid,  a  pale  yellow,  flocculent  solid  was  precipitated,  which 
was  collected  and  dried  on  a  porous  plate  in  a  vacuum  desiccator. 
In  a  series  of  experiments  under  varying  conditions,  the  weight  of 
solid  product  amounted  to  only  about  a  tenth  of  the  weight  of 
ester  used.  For  analysis,  the  substance  was  precipitated  by  adding 
petroleum  of  high  boiling  point  to  its  solution  in  benzene,  and  dried 
in  a  vacuum : 

Found,  0  =  51-31;  H  =  4-71;   OMe  =  33-81. 
C8H304(OMe)3  requires  C  =  51-54;  H  =  4-73;  OMe  =  36-35  per  cent. 

The  low  result  found  for  methoxyl  is  probably  accounted  for  by 
the  incomplete  action  of  the  hydriodic  acid,  due  to  resinification  of 
the  substance.  The  composition  therefore  is  that  of  a  compound 
produced  by  the  condensation  of  2  molecules  of  methyl  methoxy- 
succinate  with  the  loss  of  3  molecules  of  methyl  alcohol. 

Action  of  Magnesium  Methyl  Iodide  on  Methyl  d-Dimethoxy- 

succinate. 

Twenty  grams  (1  mol.)  of  the  ester  in  ethereal  solution  were 
added  slowly  to  the  ice-cold  ethereal  solution  of  the  Grignard 
reagent,  prepared  from  10-5  grams  (4^  atoms)  of  magnesium  and 
62  grams  (4|^  mols.)  of  methyl  iodide.  The  product  was  boiled  for 
one  hour,  and  then  decomposed  in  the  usvial  manner.  The  crude 
product  was  crystallised  from  light  petroleum.  Nine  grams  of 
yS-dimethoxy-Pe-dimethylhexane-fie-diol,  melting  at  71°,  were 
obtained : 

Found,  C  =  58-43;  11  =  1066;  OMe  =  31-76. 
C8Hi602(OMe)2  requires  0  =  58-19;  H  =  10-77 ;  OMe  =  30-09  percent. 

It  crystallises  in  needles,  and  is  very  slightly  soluble  in  water, 
soluble  in  alcohol,  ether,  or  benzene,  less  so  in  light  petroleum.  In 
methyl-alcoholic  solution,  [a]-^'  —309°,  c  =  3-5244;  and  in  acetone 
solution,  -41-96°,  c  =  5-0884. 

Attempts  to  acylate  and  to  raethylate  the  compound  were  not 
successful.     Benzoyl  chloride  had  no  action  on  it,  whether  applied 
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by  the  Schotten-Baumann  method,  or  by  heating  in  ethereal  solution 
in  the  presence  of  dry  sodium  carbonate.  The  process  of 
methylation  by  means  of  dry  silver  oxide  and  methyl  iodide,  carried 
out  in  the  usual  manner,  vrith  a  large  excess  of  alkylating  agent, 
gave  a  liquid  distillate.  Estimations  of  methoxyl  in  different  frac- 
tions of  this  product  gave  39-3,  39'4,  and  40'9  per  cent.,  which 
seemed  to  show  that  one  of  the  hydroxyl  groups  of  the  glycol  had 
been  methylated,  the  figure  calculated  on  this  assumption  being 
42'3  per  cent.  In  view,  however,  of  the  very  indefinite  boiling 
point  of  the  liquid,  we  conclude  that  methylation  had  in  reality 
only  occurred  to  a  slight  extent,  and  that  the  increase  of  methoxyl 
content,  shown  by  the  figures  quoted,  was  mainly  due  to  the 
unmethylated  glycol  being  dehydrated  in  the  course  of  the 
distillation. 

Dehydrating  agents  having  failed  to  give  a  crystalline  anhydride, 
the  glycol  was  subjected  to  distillation  under  the  ordinary  pressure. 
When  rapidly  heated,  the  compound  distilled  largely  unchanged, 
but  when  heated  slowly,  water  was  given  off,  and,  after  repeated 
distillations,  the  crystalline  matt-er  disappeared  and  a  colourless  oil 
of  camphor-like  odour  was  collected  (b.  p.  181 — 186°).  The  follow- 
ing analysis  agrees  with  the  supposition  that  the  oil  was  a  mixtiire 
of  an  anhydride,  produced  by  the  loss  of  1  molecule  of  water,  with 
about  19  per  cent,  of  unaltered  glycoL 

Found,  C  =  62-74;  H  =  10-70. 

C10H20O3  requires  0  =  6376;  H  =  10-73. 

The  composition  of  the  mixture  was  not  affected  by  further  distil- 
lation. An  acetone  solution  gave  [a]o  1335°,  c  =  4-495.  The 
anhydride  therefore,  in  contradistinction  to  the  parent  glycol,  is 
dextrorotatory.  On  heating  the  acetone  solution  with  an  equal  bulk 
of  water  in  a  sealed  tube  at  105°,  the  rotatory  power  underwent  no 
change,  and  the  anhydride  therefore,  as  was  to  be  expected,  is  not 
readily  reconverted  into  the  glycol. 

Action  of  Magnesium  Phenyl  Bromide  on  Methyl  d-Dimethoxy- 
succinate:  Preparation  of  3:  ^-Dimethoxy-2:  2:5:  5-tetra- 
phenyltetrahydrofuran. 

When  the  ester  (1  mol.)  dissolved  in  ether  was  added  to  an 
ethereal  solution  of  the  Grignard  reagent  (4  mols.),  and  the  mixture, 
after  being  heated  for  some  time,  was  treated  as  usual  with  dilute 
sulphuric  acid,  no  crystalline  substance  was  isolated  from  the 
product.  In  the  following  experiment,  other  conditions  being  the 
same,  the  proportion  of  the  Grignard  reagent  was  increased  to 
6  molecules,  and  the  mixture  was  kept  overnight  without  heating. 
On  mixing  the  ethereal  solutions,  a  considerable  action  took  place, 
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and  two  layers  were  formed.  The  product  having  been  treated  in 
the  usual  manner,  the  separated  ethereal  layer  gave,  on  evaporation, 
a  syrup,  which  crystallised  immediately.  The  crystalline  matter, 
freed  from  adhering  oil  by  draining  on  a  porous  plate  and  washing 
with  cold  methyl  alcohol,  amounted  to  16  grams.  The  substance 
crystallised  from  ethyl  alcohol  in  beautiful  iridescent  leaflets,  but 
the  indefinite  melting  point  of  the  recrystallised  material,  162 — 180°, 
showed  that  it  was  impure.  By  further  recrystallisation  from 
petroleum  of  high  boiling  point,  the  melting  point  was  raised  to 
184—186°: 

Found,  C- 82-79;  H=:6-65. 

C30H28O3  requires  C  =  82'51;  H  =  6'33  per  cent. 

Finally,  by  dissolving  in  benzene  and  adding  ether,  a  crop  cf 
crystals  (8  grams)  was  deposited  in  flat  prisms.  When  these  were 
heated  at  120 — 130°,  they  became  powdery,  probably  from  escape  of 
adhering  solvent,  and  then  melted  sharply  at  184 — 185°.*  (Found, 
C  =  82*06;  H  =  6'63.)  On  distilling  in  a  current  of  steam,  no 
diphenyl  could  be  detected. 

The  substance  was  saturated,  as  it  was  not  attacked  after  remain- 
ing twelve  hours  in  a  carbon  disulphide  solution  of  bromine. 

In  attempting  to  estimate  methoxyl  in  the  usual  way,  no  action 
was  perceptible,  and  after  the  process  the  substance  was  recovered 
unchanged.  Even  in  the  presence  of  acetic  anhydride  resinification 
occurred,  and  the  action  of  the  hydriodic  acid  was  very  incomplete. 
By  heating  the  substance  with  a  mixture  of  acetic  anhydride  and 
hydriodic  acid  in  a  sealed  tube  at  200°,  and  completing  the  analysis 
in  the  usual  apparatus  according  to  Zeisel's  method,  a  result 
approximating  to  the  calculated  figure  was  obtained  : 

Found,  OMe  =  12-87. 

C28H220(OMe)2  requires  OMe  =  14-22  per  cent. 

The  compound  is  insoluble  in  water  and  in  aqueous  alkali, 
moderately  soluble  in  hot  alcohol,  more  so  in  acetone  and  in  warm 
light  petroleum,  and  very  soluble  in  chloroform  or  benzene.  In 
benzene  solution,  [a]f?'   -115-7°,   c  =  8-272. 

We  wish  to  thank  Miss  M.  A.  Dunbar  for  assistance  given  in  part 
of  the  experimental  work. 
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United  Colleob  of  St.  Salvator  and  St.  Leonard, 
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•  From  fiirtlier  experiments,  we  liave  reason  to  believe  that  the  true  melting  point 
is  considerably  higher  than  is  recorded,  and  that  the  cnidc  product  (m.  p.  162 — 180") 
contaiued  a  compound  of  lower  melting  point,  which  was  not  isolated. 
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CXLII. — Action    of     Grignard     Reagents  on     Methyl 

\-Methoxy succinate,    Methyl    Maleate,  and    Maleic 
Anhydride. 

By  Thomas  Purdie,  F.R.S.,  and  Paul  Seidelin  Arup,  B.Sc, 

It  has  been  shown  in  the  preceding  paper  that  magnesium  methyl 
iodide  and  magnesium  phenyl  bromide  act  on  methyl  <^-dimethoxy- 
succinate  in  the  same  manner  as  on  unsubstituted  succinic  esters. 
Magnesium  methyl  iodide  gives  yS-dimethoxy-jSe-dimethylhexane- 
iSe-diol,  and  the  phenyl  bromide  yields  3 :  4-dimethoxy-2 :  2  :  5:5- 
tetraphenyltetrahydrofuran.  The  etheric  methoxyl  groups  are  not 
attacked  in  either  case,  and  the  products  are  therefore  optically 
active. 

We  find  that  the  action  of  magnesium  methyl  iodide  on  methyl 
?-methoxysuccinate  is  similar  to  that  of  the  same  reagent  on  the 
dimethoxy-ester,  the  product  being  optically  active  y-methoxy-jSe-di- 
methylhexane-)3€-diol,  HO-CMeo-CH(OMe)-CHo-CMe2-OH.  The 
glycol,  however,  could  not  be  obtained  in  the  pure  state.  The 
product,  being  a  liquid,  was  isolated  by  distillation  in  a  vacuum, 
and  this  caused  partial  dehydration.  By  distillation  under 
atmospheric  pressure,  complete  dehydration  was  effected,  and  the 
final  product  obtained  was  the  oxide  of  the  glycol  (a  furan 
derivative),  or  possibly  an  isomeric  unsaturated  alcohol.  In  acetone 
solution,  the  compound  gave  [ajp  -f  44'9°.  Calculating  the  rotatory 
power  of  the  glycol  in  acetone  solution  from  that  of  a  mixture  with 
the  anhydride,  the  approximate  composition  of  which  was  deter- 
mined by  the  results  of  analysis,  the  value  should  be  about 
[ojo  +  35°.  The  initial  ester  being  laevorotatory,  the  conversion  of 
ester  into  glycol  results  in  a  change  of  sign  of  rotation.  This  is 
also  the  case  in  the  production  of  the  corresponding  dimethoxy- 
glycol  from  the  dimethoxy-ester  (see  the  preceding  paper).  But 
whilst  the  conversion  of  the  latter  glycol  into  its  oxide  brings  about 
a  second  reversal  of  the  sign,  in  the  dehydration  of  the  mono- 
methoxy-glycol  the  sign  remains  the  same.  This  difference  is  not 
in  agreement  with  the  usual  optical  effect  of  ring  formation,  and 
suggests  that  the  dehydration  referred  to  above  proceeds  on  different 
lines,  giving  possibly  an  unsaturated  alcohol. 

The  action  of  magnesium  phenyl  bromide  on  methvl  /-methoxy- 
succinate  proved  to  be  more  complex  than  that  of  magnesium 
methyl  iodide.  Two  crystalline  compounds  were  isolated  from  the 
product  of  the  reaction,  having  respectively  the  composition 
CjsaHaO  (m.  p.  190—191°)  and  CjgHisOo  (m.  p.  160—161°),  but 
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neither  contained  methoxyl,  and  both  were  optically  inactive.     The 
former   substance   was    found  to  be    2:2:5:  5-tetraphenyl-2 : 5-di- 

CH  'CPh  -^ 
hydrofuran,   n      riv>u^'^^'  ^^'^  ^^®  latter  a  triphenylbutyrolactone. 

The  unsaturated  character  of  the  dihydrofuran  derivative  was 
exhibited  in  its  behaviour  towards  bromine,  with  which  it  readily 
combined,  and  by  its  rapidly  decolorising  cold  alkaline  per- 
manganate solution.  The  constitution  was  deduced  from  the 
following  observations.  Oxidation  by  boiling  dilute  alkaline  per- 
manganate solutions  gave  benzophenone.  Distillation  with  zinc 
dust,  according  to  Baeyer's  process,  gave  a  hydrocarbon,  C2gH2o 
(m.  p.  157 — 158°),  and  reduction  of  this  with  sodium  and  amyl 
alcohol  gave  the  aa55-tetraphenylbutane,  CHPho'CHo'CHo'CHPho, 
which  Valeur  (Bull.  Soc.  chim.,  1903,  [iii],  29,  683)  obtained 
similarly  from  tetraphenylbutadiene,  CPhoICH'CHICPho.  The 
hydrocarbon  C28H20  agrees  in  melting  point  and  composition  with  a 
hydrocarbon  obtained  by  Buttenberg  (Annalen,  1894,  279,  329) 
from  the  action  of  concentrated  sulphuric  acid  on  /SjS-diphenylvinyl 
ether,  CPhg'CH'OEt,  and  the  substances  are  presumably  identical. 
The  only  formula  for  the  hydrocarbon,  consistent  with  the  result 
of  its  reduction,  as  given  above,  with  the  molecular  weight  found 
by  us,  and  with  Buttenberg's  method  of  preparation,  appears  to  be 
CPhoICICrCPho. 

The  constitution  of  the  dihydrofuran  derivative  suggested  that 
the  disappearance  of  the  methoxyl  group  was  due  to  the  abstraction 
of  a  molecule  of  methyl  alcohol  from  the  monomethoxysuccinate 
with  the  production  of  a  maleic  or  fumaric  ester  or  other  derivative, 
which  was  then  further  acted  on  by  the  Grignard  reagent.  We 
accordingly  examined  the  action  of  magnesium  phenyl  bromide  on 
methyl  fumarate  and  maleate  and  on  maleic  anhydride. 

Methyl  fumarate  gave  an  uncrystallisable  syrup,  the  examination 
of  which  yielded  no  definite  result.  Methyl  maleate,  however,  gave 
the  same  tetraphenyldihydrofuran  which  has  been  already  described. 
The  reaction  is  of  a  normal  kind,  and  may  be  thus  represented : 
COoMe-CHICH-COaMe  — >  BrMgO-CPh2-CH:CH-CPh2-OMgBr 
_^  CH-CPh,^^ 
CH-CPhg 

It  appears  therefore  that  in  the  case  of  methyl  methoxysuccinate, 
methyl  alcohol  is  split  off  from  the  ester  at  the  outset,  or  at  an 
early  stage,  of  the  Grignard  reaction,  which  otherwise  follows  the 
normal  course.  The  second  product  of  the  action  of  magnesium 
phenyl  bromide  on  methyl  methoxysuccinate  has  been  already 
referred  to  as  triphenylbutyrolactone  (m.  p.  160 — 161°);  we  assign 
a  lactoaic  structure   to  the  compound   on   the  following  grounds, 
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The  substance  showed  neither  alcoholic  nor  ketonic  properties,  and 
it  behaved  as  a  saturated  compound.  It  dissolved  sparingly,  and 
only  on  prolonged  boiling,  in  aqueous  potassium  hydroxide  and 
ammonia  solutions.  It  was,  however,  converted  by  boiling  alcohoKc 
potash  into  a  potassium  salt,  which,  after  removal  of  the  alcohol, 
dissolved  completely  in  water.  The  aqueous  solution  of  the  salt 
gave  with  mineral  acids  a  white,  flocculent  precipitate,  which  was 
soluble  with  effervescence  in  cold  sodium  carbonate  solution,  and 
was  doubtless  hydroxytriphenylbutyric  acid.  The  precipitated 
acid,  after  being  dried  at  90°,  melted  at  140 — 145°,  and  still 
decomposed  warm  sodium  carbonate  solution,  but  after  being  heated 
for  an  hour  at  130°,  it  was  no  longer  soluble  in  sodium  carbonate, 
and  then  showed  the  melting  point  of  the  original  substance,  160°. 

With  respect  to  the  position  of  the  three  p*henyl  groups,  we  regard 
the  compound  provisionally  as  )3yy-triphen\'lbutyrolactone,  for  the 
following  reasons.  As  the  substance  gives  benzophenone  on 
oxidation,  two  of  the  phenyl  groups  must  be  attached  to  the  same 
carbon  atom,  and  without  assumption  of  improbable  transposition, 
this  can  only  be  the  y-carbon  atom.  The  phenyl  groups  must 
therefore  be  in  the  a-yy-or  )3yy-positions.  The  former  constitution 
implies   a  transposition  of   the  following  kind : 

1 1  -  — >■  I     '         -  >0 , 

CH-CO-Ph  CHPh-CO 

which  is  certainly  not  improbable.  A  )8yy-lactone,  however,  might 
result  normally  from  the  Grignard  reaction  according  to  the  follow- 
ing scheme: 

CH(OMe)-CO,Me  CH-CPhg-OMgBr  CHPh-CPho'OMgBr 

CH./CO.Me  "^    CH-COoMe  ~^    CH:C(OMg'Bi)-OMe 

^     CHPh-CPbjV^Q    _^     CHPh-CPh,v^ 
CH=C(OH)  CH2 CO 

The  addition  of  the  Grignard  reagent  is  here  supposed  to  take 
effect  in  the  1 :  4-position,  which  Kohler  has  found  to  be  a  common 
mode  of  action  with  unsaturated  ketones  and  esters  (.l/wcr.  Chem.  J., 
1904,  31,  642,  etc.).*  We  failed  to  obtain  evidence  of  this  mode 
of  addition  in  the  case  of  methyl  maleate,  but  we  find,  on  the  other 
hand,  that  maleic  anhydride  reacts  with  magnesium  phenyl  bromide, 
probably  in  the  manner  in  question,  the  product  being  A.  Smith's 

If  direct  addition  of  the  Grignard  reagent  to  the  two  unsaturated  carbon  atoms 
occurs,  then  either  an  077-  or  377-hictone  might  be  formed.  The  action  is,  in  other 
re«j>ects  like  tliat  de8cri))ed  by  Shihata  in  the  case  of  the  phthalic  esters  (Trans., 
1»0»,  96,  144S»). 
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desylacetophenone  (Trans.,   1890,    57,    643).     The   action   may   be 
formulated  thus : 

CH-COn^q  _^  CHPh-CO-Ph       _^  CHPh-COPh  _^  CHPh-COPh 
CH-CO  CHICPh-OMgBr         CHICPh-OH  CHg-COPh    ' 

The  triphenylbutyrolactone  (m.  p.  160 — 161°)  sublimes  unchanged 
when  heated  alone  under  diminished  pressure,  but  when  heated 
with  mineral  acids  it  is  converted  nearly  quantitatively  into 
an  isomeric  lactone,  melting  at  197°.  The  latter  substance 
resembled  the  former  in  giving  benzophenone  on  oxidation, 
in  its  behaviour  as  a  saturated  compound,  and  in  its  insolubility 
in  cold  alkali  hydroxide  solutions.  It  dissolved,  however, 
much  more  readily  than  the  former  lactone  in  boiling 
aqueous  potassium  hydroxide  and  ammonia  solutions,  and 
the  acid  which  was  precipitated  on  acidification — presumably  a 
triphenylhydroxybutyric  acid — lost  its  solubility  in  sodium  car- 
bonate, and  regained  the  original  melting  point,  197°,  on  being 
simply  dried  in  a  vacuum  without  heating.  The  solution  of  the 
potassium  salt  coagulated  to  a  jelly  on  cooling,  which  redissolved 
on  sufficient  water  being  added.  A  silver  salt  of  the  corresponding 
hydroxy-acid  was  precipitated  on  adding  silver  nitrate  to  an 
ammonia  solution  of  the  lactone  after  the  excess  of  ammonia  had 
been  boiled  off.  After  being  dried  at  100°,  it  gave  Ag  =  24"87; 
C22Hi903Ag  requires  Ag  =  24"59  per  cent.  The  production  of  the 
lactone  just  described  might  be  accounted  for  by  the  migration  of 
a  phenyl  group,  but  we  refrain  from  discussing  the  nature  of  the 
isomeric  change  until  the  two  lactones  and  the  acids  derivable  from 
them  have  been  further  examined. 

Experimental. 

The  methyl  ^-methoxysuccinate  used  in  the  following  experiments 
was  obtained  by  methylating  methyl  malate  by  means  of  dry  silver 
oxide  and  methyl  iodide. 

The  boiling  point  of  the  liquid  ester  was  135°/42  mm.,  and  it  gave 

ta]'J  -54-2°. 

Action  of  Magnesium  MetJiyl  Iodide  on  Methyl  X-Methoxy succinate. 

Preliminary  experiments  showed  that  the  product  of  the  action 
Wcis  an  uncrystallisable  oil.  Using  four  molecular  proportions  of 
the  Grignard  reagent  to  one  of  the  ester,  the  carbon  content  of 
the  distilled  product  indicated  that  the  action  was  incomplete,  but 
with  excess  of  the  reagent,  a  liquid  of  lower  boiling  point  was 
obtained  having  approximately  the  composition  of  an  anhydride 
of  the  ditertiary  glycol,   which  was   expected  to   result  from   the 
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reaction.  In  the  following  experiment,  therefore,  an  excess  of  the 
Grignard  reagent  was  employed. 

Ten  grams  of  the  ester  (1  mol.),  dissolved  in  ether,  were  added 
slowly  to  an  ethereal  solution  of  magnesium  methyl  iodide,  prepared 
from  10  grams  (7'4  atoms)  of  magnesium.  After  the  brisk  reaction 
which  ensued  had  subsided,  the  mixture  was  heated  for  three  hours 
on  a  water-bath,  and  thereafter  decomposed  in  the  usual  way  with 
dilute  sulphuric  acid.  The  product  was  then  thoroughly  extracted 
with  ether.  The  dried  ethereal  solution  gave,  on  evaporation,  a 
brownish  oil,  which  was  distilled  under  diminished  pressure.  Some 
water  was  produced  during  the  distillation,  presumablv  from  decom- 
position of  the  glycol,  and  10  grams  of  a  colourless,  mobile  liquid, 
with  a  camphoraceous  odour,  were  collected  at  60 — 90°/ 90  mm. 
After  distilling  this  twice,  a  fraction  (b.  p.  63 — 64°/ 33  mm.), 
weighing  4*5  grams,  was  obtained,  which  gave,  in  acetone  solution, 
[a]^  +42-5°  (c  =  2-2336),  and  on  analysis  C  =  66-75,  H  =  11-36, 
OMe  =  19-3.  The  expected  ditertiary  glycol,  CsHi;02(0Me),  requires 
C  =  61-36,  H  =  11-36,  OMe  =  17-61  per  cent.;  its  anhydride, 
Ci8Hi50(OMe),  requires  C  =  68- 35,  H  =  ll-39,  OMe  =  19-62  per  cent. 

The  liquid  was  presumably  a  mixture  of  the  ditertiary  glycol  and 
its  oxide,  the  latter  having  been  produced  by  the  elimination  of 
water  in  the  course  of  the  distillation.  As  it  was  found  that  but 
little  increase  of  the  carbon  content  was  brought  about  by  further 
distillation  under  diminished  pressure,  the  liquid  was  now  distilled 
under  the  atmospheric  pressure.  A  fraction  collected  after  two 
distillations  (b.  p.  150—151°)  gave  C  =  67-88,  H  =  ll-39,  OMe  =  19-17. 

The  substance  is  therefore  a  dehydration  product  of  the  glycol, 
■y-raethoxy-jSe-dimethylhexane-iSe-diol.  A  cryoscopic  determination 
of  the  molecular  weight  in  benzene  solution  gave  152;  CgHi5'0(0Me) 
requires  158.  The  specific  rotation  in  acetone  solution  was 
[a]r  44-9°,  c  =  3-9185,/ =  2. 

Action  of  Magnesium  Phenyl  Bromide  on  Methyl  \-Methoxy- 

succinate. 

The  conditions  observed  in  the  following  experiment  were  found 
to  be  the  most  advantageous  in  respect  of  the  yield  of  crystalline 
product.  Thirty  grams  of  the  ester  (1  mol.)  in  ethereal  solution 
were  added  slowly  to  an  ethereal  solution  of  the  Grignard  reagent 
prepared  from  33  grams  of  magnesium  (8  atoms)  and  215  grams 
of  bromobenzene  (8  mols.)  A  vigorous  reaction  occurred.  After 
remaining  twelve  hours  at  the  ordinary  temperature,  the  mixture 
was  treated  with  ice-cold  dilute  sulphuric  acid  in  the  usual  manner. 
On  evaporating  the  ethereal  layer,  successive  crops  of  crystals  were 
deposited,  in  all  44  grams,  which  were  found  to  consist  of  two 
VOL.  XCVIL  r,    I 
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substances  melting  at  190 — 191°  and  160 — 161°  respectively.  The 
separation  of  these  was  effected  by  dissolving  each  of  the  crops  in 
benzene  and  adding  one  and  a-half  times  as  much  ether  to  each 
solution.  This  treatment  precipitated  the  much  less  soluble  com- 
pound of  higher  melting  point,  and,  on  concentrating  the  mother 
liquors,  the  compound  melting  at  the  lower  temperature  was 
deposited.  By  systematic  repetition  of  the  process,  7'5  grams  of 
each  substance  were  obtained  nearly  pure;  the  remaining  material 
consisted  mostly  of  the  compound  (m.  p.  160 — 161°),  which  was 
the  main  crystalline  product  of  the  reaction. 

As  already  stated,  the  compound  melting  at  190 — 191°  is 
2 :  2 :  5  :  5-tetraphenyl-2 :  5-dihydrofuran,  and  the  compound  melt- 
ing at  160 — 161°  a  triphenylbutyrolactone. 

2  :  ^  :  5  :  b-Tetra'phenyl-2  :  b-dihydrofuran  crystallises  from  a  mix- 
ture of  benzene  and  ether  in  fine  needles.  It  is  moderately  soluble 
in  cold  benzene,  sparingly  so  in  cold  alcohol,  acetone,  or  petroleum 
of  high  boiling  point,  but  fairly  soluble  in  the  hot  solvents,  and 
almost  insoluble  in  boiling  ether.  It  crystallises  unchanged  from 
hot  glacial  acetic  acid : 

Found,  C  =  89-56;  H  =  6-00. 

C28H22O  requires  C  =  89-84;  H  =  5-88  per  cent. 

The  following  observations  are  in  accord  with  the  constitution 
assigned  to  the  compound.  A  6  per  cent,  solution  in  benzene  at 
40°  was  optically  inactive.  On  applying  Zeisel's  process  for 
estimating  methoxyl  to  a  solution  of  the  substance  in  acetic 
anhydride,  no  silver  iodide  was  formed,  even  when  the  temperature 
was  raised  to  130°.  An  alcoholic  solution  of  the  compound  reduced 
alkaline  permanganate  instantly  in  the  cold.  On  adding  bromine 
(2  atoms)  in  carbon  disulphide  solution  to  the  compound  (1  mol.) 
in  the  same  solvent,  an  additive  compound  was  evidently  Tormed, 
as  the  colour  of  the  bromine  disappeared  quickly  in  the  dark,  and 
a  crop  of  yellow,  acicular  crystals  was  deposited.  On  attempting 
to  recrystallise  the  substance,  however,  decomposition  occurred  with 
liberation  of  hydrogen  bromide,  and  estimation  of  bromine  in^ 
different  preparations  gave  varying  figures  approximating  to  thost 
required  for  a  monobromo-derivative. 

Oxidation  of  the  furan  derivative  with  a  boiling  dilute  alkaline 
solution  of  potassium  permanganate  gave  benzophenone.  The 
product  was  isolated  by  distillation  in  a  current  of  steam,  and  was 
identified  by  its  melting  point  (48°),  and  by  that  of  the  phenyl^ 
hydrazone  prepared  from  it  (136°). 

The  reduction  of  the  compound  was  effected  by  distilling  95  grama 
■with  zinc  dust  in  a  current  of  hydrogen  at  a  temperature  con-J 
siderably  below  a  red  heat.     The  distillate  solidified,  on  cooling,  t( 
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an  amber-coloured  glass,  which  was  deposited  in  a  crystalline  state 
from  a  solution  in  a  mixture  of  ethyl  alcohol  and  ether.  After 
three  crystallisations  from  this  medium,  2"4  grams  of  colourless, 
rectangular  plates  were  obtained,  melting  at  157 — 158°.  The  sub- 
stance was  sparingly  soluble  in  alcohol,  readily  so  in  ether,  benzene, 
or  chloroform,  and  decolorised  cold  alkaline  permanganate  instantly : 

Found,  (I)  C  =  93-85;  H  =  o-80.     (II)  C  =  94-17;  H  =  5-94. 
CogHjo  requires  C  =  94"38;  H  =  5'62  per  cent. 

The  molecular  weight  in  chloroform  solution,  determined  by  the 
ebullioscopic  method,  was  364.     C28H20  requires  356. 

One  gram  of  the  hydrocarbon  was  dissolved  in  50  c.c.  of  boiling 
amyl  alcohol,  and  10  grams  of  sodium  were  added  in  small  pieces. 
The  hot  solution  was  then  poured  into  a  mixture  of  400  c.c.  of 
water  and  7  grams  of  glacial  acetic  acid.  The  alcoholic  layer, 
evaporated  under  diminished  pressure  to  half  its  bulk,  gave  0"4  gram 
of  crystalline,  rectangular  plates,  which,  after  being  recrystallised 
from  ethyl  alcohol,  melted  at  121°.  The  substance  resembled 
stilbene,  but  it  was  found  that  admixture  with  pure  stilbene  caused 
a  considerable  lowering  of  the  melting  point,  and,  moreover,  it 
decolorised  cold  dilute  alkaline  permanganate  only  after  some  time. 
(Found,  C  =  92-47;  H  =  6-93.  Calc,  0  =  9282;  H  =  7-18  per  cent.) 
This  hydrocarbon,  as  already  stated,  is  aa55-tetraphenylbutane. 

Trifhenylhutyrolactone  (m.  p.  160 — 161°),  which  was  isolated,  as 
already  described,  from  the  crude  product  of  the  action  of  the 
Grignard  reagent,  crystallises  in  microscopic  needles.  It  is  readily 
soluble  in  cold  acetone  or  chloroform,  moderately  so  in  cold  ether, 
sparingly  so  in  cold  alcohol  and  benzene,  but  fairly  soluble  in  the 
latter  solvents  when  hot.  At  200°/ 20  mm.  it  sublimes  unchanged 
in  beautiful  prisms : 

Found,  (I)  0  =  83-85;  H  =  601.     (II)  0  =  8391;  H  =  5-98. 
OgoHisOo  requires  0  =  84-08;  H  =  5-73  per   cent. 

The  molecular  weight  in  chloroform  solution,  determined  by  the 
ebullioscopic  method,  was  337.     Oo2ll,802  requires  314. 

The  compound  was  optically  inactive.  Only  a  trace  of  silver 
iodide  was  formed  when  2  grams  of  it  were  heated  with  hydriodic 
acid  for  one  and  a-half  hours  according  to  Zeisel's  process.  It  was 
not  affected  by  heating  with  an  alcoholic  solution  of  hydroxylaniine 
for  nine  hours  at  160°,  by  boiling  for  three  hours  with  acetyl 
chloride,  or  by  shaking  with  benzoyl  chloride  and  sodium  hydroxide 
solution.  In  each  case,  the  substance  was  recovered  unchanged  after 
the  treatment.  It  decolorised  an  alkaline  solution  of  potassium 
permanganate  in  the  cold  only  slowly,  and  it  was  recovered  unaltered 
lifter  being  twelve  hours  in  contact  with  bromine  in  carbon 
disulpbide  solution.      Oxidation    with  boiling  dilute  alkaline  per- 
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manganate  solution  gave  benzophenone,  which  was  identified  by 
conversion  into  the  oxime.  The  lactonic  behaviour  of  the  compound 
has  been  already  described. 

Action  of  Mineral  Acids  on  Triphenylbutyrolactone 
(m.  p.  160—161°). 

In  testing  for  methoxyl  by  Zeisel's  method  in  an  impure  fraction 
obtained  by  crystallising  the  crude  product  of  the  Grignard  reagent, 
2  grams  of  the  material,  melting  about  140°,  were  boiled  with 
hydriodic  acid  (D  1'7)  for  one  and  a-half  hours.  The  residual  solid 
from  this  treatment,  after  being  washed  with  water  and  a  little 
alcohol,  and  recrystallised  from  benzene,  weighed  1'6  grams,  and  now 
melted  at  192 — 196°.  Similar  treatment  of  the  pure  triphenyl- 
lactone  (m.  p.  160 — 161°)  showed  that  the  change  of  melting  point 
was  due  to  the  apparently  quantitative  conversion  of  this  compound 
into  an  isomeric  lactone,  melting  at  197°.  The  same  change 
occurred  when  the  lactone  of  lower  melting  point  was  heated  with 
concentrated  hydrochloric  acid  in  a  sealed  tube,  or  with  sulphuric 
acid  (70  per  cent,  by  volume)  for  two  hours  at  140°. 

Tiijihenylhutyrolactone  (m.  p.  197°)  crystallises  from  chloroform 
or  benzene  in  well-defined,  prismatic  needles.  It  is  insoluble  in 
water,  moderately  soluble  in  cold  ether  and  acetone  and  in  hot 
benzene,  readily  so  in  hot  chloroform,  but  sparingly  soluble  in  the 
two  latter  solvents  or  alcohol  when  cold.  The  compound  proved 
to  be  optically  inactive : 

Found,  (I)  C  =  84-22;  H  =  5-89.     (II)  C- 84-10;  H  =  5-81. 
C22H18O2  requires  0  =  8408;   11  =  5-73  per  cent. 

By  oxidation  with  boiling  dilute  alkaline  permanganate  solution, 
1  gram  of  the  substance  gave  0-4  gram,  nearly  the  calculated  yield, 
of  benzophenone  (m.  p.  47 — 49°),  Baeyer's  permanganate  test 
showed  that  the  compound  was  saturated,  and  this  was  confirmed 
by  its  resistance  to  a  cold  solution  of  bromine  in  carbon  disulphide. 
After  being  in  the  bromine  solution  for  twelve  hours,  the  compound 
was  recovered  unchanged.  The  lactonic  properties  of  the  substance 
have  been  already  described  in  the  introduction. 

Action  of  Magnesium  Phenyl  Bromide  on  Methyl  Maleate. 

'  Methyl  maleato  was  prepared  by  the  interaction  of  methyl  iodide 
and  silver  maleate,  the  latter  being  obtained  from  maleic  anhydride. 
Twenty  grams  of  the  anhydride  gave  23  grams  of  the  ester  (b.  p. 
201—205°). 

Ten  grams  of  methyl  maleate  (1  mol.)  were  treated  with 
magnesium  phenyl  bromide  obtained  from  G-7  grams  of  magnesium 
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(4  atoms)  and  44  grams  of  bromobenzene  (4  mols.).  The  procedure 
was  the  same  as  in  the  previous  cases.  After  the  spontaneous 
vigorous  action  had  subsided,  the  mixture  was  heated  for  an  hour 
on  the  water-bath,  and  then  treated  in  the  usual  manner.  The 
ethereal  layer,  on  evaporation,  left  a  syrup  which  deposited 
crystalline  matter  after  some  time.  The  syrup  having  been  removed 
by  stirring  the  product  with  a  little  ether,  2  grams  of  residual  solid 
were  collected  and  recrystallised  by  dissolving  it  in  benzene  and 
adding  ether.  By  repeating  the  process,  1"2  grams  of  pure  sub- 
stance were  obtained  in  fine,  colourless  needles,  which  melted  sharply 
at  190°.  The  solubilities  of  the  compound,  the  melting  point,  and 
the  results  of  analysis  showed  it  to  be  the  same  2  :  2  :  5  :  5-tetra- 
phenyl-2  :  5-dihydrofuran  already  described  as  one  of  the  products 
of  the  action  of  the  Grignard  reagent  on  methyl  methoxysuccinate. 
(Found,  C  =  89-41;  H  =  6-14.     Calc,  0  =  8984;  H=5-88  per  cent.) 

The  syrup  which  constituted  the  main  product  of  the  reaction 
was  distilled  under  diminished  pressure,  but  diphenyl  was  the  only 
crystalline  substance  found  in  it.  The  syrup  was  boiled  with 
hydriodic  acid  in  the  hope  that  the  lactone  (m.  p.  197°)  might  be 
produced,  but  without  result. 

Action  of  Magnesium  Phenyl  Bromide  on  Maleic  Anhydride. 

The  method  pursued  was  the  same  as  in  the  action  with  methyl 
maleate.  The  materials  were  10  grams  of  maleic  anhydride  (1  mol.) 
and  magnesium  phenyl  bromide  prepared  from  11  grams  of 
magnesium  (45  atoms)  and  72  grams  of  bromobenzene  (4"5  mole- 
cules). The  reaction  was  vigorous,  and  was  moderated  by  cooling 
in  ice.  The  mixture  was  heated  for  an  hour  after  spontaneous 
action  had  ceased,  and  was  then  treated  in  the  usual  manner.  The 
oil,  left  on  evaporating  the  ethereal  extract,  soon  deposited 
crystalline  matter,  which  was  collected  and  washed  with  a  little 
alcohol.  The  total  isolated  product  consisted  of  10  grams  of  nearly 
pure  crystalline  substance,  and  about  an  equal  weight  of  un- 
crystallisable  oil.  The  crystals,  after  being  once  recrvstallised  from 
alcohol  containing  a  few  drops  of  acetic  acid  and  once  from  absolute 
alcohol,  melted  sharply  at  126—127°.  (Found,  0  =  84-16;  H  =  5-93. 
CgaHjgO,  requires  C  =  8408;  H  =  5-73  per  cent.) 

The  substance  was  therefore  isomeric  with  the  two  lactones  pre- 
viously described,  but  its  insolubility  in  potassium  hydroxide  solu- 
tion  on  long  boiling  showed  that  its  character  was  neither  acidic 
nor  lactonic.  It  proved  to  be  identical  with  A.  Smith's  desylaceto- 
phenone  (Trans.,  1890,  57,  643)  (a5-diketo-oi85-triphenylbutane), 
which  he  found  to  be  converted  into  2:4:  5-triphenylfuran  (m.  d. 
92°)  by  cold   concentrated  sulphuric  acid.     On   following    Smith's 
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directions,  we  obtained  from  our  product  by  the  action  of  sulphuric 
acid  a  crop  of  acicular  crystals  which  melted  at  92°,  and  otherwise 
resembled  the  furan  derivative  referred  to.  The  identity  was  con- 
firmed by  analysis.  (Found,  C  =  88-85;  H  =  5-62.  Calc,  C  =  89-19; 
H  =  5'41  per  cent.) 
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CXLIII. — The  Absorption  Spectra  of  Aniline  and  its 
Homologues  as  Vapours,  as  Liquids,  and  in 
Solution. 

By  John  Edward   Purvis. 

The  aim  of  this  communication  is  to  give  an  account  of  a  com- 
parative study  of  the  absorption  spectra  of  aniline  and  its  liquid 
homologues,  in  the  state  of  vapours,  liquids,  and  in  solution,  in 
order  to  ascertain,  under  these  conditions,  (1)  the  nature  of  the 
influence  on  the  absorption  of  the  radiant  energy,  and  (2)  how 
far  the  replacement  of  the  hydrogen  atoms  by  simple  groups  in  the 
nucleus,  or  in  the  side-chain,  affects  the  extent  and  type  of  the 
absorption  bands. 

The  substances  examined  were  aniline,  mono-  and  di-methyl- 
aniline,  mono-  and  di-ethylaniline,  o-  and  7M-toluidine,  o-3-xylidine, 
?/i-2-xylidine,  mesidine,  and  benzylamine.  The  substances  were 
distilled  several  times  before  use. 

Experimental. 
Vapours. 

The  absorption  spectrum  of  the  vapour  of  aniline  in  a  tube 
1-dcm.  long,  and  at  35°,  has  been  studied  by  Pauer  (Wied.  Ann., 
1897,  61,  374),  who  measured  the  positions  of  sixteen  absorption 
bands,  employing  the  radiant  energy  of  the  Cd  spark.  More 
recently.  Grebe  (^Diss.,  Bonn,  1905;  and  Zeitsch.  wiss.  Fhotochem., 
1905,  3,  363)  studied  the  vapour  of  aniline  at  25 — 30°,  and  used 
the  continuous  spectrum  obtained  when  a  powerful  spark  was 
passed  between  aluminium  poles  immersed  in  water.  He  noted  the 
presence,  and  measured  the  positions  of  twenty-eight  bands. 
Neither  of  these  observers,  however,  investigated  the  effect  of 
varying  the  temperature  and  pressure. 

The  author  has  already  given  an  account  of  the  absorption 
spectra  of  the  vapours  of  pyridine  and  some  of  its  derivatives  (this 
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vol.,  pp.  692  and  1035),  and  the  apparatus  used  in  this  investigation 
is  described  in  the  first  cited  paper.  Each  band  was  separately 
measured  at  the  different  temperatures  and  pressures,  and  on  the 
more  refrangible  edge. 

Aniline. 

Table  I. 

The  absorption  bands  in  aniline  vapour  at  various  temperatures 
and  pressures  in  a  column  2-dcm.  long.  Barometric  pressure  = 
763  mm. 

Abbreviations:  w.  =weak;  mod.  str.  =  moderately  strong; 
str.  =  strong ;  v.w.  =  very  weak ;  r.w.  =  rather  wide ;  narr.  =  narrow ; 
mod.  w.  =  moderately  weak;  v.  str.  =  very  strong.  The  brackets  of 
the  wave-lengths  represent  the  measurements  of  similar  related 
bands;  they  are  not  measurements  of  the  width  of  the  bands. 


14". 
763  mm. 
A. 

2978     w. 

2977      w. 

2975 '5  w. 

2973  w. 
/  2969-5  w. 
\  2966 -5  mod.  str. 

2964      w. 

2961 -5  mo<1.8tr. 

2958         ,, 
/  2953-5  w. 
t  2951     w. 
/  2949     w. 
\  2945     mod.  str. 
/  2942 -5  str. 
\  2940     wider  and 

stronger  than  2942  '5 

2935     mod.str. 
r2931     v.w.  ^  „ 

J  2928  v.w.  rq;^"y 

12923-5  v.w.  J    ''^^""g 

2921-5  v.w. 
f29l9     mod.str. 
1 2914     str. 

2912-5  v.w. 

2909     v.w. 

2907     v.w. 

2901     mod.  str. 

2897-6  str. 

2894     v.w. 

2891-5  w. 

!2879     v.w. 
2877     v.w. 
2875     v.w. 
2874     v.w. 
f2871     v.w. 
\2870     v.w. 
(2868     w.,  wide 
\2860     w.,  wide 
I  2M4     w.,  narr. 
\2862     w.,narr. 


/29 
t-2S 


30°. 
807  mm. 
A. 

2978     mod.w. 

2977     w. 

2974-5  mod.str. 

2973     mod.w. 

2970-5  mod.str. 

•2967 

2964     w.,  r.w. 

2962     mod.str. 

2959 
/ 2954-5  w.,  r.w. 
12951-5  w.,  r.w. 
/  2950  5  mod. str.,  narr. 
1  2946  „ 

/2943     v.str. 
\  2940     wider  and 
stronger  than  2943 

2934     mod.str. 

2930     w. 

2927-5  w. 

2924      w. 

2921-5  w.,  narr. 
/  2918     str. 
12913-5  wider  and 
stronger  than  29 IS 

2912-5  v.w. 

2910     w.,  wide 

2907     w.,  narrower 
than  2910 

2900     mod.str.,  narr. 

2897     str. 

2894     v.w. 

2891     mod.str.,  narr. 
/  2878-5  w.,  narr. 
1  2877-5 
/2876 
t  2875 

i2872 
2871 
2868     w.,  wide 
2866  „ 


45°. 
833  mm. 


r-2s 

j-2S 


A. 

2981 
2978 
2977 
2975 
2973 


w.,  narr. 

raod.atr.,  narr. 

w. 

str.,  narr. 

mod.str. 
2970  5  mod.str.,  wider 

than  2973 
2966-5  mod.  str. 
2963 
2962 

2958-5        „        narr. 
/  2954-5  w.,  wide 
12951 

{2949     mod.str.,  narr. 
2946 
/  2942-5  str.,  wide 
I  2939       „       „ 
2934     str.,  narr. 

{2931     w.,  wide 
2928-5 
2924-5 

2921*5  w.,  narr. 
/  2918  str.,  wide 
12913-5    „        „ 

2912     v.w. 

2909-5  w.,  narr. 

2906     w.,  widf 

2900 

2897     V.W.,  wide 

2893      w. 

2891  motl.str.,  wide 
/  2878-6  v.w. 
12877-5  v.w. 
/2876  v.w. 
1 2875  v.w. 
/  2872  v.w. 
\2871     v.w. 

General  absorption  began 
about  A  2850. 

36  banda. 
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14°. 
763  mm, 
\. 
2859 '5  str.,  wide 
2857     mod.str. 
(2856     Av.,  narr. 
t  2853-5  v.w. 
?  2851 '5  v.\v.,iiarr. 
\  2848-5     „        „ 
12846        „        „ 
(2844        „        „ 
12841        „        „ 
I  2838        „        „ 
12836 
(2834-5  w. 
t  2832 


30°. 
807  mm. 


A. 

(2864 
t2862 


w.,  narr. 
w.,  stronger 
than  2864 
2859-5  str.,  wi.ie 
equal-      2857      mod.str. 
ly      (2856     \v\,  narr. 
strong  t  2854-5         ,, 

(  2851-5  v.w.,  narr. 
J  2849         „        „ 
12847         „        „ 
i  2844-5  v.w,,  f.wide 
12841-5     „ 
/  2838     w.,  narr. 


( 2830     mod.w.  ]         ,,      \  2836 
J  989,R  ..        (^equally     .  2834-5 

12832-5 


60°. 

863  ram. 

\. 

3005 

V.W.,  wide 

3000 

)>        i> 

2995 

w. ,  narr. 

2993 

V.  w.,  narr. 

2989 

jy           99 

2985 

mod.str.,  wide 

2978 

9}                         99 

2975 

99                         99 

stronger  than  2878 

2972 

mod.str.,  wide 

2970 

9  9                        19 

2966 

99                        99 

2962 

99                        9 

2958-5 

12826-5  ::  i«^-"g 

2821     head  of  wide 
band 
(2814-5  v.w. 
I  2810-5  v.w. 
1^2807     v.w.,  stronger 
than  other  two 

2804-5  mod.  str. 

2798-5  w, 
f  2794-5  w. 
(2791-5  w. 

2787     w.,  wide 

2782     w.,  wide 

2781     v.w, 

2779  v,w. 
(2770  v,w. 
t  2768-5  v.w. 
/2766  v.w, 
\  -2764-5  v.w, 

2759     v.w. 

2757-5  v.w. 


f  2830-5  r.w 

-!  2828        ,, 

(2826-5    ,, 

2821 


head  of  strong 
wide  baud 
w.,  narr. 

99 
99 

mod.str. 
w. ,  r.w. 


General  absorption  began 
at  about  \  2940  ;  the  Cd 
line  2948  was  just  visible. 

13  bands. 


2755 
2739 
2737 
2729 
2730 
27-26 
2725 
2722 


v.w. 

v.w. 

v.w. 

w. 

mod.str. 

v.w. 

v.w. 

v.w. 

2720-5  V.W.,  wide 
2717-5     „        „ 


General  absorption  began 
at  about  A.  2400  ;  Cd  lines 
2321,  2313,  2288,  2265, 
2194,  2144  were  just  vis- 
ible. 


83  bands. 


(2816 
-]  2812 
t 2808-5 

2805 

2799 
(2795 
t  2791 -5   „ 

2787 

2783 

2781  v.w. 

2778     v.w.,  narr.      , 
(2770-5  w.,  narr. 
12768-5 
(2766-5 
1  2765-5 

2759*5  mod, str.,  wide 

2757-5  w.,  nan-. 

2754     mod.str.,  narr. 

2744     V.W.,  narr. 

2743        „       „ 

2740     w.,  wide 

2737-5 

2729  mod.str. 

2730  stronger  than  2729 
2726-5  w.,  narr. 
2725 
2723 

2720-5  w.,  wide 
2717-5 


76°. 
893  mm. 

wide 


A. 
3005  w. 
3000 
2995 
2993 
2989 
2985 


General  absorption  began 
at  about  A  2980. 


6  bands. 


90°. 

923  mm. 

A. 

No    bands    and    general 
General  absorption  )»egan   absorption  begun  at  about 
at  about  A  2430.  A  3070. 

85  bands. 


The  absorption  spectrum  of  aniline  vapour  was  also  observed 
at  a  constant  temperature  of  17-5°  and  at  gradually  diminished 
pressures.     The  number  and  position  of  the  bands  were  the  same 
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as  those  observed  at  14°  and  763  mm.  pressure  in  the  above  table; 
but  they  became  sharper  and  weaker  as  the  pressure  decreased,  and 
the  position  of  general  absorption  was  shifted  towards  the  more 
refrangible  regions  of  the  spectrum.  For  example,  under  754  mm. 
pressure  the  general  absorption  began  at  about  A.  2400,  the  Cd  lines 
2329,  2321,  2313,  2288,  2265,  2194,  2144  were  very  weak;  under 
474  mm.  pressure  the  general  absorption  began  at  about  A.  2390, 
and  the  Cd  lines  beyond  were  stronger;  whilst  under  24  mm. 
pressure  the  general  absorption  began  at  about  .\  2370,  and  the 
Cd  lines  were  very  strong. 

The  bands  are  more  of  the  nature  of  strong  lines  than  of  what 
is  usually  understood  by  a  band;  and  the  width  of  many  of  them 
is  measurable  to  the  same  degree  and  in  the  same  sense  as  the 
images  of  many  of  the  bright  lines  in  emission  spectra.  They  are 
not  nearly  so  wide  as  an  Angstrom  unit,  and  the  width  of  some  of 
the  narrow  bands  is  not  measurable  at  all.  The  constitution  and 
appearance  of  the  bands  is  completely  different  from  those  of  the 
vapour  of  benzene  as  described  by  Hartley  (Phil.  Trans.,  1907,  A, 
208,  475).  Most  of  the  latter  appear  to  be  wide  bands,  sharp 
and  strong  on  the  more  refrangible  edge. 

The  results  prove  that  (1)  an  increase  in  the  temperature  and 
pressure  produces  a  strengthening  and  widening  of  the  bands,  and 
the  appearance  of  new  bands  on  the  less  refrangible  side;  (2)  a 
decrease  in  the  pressure,  the  temperature  remaining  constant, 
produces  a  weakening  and  narrowing  of  the  bands.  At  the  same 
time,  (3)  an  increase  in  the  temperature  and  pressure  produces  a 
shift  of  the  region  of  general  absorption  towards  the  red  end; 
whilst  (4)  a  decrease  in  the  pressure,  the  temperature  remaining 
constant,  produces  a  shift  in  the  opposite  direction. 

The  bands  observed  in  the  vapour  of  aniline  occur  chiefly  as  a 
series  of  doublets  and  triplets;  some  of  them  are  sharper  on  the 
more  refrangible  edge,  whilst  others  have  the  edges  equally  sharp ; 
some  of  the  doublets  appear  to  be  equally  strong,  and  some  of  them 
show  the  less  refrangible  of  the  two  not  quite  so  strong  as  the 
more  refrangible  one.  Of  the  triplets,  some  have  the  three  con- 
stituents equally  strong,  and  of  others  the  most  refrangible  con- 
stituent is  the  strongest.  In  addition  to  these  general  observations, 
an  attempt  has  been  made  to  arrange  the  bauds  in  a  definite  and 
regular  manner.  The  following  table  indicates  fairly  consistent 
differences  in  the  wave-lengths  of  the  majority  of  the  bands,  con- 
sidered as  a  whole : 
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3005 

2985 

35 

3000 

31 

2978 

2970 

33 

2995 

2954 

27 

2977 

30 

2967 

31 

2993 

33 

2951 

28 

2975 

2940 

32 

2964 

31 

2989 

2921 

32 

2949 

30 

2973 

33 

2935 

33 

2962 

30 

42 

2919 

35 

2945 

30 

2907 

34 

2931 

34 

2959 

2879 

42 

2914 

33 

2943 

2901 

34 

2928 

35 

19 

2977 

39 

2912 

34 

2870 

33 

2897 

34 

2924 

2860 

20 

2875 

38 

2909 

21 

2868 

31 

2894 

33 

24 

2857 

19 

2874 

38 

2849 

21 

2866 

30 

2891 

2836 

23 

2856 

20 

2871 

2847 

22 

2864 

29 

31 

2834 

24 

2854 

20 

2827 

26 

2844 

23 

2862 

2805 

35 

2832 

24 

2851 

45 

2821 

29 

2841 

24 

39 

2799 

37 

2830 

23 

2782 

40 

2815 

29 

2838 

2766 

34 

2795 

38 

2828 

43 

2781 

2812 

29 

41 

2765 

36 

2792 

2739 

44 

42 

2809 

2725 

43 

2759 

34 

2737 

2770 

40 

2730 

40 
2769 

43 
2726 

2722 

39 
2720 

2758 

41 

2717 

The  numbers  run  consecutively  from  left  to  right  and  diagonally, 
and  the  differences  are  differences  in  Angstrom  units  between 
successive  band  intervals. 

In  addition  to  the  regularity  observed  from  comparing  the  whole 

of  the  bands,  there  are  various  minor  groups  which  appear  to  be 

related.      Of    these,    the    following    are    a    series    of    well-marked 

doublets  whose  most  refrangible  constituent  is  the  strongest: 

2978-0.  2949\  2918  0.  2901. 

)3-5  >4  >4-5  >4 

2974-5/  2945/  2913-5/  2897/ 

or,  if  the  corresponding  members  of  each  group  are  arranged  in 

tabular  form,  the  following  differences  are  observed: 

2978.  2974-5. 

>29  >29-5 

2949/  2945  •0< 

>31  >31-5 

2918<  2913-5/ 

>17  >16-5 

2901/  2897-0/ 

The    following     are    a   series    of    narrow    doublets    of     similar 

appearance,  the  constituents  of  which  are  equally  strong: 

2879.  2875.  2871.  2838.  2834-5. 

>2  >1  >1  >2  >2 

2877/  2874/  2870/  2836/  2832-5/ 

The  bands  2830,  2828,  2826  are  equally  strong,  and  form  a  group 
by  themselves  with  a  constant  difference  of  about  2  units ;  and  the 
bands  2815,  2811,  2807  form  a  group  whose  most  refrangible  con- 
stituent is  the  strongest,  and  there  is  a  constant  difference  between 
them  of  about  4  units. 

Photographs  of  the  absorption  spectra,  in  the  2-dcm.  tube,  of  the 
vapour  of  the  following  substances  were  also  taken  under  varying 
degrees  of  temperature  and  pressure. 


60 

855 

75 

885 

90 

915 

100 

931 

■iO 

865 

75 

895 

90 

925 

100 

941 
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Monomethylaniline. 

Pressure 
f.      in  mm. 

14"       755        The  rays  were  transmitted  to  about  x  2500  and  then  absorbed  ;  of 
the  Cd  lines,  2321,  2313,  2288,  2265,  2194,  2144   were  just 
visible 
30        799        The  rays  were  transmitted  to  about  A  2750  and  then  absorbed  ; 

the  Cd  line  2573  was  just  \-isible. 
45        825        The  rays  were  transmitted  to  about  X  3050,  and  then  all  the  rays 
beyond  were  absorbed. 
The  rays  were  transmitted  to  about  \  2990  and  then  absorbed. 
The  rays  were  absorbed  from  about  A.  3130. 

A3150. 
A  3165. 

Dimethi/laniline. 

12  "5     765        The  rays  were  absorbed  from  about  A  2500,  but  the  strong  Cd 

lines  2321  to  2144  were  just  visible. 
30        805        The  rays  were  absorbed  from  about  A  2750,  but  the  Cd  line  2573 

was  visible. 
45        835        The  rays  were  absorbed  from  about  A  3020,  although  the  Cd  line 
2981  was  visible. 
The  rays  were  absorbed  from  about  A  3070. 

A  3120. 
A  3140. 
A  3170. 

Monoet  hylanilin  e. 

13"5     765        The  rays  were  absorbed  from  about  A  2470,  but  the  strong  Cd 
lines  2321  to  2144  were  just  visible. 
The  rays  were  absorbed  from  alxjut  A  2540. 

„  ,,  A  2700,  but  the  Cd  line  2573 

was  well  marked. 
The  rays  were  absorbed  from  about  A  3050. 

A  3080. 

..  ..  >>  A3120. 

„  ,,  A3150. 

Diethylaniline. 

12  766        The  rays  were  transmitted  to  about  A  2450,  and   the  Cd  lines 

2329  to  2144  were  well  marked. 
100        942        The  rays  were  absorbed  from  about  A  3150. 

o-Toluidine. 

13  760        TIk-  rays  were  transmitted  to  about  A  2470;  the  Cd  lines  from 

2329  to  2144  were  well  marked. 
80        804        Thf  rays  were  transmitted  to  about  A  2540  ;  the  Cd  lines  2321, 

2313,  2288,  2265,  2194,  2144  were  visible. 
45        830        The  rays  were  transmitted  to  about  A  2700 ;  the  Cd  line  2573 

was  just  visible. 
60        860        The  rays  were  transmitted  to  about  A  2980;  the  Cd  line  2748 
was  just  visible. 
The  nivs  \viT<'  tri!!xinitt<><l  tn  almut  A  8060. 

A  3100. 
A3120. 


30 

805 

45 

835 

60 

865 

75 

895 

90 

925 

100 

941 

76 

890 

90 

920 

100 

936 

12 

752 

30 

796 

60 

852 
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m-Toluidine. 

Pressure 
i°.  in  ram. 
13        759        The  rays  were  transmitted  to  about  \  2480  ;  the  Cd  lines  2329  to 

2144  were  well  marked. 
45        829        The  rays  were  transmitted  to  about  \2750,  the  Cd  line  2748 

ending  sharply  ;  the  Cd  line  2573  was  just  visible. 
75        889        The  rays  were  transmitted  to  about  \  3050  ;  the  Cd  line  2980 
was  just  visible. 
100         935        The  rays  were  transmitted  to  about  \  3110. 


o-Z-Xylidine  (b.  p.  223°). 

TJic  rays  were  transmitted  to  about  \  2400  ;  the  Cd  lines  2329  to 

2144  were  well  marked. 
The  rays  were  transmitted  to  about  \  2450  ;  the  Cd  lines  2329  to 

2144  were  visible. 
The  rays  were  transmitted  to  about  X  2600  ;   the  Cd  line  2573 

was  well  marked. 


m-2-Xylidine  (b.  p.  215°). 

12        752        The  rays  were  transmitted  to  about  \2250;  the  Cd  lines  2194 

and  2144  were  well  marked. 
30        796        The  rays  were  transmitted  to  about  \  2380  ;  the  series  of  Cd  lines 

from  2329  to  2144  were  well  marked. 
60        852        Tlie  rays  were  transmitted  to  about  X  2470  ;  the  Cd  lines  from 

2329  to  2144  were  visible. 


Mesidine  (b.  p.  233°). 

The  rays  were  transmitted  to  about  A.  2350  ;  the  Cd  lines  2321  to 

2144  were  strong. 
The  rays  were  transmitted  to  about  A  2420  ;  the  Cd  lines  2321  to 

2144  were  well  marked. 
The  rays  were  transmitted  to  about  A  2550  ;  the  Cd  lines  2313 

and  2268  Avere  just  visible. 
The  rays  were  transmitted  to  about  A  3000  ;  the  Cd  lines  2880, 

2837,  and  2748  were  visible. 


Benzi/lamine. 

12-5     752        The  rays  were  transmitted  to  about  A  2250;  the  Cd  lines  2194 

and  2144  were  well  marked. 
30        796        The  rays  were  transmitted  to  about  A  2250;  the  Cd  lines  ,2194 

and  2144  were  visible. 
45        822        The  rays  were  transmitted  to  about  A  2420  ;  the  Cd  lines  from 

2329  te  2144  were  well  marked. 
60        852        The  rays  were  transmitted  to  about  A  2500  ;  the  Cd  linos  from 

2329  to  2144  were  visible. 
75        882        The  rays  were  transmitted  to  about  A  2650;   the  Cd  line  2573 

was  well  marked. 
90        910        The  rays  were  transmitted  to  about  A  2900  ;  the  Cd  lines  2880, 

2837,  and  2748  were  visible,  ^ 
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General  Results  of  the  Absorption  Spectra  of  the  Vapours. 

The  results  of  the  preceding  observations  of  the  absorption 
spectra  of  the  vapours  of  aniline  and  its  homologues  prove  that 
(1)  aniline  vapour  has  a  considerable  number  of  absorption  bands 
which  show  relationships  amongst  themselves  both  in  structure  and 
in  differences  of  wave-lengths ;  (2)  under  the  influences  of  increased 
temperature  and  pressure  the  aniline  bands  become  wider;  weak 
bands  become  stronger ;  new  bands  make  their  appearance ;  and 
the  general  absorption  is  shifted  towards  the  less  refrangible 
region;  (3)  with  decreased  pressure,  the  temperature  remaining 
constant,  the  aniline  bands  become  sharper  and  weaker,  and  the 
region  of  general  absorption  is  shifted  towards  the  more  refrangible 
region  of  the  spectrum;  (4)  the  most  remarkable  fact  is  that  none 
of  the  homologues  of  aniline  show  any  of  the  bands  characteristic 
of  aniline;  (5)  under  the  influences  of  increased  temperature  and 
pressure,  the  general  absorption  of  the  vapours  of  the  homologues 
of  aniline  is  shifted  towards  the  less  refrangible  region. 

Solutions. 

The  experimental  methods  employed  in  the  study  of  the  absorp- 
tion spectra  of  solutions  have  been  described  before. 

Aniline,  Monomethylaniline,  and  Dimethylaniline. — The  ultra- 
violet absorption  spectra  of  alcoholic  solutions  of  aniline  have  been 
described  by  Hartley  and  Huntington  (Phil.  Trans.,  1879,  170,  I, 
257),  who  observed  two  bands  at  A  285 — ,\  274  and  \  240— \  230. 
Baly  and  Collie  (Trans.,  1905,  87,  1342)  state  that  they  repeated  the 
observations  with  identically  the  same  results.  They  also  plotted 
the  absorption  curves  of  the  bands  in  alcoholic  solutions  of  mono- 
methylaniline and  dimethylaniline,  and  they  show  that  the  difference 
in  the  persistence  of  the  band  in  the  three  cases  is  very  marked. 
The  absorption  curve  of  dimethylaniline  showed  also  a  second  band 
on  the  more  refrangible  side.  The  author  found  similar  results 
to  those  of  Baly  and  Collie  in  iV/1000-solutions  of  these  three 
substances,  and  the  curves  are  therefore  not  reproduced. 

Monoethylatiiline  and  Diethylaniline. — The  author  has  investi- 
gated the  absorption  spectra  of  the  ultra-violet  regions  of  iV/1000- 
alcoholic  solutions  of  these  substances.  It  will  be  noticed  (Fig.  1) 
that  diethylaniline  shows  a  second  band  at  about  1/A3850,  which 
is  absent  in  monoethylaniline.  It  is  precisely  similar  to  the 
phenomena  observed  by  Baly  and  Collie  in  mono-  and  di-methyl- 
aniline.  It  is  also  noticeable  that  the  characteristic  band  of  these 
substances  is  not  so  persistent  as  the  corresponding  bands  in 
aniline,  mono-  and  di  methylaniline. 
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o-Toluidine. — Hartley  (Trans.,  1885,  47,  685)  described  a  large, 
persistent  band,  the  head  of  which  -was  about  l/\  3040. 

m-Toluidvne.—BaXy  and  Ewbank  (Trans.,  1905,  87,  1358) 
described  a  large,  persistent  band,  the  head  of  which  was  about 
1/A3045. 

The  author  has  repeated  the  observations  with  iV^/lOOO-solutions 
of  o-toluidine  and  m-toluidine,  and  found  similar  results.  The 
curves  therefore  are  not  reproduced. 

o-3-Xylidine   and   ra-2-Xylidme. — iT/lGOO-alcoholic    solutions    of 

Fig.  1. 

Oscillation  frequencies. 
32  34        36         38         40         42 


Continuous  curve  :      J^ /lOO-alcoholic  solution  of  heiizylamine. 

Dot  and  dash  curve  :  ^ /1000-alcoholic  solution  of  inonoethylaniline. 

Dash  curve  :  "N/IOOO -alcoholic  solution  of  diethylaniline. 


these  substances  were  observed,  and  their  absorption  curves  have 
been  drawn  (Fig.  2).  The  general  form  of  the  curves  is  not  unlike 
that  of  the  toluidines.  The  bands  are  strongly  persistent,  and  their 
positions  are  more  towards  the  red  end  than  the  corresponding 
bands  of  the  toluidines. 

Mesidine. — An  iV^/lOOO-solution  of  this  substance  exhibits  a  band 
which  is  not  very  persistent  (Fig.  2).     It  is  of  some  interest  to  note 
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that  the  persistency  of  this  band  is  not  so  marked  as  that  of  either 
the  toluidines  or  the  xylidines. 

Benzylamine. — An  iV/1000-solution  transmitted  the  rays  to  about 
X2290  through  a  thickness  of  30  mm.,  but  an  i\^/100-solution 
showed  a  moderately  strong  band,  the  curve  of  -which  has  been  drawn 
(Fig.  1).     The  position  of  this  band  is  more  towards  the  regions 


Fig.  2. 

OsciUation  frequencies. 

34  36  38 


40 


42 


Continuous  curve  :       ^ /lOOO  alcoholic  sohition  of  o-Z-xylidine. 
Dash  curve  :  N/1000-a/coAo/ic  solution  of  xa-2-xylidine. 

Dot  and  dash  curve  :  "S /1000-alcoholie  solution  of  mesidine. 

of  greater  refrangibility  than  in  any  of  the  substances  herein 
described.  It  is  of  some  importance  to  notice  that  the  band 
corresponds  in  position  and  general  form  with  the  band  l/.\  3850  of 
dicthylaniline. 


General  Results  of  the  Absorption  Spectra  of  the  Solutions. 

The  general  results  of  the  investigation  of  the  absorption  spectra 
of  the  solutions  are  that  (1)  in  the  replacement  of  the  hydrogen 
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of  the  amino-group  of  aniline  by  alkyl  groups,  the  persistence  of 
the  curve  is  considerably  reduced;  (2)  when  the  hydrogen  of  the 
nucleus  is  replaced  by  alkyl  groups  the  band  becomes  large  and 
persistent;  (3)  in  mesidine  the  band  is  not  very  strong  or  persistent; 
and  (4)  in  benzylamine  the  band  is  fairly  strong. 

Liquids. 

Hartley  and  Huntington  {Phil.  Trans.,  1879,  170,  I,  274)  pointed 
out  that  it  was  only  on  dilution  that  the  absorption  bands  of 
aromatic  substances  became  visible.  The  thickness  of  the  layer  of 
liquid  used  by  them  was  0'75  inch. 

In  investigating  the  absorbent  effect  of  liquids  a  special  form 
of  cell  was  used.  It  consisted  of  two  quartz  plates  firmly  cemented 
to  a  brass  box  or  telescope.  One  of  the  quartz  plates  was  attached 
to  a  movable  micrometer  screw,  which  could  be  moved  by 
thousandths  of  a  mm.,  whilst  the  other  plate  was  rigidly  attached 
to  a  brass  stage.  A  drop  of  the  liquid  to  be  investigated  was  placed 
between  the  two  quartz  plates,  and  these  were  then  screwed  together 
to  a  distance  of  0-05  mm,  apart.  The  screw  was  turned  so  that  the 
quartz  plate  attached  to  it  was  moved  closer  and  closer  to  the 
rigidly  placed  plate  until  the  distance  between  them  was  about 
O'OOl  mm.  The  light  of  the  Cd  spark  was  passed  through  the  film 
of  liquid  for  five  minutes  during  each  observation.  Even  through 
the  thinnest  films  of  about  0001  mm.  no  absorption  bands  were 
seen;  and  the  following  numbers  state  the  regions  where  general 
absorption  began  under  the  above  conditions,  and  through  varroua 
thicknesses  of  the  films. 


Aniline. 

Methylaniline. 

Diviethylanilinc. 

Ethylaniline. 

Thickness 

Thickness 

Thickness 

Thickness 

of  film, 

of  film, 

of  film, 

of  film, 

mm. 

A. 

mm. 

A. 

mm. 

A. 

mm.           A. 

0  050 

3185 

0  050 

3305 

0-050 

3310 

0-050        3260 

0-030 

3175 

0-030 

3295 

0-030 

3300 

0  030         3250 

0010 

3160 

0010 

3270 

0010 

3280 

0  010         3220 

0-004 

3150 

0-004 

3260 

0  004 

3260 

0004         3210 

0001 

3140 

0-001 

3250 

0-001 

3270 

0-001         3200 

Diethylaniline. 

0-  Tolu 

'dine. 

m-  Toluidine. 

o-Z-Xylidine. 

0-050 

3326 

0-050 

3150 

0  050 

3180 

0-050        3175 

0-030 

3310 

0-030 

3135 

0  080 

3170 

0-030        3165 

0010 

3285 

0-010 

3120 

0-010 

3140 

0-010        31.50 

0-004 

3275 

0-004 

3100 

0  004 

3130 

0-004         3140 

0  001 

3265 

0  001 

m'i:> 

0  001 

3125 

0001         3130 
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m-2- Xylidine. 

Mesidi 

w. 

Bemylaminf. 

Thickness  of 

Thickuess  of 

Thickness  of 

film,  mm. 

A. 

film,  mm. 

\. 

film,  mm. 

A. 

0050 

3200 

0050 

3250 

0  050 

2745 

0  030 

3180 

0  030 

3210 

0  030 

2735 

0  010 

3160 

0010 

3160 

0010 

2730 

0  004 

3145 

0-004 

3140 

0  004 

2720 

0001 

3140 

0  001 

3130 

0-001 

2710 

General  Results  of  the  Absorption  Spectra  of  the  Liquids. 

The  more  important  points  of  interest  in  the  above  table  are 
that  (1)  the  constitution  of  the  molecules  of  the  various  compounds 
influences  the  general  absorption.  For  example,  the  positions  of 
general  absorption  of  the  ortho-compounds  are  different  from  those 
of  the  isomeric  meta-compounds;  the  differences  in  this  respect 
are  comparable  with  the  differences  observed  in  the  absorption  of 
their  solutions;  (2)  isomeric  substances  like  benzylamine,  the 
toluidines,  and  methylaniline  show  differences  in  their  positions  of 
general  absorption,  which  are  also  analogous  to  differences  in  the 
absorption  of  their  solutions;  (3)  none  of  the  substances  when  in 
the  liquid  condition  exhibit  absorption  bands  through  the  thinnest 
films  of  0001  mm.  thick. 

It  is  not  possible  to  imply  very  much  from  these  numbers,  as  it 
is  conceivable  that  films  thinner  than  O'OOl  mm.  are  obtainable 
under  greater  pressure,  which  would  allow  more  of  the  ultra-violet 
vibrations  to  pass  through.  On  the  other  hand,  such  excessively 
thin  films  produced  by  pressure  could  no  longer  be  considered  as 
liquids.  The  physical  condition  of  the  molecules  would  then  be 
more  of  the  nature  of  a  vapour  under  high  pressure,  and  the  results 
would  hardly  be  comparable. 


Discussion   of  Results. 

In  discussing  the  preceding  observations  we  are  confronted  with 
the  fact  that  the  vapours  of  toluene,  the  xylenes,  and  mesitylene 
all  exhibit  absorption  bands  as  described  by  Pauer,  Grebe  (loc.  cit.), 
and  by  Hartley  {Fhil.  Trans.,  1908,  .4,  208,  475),  and  that  the 
number  of  bands  decreases  as  the  number  of  methyl  groups  increases ; 
but  in  the  toluidines,  not  only  do  the  bands  of  toluene  vapour 
disappear,  but  also  those  characteristic  of  aniline  vapour,  and 
similar  phenomena  are  observed  in  the  xylidines  and  in  mesidinc. 
Further,  the  replacement  of  a  hydrogen  atom  of  the  amino-group 
in  aniline  by  an  alkyl  group  produces  a  complete  elimination  of  the 
bands  characteristic  of  aniline  vapour. 

In  the  alcoholic  solutions  the  type  of  absorption  band  is  very 
similar  in  aniline  and  in  the  methyl-  and  ethyl-anilines,  whereas 
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in  the  toluidines  and  the  xylidines  the  bands  are  stronger,  different 
in  jDOsition,  and  much  more  persistent  than  in  either  toluene,  the 
xylenes,  or  aniline.  The  position  and  intensity  of  the  band  in 
benzylamine  is  also  quite  different  from  that  of  either  toluene  or 
Aniline,  but  it  corresponds  in  form  and  position  with  the  more 
refrangible  band  of  diethylaniline. 

In  the  liquids,  the  general  absorption  is  so  great  that  the  ultra- 
violet light  is  absorbed  over  the  regions  covered  by  the  bands  found 
in  the  solutions  even  at  thicknesses  of  the  liquids  represented  by 
0-001   mm. 

The  author  has  already  discussed  (loc.  cit.)  the  absorption  spectra 
of  the  vapours  of  pyridine  and  some  of  its  derivatives  from  a  con- 
sideration of  the  impacts  of  symmetrically  and  unsymmetrically 
oriented  molecules.  It  seems  to  be  possible  to  apply  a  similar 
explanation  to  the  phenomena  described  in  this  communication. 
In  the  methyl-  and  ethyl-anilines  the  symmetrical  orientation  of 
the  aniline  molecule  is  distorted,  and  the  vibrations  of  the  more 
symmetrical  aniline,  which  produce  selective  absorption,  are 
destroyed.  The  vibrations  producing  the  absorption  bands  in  the 
vapours  of  toluene  or  the  xylenes  are  wholly  different  from  those 
producing  the  bands  in  aniline  vapour;  and  in  the  vapours  of  the 
toluidines  and  the  xylidines  there  is  no  trace  of  any  of  the  series 
of  bands.  The  symmetrical  orientation  of  the  atoms  is  absent  in 
these  compounds,  and  the  vibrations  no  longer  exercise  a  selective 
absorption  of  the  radiant  energy.  The  energy  may  be  chiefly 
absorbed  by  the  translatory  energy  of  the  molecules  producing 
general  absorption,  which  becomes  more  pronounced  as  the  tem- 
perature and  pressure  are  increased. 

In  the  solutions,  the  solvent  acts  partly  as  a  constraint  on  the 
vibrations  of  the  molecules  of  the  dissolved  substance,  partly  as  a 
barrier  to  the  number  of  encounters,  and  partly  as  an  absorbent  of 
a  portion  of  the  radiant  energy.  The  result  of  these  influences  is 
that  the  vibrations  of  the  molecules  are  quite  different  from  those 
of  the  vapours.  The  atoms  of  the  molecules  under  these  conditions 
vibrate  or  oscillate  in  a  definite  way  characteristic  of  each  sub- 
stance; and  molecules  of  the  same  type,  for  example,  aniline  and 
the  methyl-  and  ethyl-anilines,  exhibit  bands  having  similar  forms. 
They  differ  only  in  their  relative  positions  and  in  their  increased 
or  decreased  persistencies,  which  are  regulated  by  the  number, 
weight,  and  type  of  the  substituted  groups. 

In  the  liquids,  the  molecules  are  more  closely  packed,  and  they 
exert  a  greater  tensional  effect  on  each  other,  so  that  the  restraining 
influences  on  the  vibrations  are  still  more  powerful.  The  radiant 
energy  is  absorbed  by  the  molecules,   for  even   when  the  film  of 
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liquid  was  only  0001  mm.  thick,  no  bands  of  selective  absorption 
were  observed  in  any  of  the  liquids.  Nevertheless,  the  differences 
observed  in  the  positions  of  general  absorption  of  the  ortho-  and 
meta-compounds  and  in  the  isomeric  substances,  benzylamine, 
methylaniline,  and  the  toluidines,  indicate  that,  besides  the  -weight 
of  the  molecule,  the  orientation  is  also  a  factor  in  determining  the 
extent  of  the  general  absorption  as  distinct  from  selective  absorp- 
tion. 

I  have  again  to  convey  my  thanks  to  the  Government  Grant 
Committee  of  the  Royal  Society,  by  whose  assistance  the  larger 
portion  of  the  cost  of  the  apparatus  used  in  these  experiments  was 
defrayed. 

University  Chemical  Laboratory, 
Cambkipge. 


CXLIV. — The  T/U)xcmolecular  Rearrangement  of  Di- 
phenylamine  oitho-SuIphoxides.  Fart  III.  The 
Tri-  and  Tetra-chl(yrosulphoxid£S. 

By  Oscar  Lisle  Brady  and  Samuel  Smiles. 

In  the  previous  communication  on  this  subject  (Barnett  and  Smiles, 
this  vol.,  p.  186)  the  mechanism  of  this  reaction  was  discussed, 
and  it  was  shown  that  the  rearrangement,  which  is  brought  about 
by  the  action  of  acids  on  the  sulphoxides  of  diphenylamine,  probably 
depends  on  the  preliminary  formation  of  salts  of  these  sub- 
stances (II) : 

N 

/\^\X\ 

-->     I        I       T      J  +HC1. 

s 

OH 

(I.)  (II.)  (III.) 

In  order  to  obtain  complete  confirmation  of  this  hypothesis,  it  is 
evidently  desirable  to  isolate  these  sulphoxide  salts  and  to  examine 
their  independent  behaviour;  but  in  none  of  the  six  cases  which  have 
been  studied  has  this  been  possible.  In  those  instances  where  the 
sulphoxide  was  sufficiently  basic  to  give  promise  that  the  salts  would 
be    readily    formed,    the    conversion    into    the    phenazothionium 
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derivative  was  too  rapid  to  permit  of  their  being  isolated,  and  in 
other  cases,  where  this  conversion  is  slow,  the  sulphoxides  were  of 
acidic  character  or  such  extremely  weak  bases  that  no  hope  of 
isolating  the  salts  in  the  pure  condition  could  be  entertained. 

It  has  been  shown  that  the  conversion  of  the  sulphoxide  into  the 
phenazothionium  derivative  depends  on  the  nature  of  the  groups 
present  in  the  aromatic  nuclei  (Barnett  and  Smiles,  this  vol.,  p.  192) 
of  the  former,  and  it  appeared  not  improbable  that,  in  accordance 
with  the  usual  phenomena  of  steric  hindrance,  the  mere  presence  of 
substituents,  whatever  their  nature,  would  exert  a  retarding 
influence  on  this  change.  With  this  assumption,  it  is  clear  that  in 
order  to  isolate  the  required  salts  a  sulphoxide  must  be  chosen 
containing  substituents  which  do  not  to  any  great  extent  depress  the 
basic  character  of  the  parent  substance,  and  are  present  in  sufficient 
nvimber  to  prevent  the  conversion  into  the  phenazothionium 
derivative  taking  place  too  readily.  Since  the  chloro-derivatives 
of  thiodiphenylamine  appeared  to  satisfy  these  requirements,  the 
following  experiments  were  undertaken  with  them. 

Tetrachlorothiodiphenylamine  is  easily  prepared  in  large  quan- 
tities by  the  simultaneous  action  of  hydrochloric  acid  and  hydrogen 
dioxide  on  thiodiphenylamine  (Page  and  Smiles,  this  vol.,  p.  1112). 
This  substance  was  converted  into  the  sulphoxide  in  the  usual 
manner  by  the  further  action  of  hydrogen  dioxide. 


Tetrachlorodiph enylamine  o-Sulphoxide, 
v-gQ-x^CgHgClg. 


CgHgCI  2<^(^  p.  ^^OgHgClj 


Tetrachlorothiodiphenylamine  was  suspended  in  glacial  acetic 
acid,  to  which  an  excess  of  30  per  cent,  hydrogen  dioxide  had  been 
added.  The  mixture  was  set  aside  at  the  atmospheric  temperature 
for  three  or  four  days.  The  completion  of  the  reaction  was  indi- 
cated by  the  disappearance  of  the  characteristic  crystals  of  the 
sulphide,  which  were  replaced  by  a  very  finely  divided  precipitate. 
This  was  collected,  and,  after  the  adherent  acetic  acid  had  been 
removed,  the  solid  was  recrystallised  from  benzene.  In  this  way 
tetrachlorodiphenylamine-o-sulphoxide  was  obtained  in  colourless 
prisms,  which  melted  at  220°,  the  fused  mass  assuming  a  reddish- 
brown  colour: 

0-1304  gave  01931  COg  and  00186  HgO.     C  =  40-4;  H  =  l-6. 
C12HJONCI4S  requires  0  =  408;  H  =  r4  per  cent. 

The  presence  of  the  sulphoxide  grouping  in  this  compound  is 
proved  by  the  condensation  with  phenetole  to  the  «S-phenetyl 
derivative,  which  is  described  later. 
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This  sulphoxide  has  been  previously  prepared,  although  evidently 
in  an  impure  condition,  by  Unger  and  Hofmann  {Ber.,  1896,  29, 
1362)  from  the  action  of  nitric  acid  on  tetrachlorothiodiphenyl- 
amine.  These  authors  find  that,  as  usual,  the  bivalent  sulphur  is 
oxidised  to  the  sulphoxide  group  by  that  reagent,  but  that,  unless 
special  precautions  are  taken,  a  portion  of  the  halogen  is  displaced 
by  nitro-groups.  "We  have  repeated  these  experiments,  and,  whilst 
confirming  the  observations  of  linger  and  Hofmann,  find  that  the 
method  is  not  suitable  for  preparing  the  pure  sulphoxide  in  large 
quantity.  The  product  is  usually  red,  and  is  evidently  contaminated 
with  the  phenazothionium  derivative,  which,  as  will  be  shown  later, 
is  obtained  from  the  sulphoxide  by  the  action  of  strong  acids. 

The  conversion  of  this  tetrachlorosulphoxide  into  the  phenazo- 
thionium hydrate  appears  to  be  effected  with  approximately  the 
same  ease  as  that  of  the  dinitro-sulphoxide  (Barnett  and  Smiles, 
Trans.,  1909,  95,  1261).  It  is  not  attacked  by  dilute  mineral  acids, 
and  only  slowly  by  hot  concentrated  hydrochloric  acid.  In  sulphuric 
acid  the  reaction  is  slow,  and  it  can  be  followed  by  the  change  in 
colour  and  by  the  reactions  of  the  solutions.  Freshly  prepared  solu- 
tions of  the  sulphoxide  in  the  concentrated  acid,  which  are  of  a 
deep  yellowish-brown  colour,  evidently  still  contain  the  sulphoxide, 
for,  on  adding  phenetole  or  a  similar  substance  to  them,  the  iS-aryl- 
phenazothionium  derivative  is  formed.  However,  after  the  lapse 
of  about  four  hours,  these  solutions  become  violet,  and  the  j5-phenetyl 
derivative  cannot  then  be  obtained  by  the  addition  of  phenetole; 
on  pouring  the  solution  into  water,  the  tetrachlorophenazothionium 
hydrate  is  precipitated. 


TetrachloroS-pheneti/lphenazothionium. 

An  excess  of  phenetole  was  gradually  added  to  a  cold  solution  of 
tetrachlorodiphenylamine  sulphoxide  in  concentrated  sulphuric  acid. 
The  course  of  the  reaction  is  indicated  by  the  appearance  of  an 
intense  blue  colour,  and,  as  soon  as  it  was  found  that  a  sample  of 
the  solution  gave  a  precipitate  of  a  pure  reddish-brown  colour  on 
being  mixed  with  water,  the  addition  of  phenetole  was  suspended. 
On  pouring  the  solution  into  water,  the  required  derivative  was 
precipitated;  it  was  collected,  washed  with  water,  and  then  con- 
verted into  the  base  by  trituration  with  dilute  aqueous  sodium 
hydroxide.  The  substance  was  again  collected,  and,  after  being 
washed  with  water  until  free  from  alkali,  it  was  dried  in  the  steam- 
oven,  and  finally  extracted  with  chloroform  in  Soxhlet's  apparatus. 
The  cold  extract  deposited  tetrachloro-i5-phenetylphenazothionium 
hydrate  (IV)  in  chocolate  coloured  prisms,  which  melted  at  197°. 
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The  substance,  when  prepared  in  this  manner,  evidently  contains 
chloroform  of  crystallisation,  for  a  sample  which  had  been  dried  for 

CI     N      CI 


CfiH^-OEb 

(IV.) 

some  hours  in  the  steam-oven  readily  furnished  phenylcarbylamine 
when  warmed  with  aniline  and  alkali  hydroxide.  Analysis  con- 
firmed this  suspicion : 

0-1326  gave  0-2047  COg  and  0-0242  HgO.     C  =  42-2;  H  =  2-3. 

0-1197     „     0-1851  COo     „    0-0217  HgO.     C  =  42-2;  H  =  2-0. 
C2oHi30NSCl4,H20  "requires  C  =  50-5;  H  =  3-l  per  cent. 

CooHjgONSCl^^gO'CHClg  requires  0  =  42-4;  H  =  2-8  per  cent. 

This  additional  chloroform  is  very  firmly  retained  by  the  sub- 
stance, for  on  heating  a  sample  for  several  hours  at  140 — 150°,  only 
slight  loss  of  weight  occurred,  and  analysis  showed  that  almost  the 
theoretical  amount  of  halogen  was  still  present : 

0-1074  gave  0-1697  AgCl.     Cl  =  39-1. 

CaoHjsONSCl^jHgOjCHCla  requires  01  =  41-8  per  cent. 

The  substance  is  insoluble  in  water,  sparingly  soluble  in  ether,  and 
readily  so  in  other  warm  organic  media.  It  imparts  an  intense 
blue  colour  to  sulphuric  acid. 

Tetrachlorophenazot/iiomum. 

A  solution  of  tetrachlorodiphenylamine  o-sulphoxide  in  concen- 
trated sulphuric  acid  was  kept  at  the  atmospheric  temperature  for 
four  or  five  hours,  when  it  was  poured  on  ice,  and  the  mixture  set 
aside  overnight  to  obtain  complete  separation  of  the  insoluble 
material.  The  latter  was  then  collected,  and,  after  being  purified 
and  dried  at  100°,  it  was  analysed : 

0-1066  gave  0-1532  CO2  and  0-0181  HgO.     0  =  391;  H  =  l-9. 
Ci2H5ONS0l4,Il2O  requires  0  =  388;   H  =  r8  per  cent. 

Tetrachlorophenazothionium  hydroxide  (V), 
CI     N      CI 

Oil        I        I        Ini  +  ^2^> 

S 
OH 

(V.) 
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which  is  obtained  in  this  way  as  a  brownish-red  powder,  resembles 
other  hydroxides  of  this  series  in  containing  an  additional  molecule 
of  water  (this  vol.,  p.  186),  The  latter  is  not  readily  eliminated; 
in  fact,  it  is  only  on  heating  to  about  180°  that  water  is  expelled,  the 
compound  melting  somewhat  indefinitely  at  200°.  The  substance 
is  insoluble  in  water,  but  soluble  in  hot  glacial  acetic  acid.  The 
solutions  in  sulphuric  acid  are  purple,  and  do  not  react  with 
phenetole  or  similar  compounds.  This  azothionium  derivative  may 
also  be  prepared  by  direct  oxidation  of  the  tetrachloro-sulphide  in 
acid  media. 

Oxidation  of  Tetrachlorothiodiphenylainine. — (a)  With  Chromic 
Acid. — ^A  hot  solution  of  tetrachlorothiodiphenylamine  was 
gradually  mixed  with  the  calculated  amount  of  chromic  acid  dis- 
solved in  the  same  medium.  The  mixture  was  set  aside  to  cool,  and 
then  poured  into  cold  water,  the  insoluble  product  being  collected 
and  recrystallised  from  benzene.     This  was  analysed  (1). 

(6)  With  Caro's  Reagent. — The  calculated  amount  of  potassium 
persulphate  was  slowly  added  to  a  cold  mixture  of  tetrachlorothio- 
diphenylamine and  concentrated  sulphuric  acid.  The  liquid  was 
poured  over  crushed  ice,  and  then  set  aside  until  the  product  was 
completely  precipitated.  The  latter  was  collected,  washed  with 
water  until  free  from  sulphuric  acid,  then  dried,  and  finally  re- 
crystallised  from  hot  ethyl  acetate.  The  substance  was  analysed  (2). 
The  product  obtained  by  these  two  methods  forms  dark  red  prisms, 
which  melt  at  220°,  and  give  purple  solutions  with  concentrated 
sulphuric  acid : 

(1)  0-2142  gave  0-3316  COo  and  00294  HoO.     C  =  42-2;  H  =  l-5. 

0-1046     „     0-1700  AgCl.     Cl  =  39-4. " 
(2)0-1406     „    0-2184  CO,  and  0-0216  HoO.     C=42'3;  H  =  1'7. 

It  is  evident  from  the  analytical  data  that  the  substance  is  not 
the  phenazothionium  hydroxide  (0  =  388  and  H  =  1'8  per  cent.) 
which  is  obtained  by  rearrangement  of  the  sulphoxide.  According 
to  the  numbers  which  are  quoted  above,  the  compound  would  appear 
to  be  either  an  oxide  derived  from  the  phenazothionium  hydroxide 
by  separation  of  the  elements  of  water  (0  =  418  and  01  =  41-2  per 
cent.)  or  a  compound  of  the  nature  of  a  quinhydrone  composed  of 
equal  molecular  proportions  of  sulphide  and  azothionium  hydroxide 
(0  =  41-7  and  01  =  41-1  per  cent.).  The  latter  alternative  appears 
to  be  the  more  probable,  but  since  this  question  lies  outside  the 
scope  of  the  present  experiments  it  has  not  been  further  pursued. 

The  tetrachloro-sulphoxide,  the  derivatives  of  which  have  now 
been  described,  is  not  a  sufficiently  strong  base  to  furnish  stable  salts 
with  acids,  and  attention  was  therefore  turned  to  the  trichloro- 
derivative. 
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Trichlorodiphenylamine  o-Sulphoxide, 

C6H3Cl<.gQ_>CgH2Cl2. 

In  the  clilorination  of  thiodiphenylamine  by  the  action  of 
hydrogen  dioxide  and  hydrochloric  acid  in  alcoholic  solution  (Page 
and  Smiles,  this  vol.,  p.  1118),  it  was  sometimes  observed  that  the 
yield  of  tetrachloro-sulphide  was  considerably  below  that  required 
by  theory.  Since  this  substance  is  almost  insoluble  in  the  alcoholic 
mother  liquor  obtained  in  this  preparation,  it  appeared  probable 
that  the  loss  might  be  due  to  incomplete  chlorination,  hence  the 
more  soluble  substances  produced  in  this  reaction  were  examined. 
These  were  isolated  by  pouring  the  filtered  mother  liquor  into  a 
large  bulk  of  water;  the  solid  was  collected,  washed,  dried,  and 
finally  recrystallised  from  hot  benzene.  The  trichloro-sulphoxidc 
was  isolated  from  the  less  soluble  portion  obtained  in  this  process. 
It  is  readily  soluble  in  hot  benzene,  and  was  obtained  in  prismatic 
crystals,  which  melted  at  160°.  It  is  soluble  in  concentrated 
sulphuric  acid,  immediately  producing  an  intense  violet  colour,  and 
when  the  solution  is  mixed  with  water  the  reddish-brown  azothionium 
derivative  is  obtained : 

0-1125  gave  0-1870  CO^  and  0-0218  H.O.     C  =  45-3;  H  =  2-l. 
CigHeONClgS  requires  0  =  45-2-'  H  =  l-9  per  cent. 

The  hydrochloride  of  this  sulphoxide  was  also  isolated  from  the 
mother  liquors  of  the  preparation  of  tetrachlorothiodiphenylamine 
by  cautiously  adding  water  to  them  and  setting  the  mixture  aside 
until  the  precipitate  had  formed.  The  substance  was  purified  and 
dried  for  analysis  in  a  vacuous  desiccator : 

0-1210  gave  0-1785  OOg  and  0-0133  HgO.     C  =  40-2;  H  =  l-2. 

0-1167     „     0-1897  A^l.     Cl  =  40-2. 
CioHgONClaS.HCl  requires  C  =  40-5;  H  =  l-9;  CI  =  40-0  per  cent. 

It  forms  a  pale  grey  powder,  which  is  soluble  in  concentrated 
sulphuric  acid,  giving  purple  solutions,  and  evolving  hydrogen 
chloride;  the  latter  is  also  eliminated  when  the  compound  is  boiled 
with  water. 

The  corresponding  trichlorojihen azothionium  derivative  is  formed 
when  this  hydrochloride  is  heated  either  alone  to  about  100°  with 
water,  or  in  boiling  media,  such  as  benzene  or  ethyl  acetate.  Pro- 
longed heating  decomposes  the  product,  which  is  therefore  difficult 
to  isolate  in  a  pure  state.  A  weighed  quantity  of  the  hydrochloride 
was  suspended  in  cold  water,  and  the  mixture  was  heated  to  the 
boiling  point.  The  reddish-brown  product  was  immediately  col- 
lected and  washed  with  cold  water,  the  filtrates  being  collected. 
Analysis  of  the  product,  which  melted  indefinitely  at  125—130°, 
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and  gave  the  usual  reaction  of  phenazotliionium  derivatives  with 
sulphuric  acid,  showed  that  it  was  the  partly  hydrolysed  phenazo- 
thionium  chloride,  and  this  was  confirmed  by  estimation  of  the  free 
hydrochloric  acid  in  the  mother  liquors : 

04136  gave  01740  CO2  and  0-0197  H2O.     C=41-8;  H  =  2-0. 
CioH5NCl4S,H20  requires  C=42-8;  H  =  2-3  per  cent. 

Further  attempts  to  purify  this  compound  by  more  prolonged 
boiUng  with  water  or  by  treatment  with  alkali  hydroxide  were  not 
successful  on  account  of  its  instability  towards  these  reagents. 

The  fact  that  this  hydrochloride  is  so  readily  converted  into  the 
azothionium  derivative  adds  further  support  to  the  hypothesis 
already  advanced  on  other  grounds  that  in  the  change  of  these 
sulphoxides  of  diphenylamine  to  the  azothionium  compounds  by  the 
action  of  acids  the  salts  of  the  former  are  first  produced. 

In  conclusion,  we  desire  to  express  our  thanks  to  the  Research 
Fund  Committee  of  the  Chemical  Society  for  a  grant  which  has 
defrayed  the  expenses  of  these  experiments. 

The  Organic  Chemistry  Laboratory, 
univkr.sity  ck)llege, 

LOXDOK. 


CXLV. — The   Action   of   Bases   on    a^-Dihromohutyric 
Acid  and  its  Esters. 

By  Thomas  Campbell  James. 

In  a  previous  communication  (James  and  Sudborough,  Trans.,  1909, 
95,  1543)  it  was  established  that  when  hydrogen  bromide  is 
abstracted  from  o)8-dibromo-i3-phenylpropionic  acid  (cinnamic  acid 
dibromide)  by  the  action  of  feeble  bases  and  alkaloids,  the  peld  of 
a-bromocinnamic  acid  is  comparatively  much  greater,  and  the 
amount  of  o-bromoaZ/ocinnamic  acid  correspondingly  diminished, 
tlian  when  strong  alkalis  are  used.  Thus,  wlaen  the  decomposition 
is  effected  by  alcoholic  potassium  hydroxide  in  the  cold,  the  ratio 
o  hromocinnamic  acid/a-bromort/Zocinnamic  acid  is,  roughly,  1/7, 
whereas  with  trimethylamine  it  is  about  1/2.  An  increase  in  the 
relative  amount  of  the  a-bromo-acid  also  occurs  in  experiments  with 
weak  bases  where  heat  is  required  to  complete,  the  reaction,  but  in 
these  cases  a  considerable  amount  of  decomposition  takes  place  with 
formation  of  a-bromostyrene  and  evolution  of  carbon  dio.xide,  and 
the  precise  degree   of   transformation  of   a//o-acid  into   its  stereo- 
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isomeride  is  thereby  obscured.  It  has  been  shown  by  following  the 
reaction  between  aqueous  alkali  and  a;8-dibromobutyric  acid, 
kinetically,  that  the  tendency  towards  decomposition  is  less  in  this 
case  than  in  the  above,  and  a  series  of  experiments  has  therefore 
been  carried  out  to  investigate  the  action  of  various  bases  on  this 
acid. 

o;8-Dibromobutyric  acid,  CHg-CHBr'CHBr'COgH,  was  obtained 
by  Korner  (Annalen,  1866,  137,  234)  by  the  addition  of  bromine  to 
crotonic  acid.  Its  preparation  is  described  in  detail  by  Michael 
and  Norton  (Amer.  Ghem.  J.,  1881,  2,  11)  and  by  Kolbe  (J.  pr. 
Chem.,  1882,  [ii],  25,  386),  By  abstracting  hydrogen  bromide  by 
means  of  alkali,  Michael  and  Norton  obtained  a  bromocrotonic 
acid,  melting  at  92°,  isomeric  with  the  acid,  melting  at  106'5°, 
obtained  by  the  same  observers  from  oo-dibromobutyric  acid. 
Erlenmeyer  and  Miiller  (Ber.,  1882,  15,  49)  showed  that  when 
o)3-dibromobutyric  acid  was  decomposed  with  two  equivalents  of 
alcoholic  potassium  hydroxide,  a  mixture  of  the  two  bromocrotonic 
acids  is  obtained.  These  were  separated  by  taking  advantage  of  the 
great  difference  in  the  solubility  of  their  potassium  salts  in  absolute 
alcohol,  when  about  10  per  cent,  of  the  acid  melting  at  106"5°  was 
obtained.  Wislicenus  (Annalen,  1888,  248,  322),  who  described 
both  acids  as  a-bromocrotonic  acids,  used  aqueous  potassium 
hydroxide  for  the  decomposition,  and  obtained  a  large  proportion 
of  a-bromo«Wocrotonic  acid,  melting  at  92°,  with  a  slight  amount  of 
a-bromocrotonic  acid,  melting  at  106*5°, 

Michael  and  Schulthess  {J.  pr.  Chem.,  1892,  [ii],  46,  257)  confirm 
the  results  obtained  by  Wislicenus,  and  give  quantitative  data. 
Two  experiments  are  described,  wherein  10  grams  of  a)3-dibromo- 
butyric  acid  were  decomposed  with  two  equivalents  of  aqueous 
potassium  hydroxide,  one  carried  out  at  low  temperature  (0 — 10°) 
and  the  other  at  35°.  Separating  the  products  by  crystallising 
their  potassium  salts  from  ten  times  their  weight  of  absolute 
alcohol,  they  obtained  3'5  per  cent,  of  a-bromo-salt  and  96'5  per 
cent,  of  o-bromoaWo-salt  in  each  case. 

It  has  been  shown  by  Sudborough  and  Thompson  (Trans.,  1903, 
83,  671)  and  by  Michael  (Ber.,  1901,  34,  3666)  that  the  replace- 
ment of  the  acidic  hydrogen  of  a)3-dibromo-)8-phenylpropionic  acid 
by  alkyl  groups  has  a  profound  effect  on  the  decomposition  by 
means  of  alkalis,  the  yield  of  o-bromocinnamic  acid  being  greatly 
increased  in  the  case  of  all  the  esters  used,  Michael  and  Browne 
(Amer.  Ghem,.  /.,  1887,  9,  280)  state  that  a  similar  effect  is  noticed 
when  the  ethyl  ester  of  oiS-dibromobutyric  acid  is  similarly  decom- 
posed, but  the  results  given  in  this  paper  indicate  that  the  effect 
is  not  so  marked  as  stated  by  them. 
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The  experimental  work  described  in  this  paper  may  be  classified 
under  the  following  heads : 

I.  Determination  of  the  rate  of  decomposition  of  certain 
a)3-dibromo-acids  by  aqueous  potassium  hydroxide. 

II.  The  action  of  bases  on  a)3-dibromobutyric  acid  under  varying 
conditions. 

III.  The  preparation  of  esters  of  a)3-dibromobutyric  acid. 
lY.  Decomposition  of  the  esters  by  potassium  hydroxide. 

I. — The  Rate  of  Decomposition  of  certain  aP-Dibromo-acids  by 
Aqueous  Potassium  Hydroxide. 

The  constants  of  the  reactions 

X-CHBr-CHBr-COjK+KOH  -^  X-CHICBr-COjK  +  KBr  +  H.O 
(X  — H,  CHg,  or  CgHj)  have  been  determined  in  aqueous  solution 
at  15°.  The  general  method  was  to  treat  a  weighed  quantity  of 
the  finely  powdered  acid  very  gradually  with  one  equivalent  of  pure 
aqueous  potassium  hydroxide  solution.  This  was  made  up  to  a 
known  volume,  and,  after  being  kept  for  some  time  in  a  thermostat 
at  15°,  a  second  equivalent  of  alkali  was  added.  Known  volumes  of 
the  mixture  were  titrated  at  definite  intervals  with  standard 
sulphuric  acid. 

i.  Dibromopropionic  Acid,  CHoBr-CHBr'COoH. — This  acid  was 
prepared  from  allyl  alcohol,  as  described  by  Tollens  and  Miinder, 
etc.  (Annalen,  1873,  167,  224,  241).  After  crystallising  from  light 
petroleum,  it  melts  at  63 — 64°. 

Series  A. — Initial  concentration  of  reacting  substances,  NJ 40; 
80  c.c.  were  titrated  at  intervals  with  00969iV-sulphuric  acid, 
a  =  20-65  c.c. 

Time  in  hours.  a-z.  x.  k=\Jt- 


a{a  -  x)' 

0-417  8-55  1210  01645 

0-583  7  10  13-55  01 602 

0-«17  500  15-65  01653 

2-00  2-70  17-95  0-1610 

Mean 0-1627 

For  iV-solution,  i-  =  0-1627  x  -——  =  134-4 
0  0969 

Series  B. — Initial  concentration  of  the  reacting  substances,  N/50; 

20  c.c.   were   titrated   at  intervals   with   001211A'-sulphuric  acid. 

0  =  29-50  c.c. 

X.  k. 

18  00  0-08080 

19-70  0-08180 

Mean 008130 

For  .y-solution,  i  =  0-0813x  —?®_  =  134-2 
001211 

Mean  of  Series  A  and  £=134*3 


Time  in  hours. 

a-x. 

0-333 

16-60 

0-833 

9-80 
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ii.  a^-Dibromobuti/ric  Acid. — This  acid  was  prepared  as  described 
by  Michael  (loc.  cit.),  and,  after  crystallising  from  carbon  disulphide, 
melted  at  87°. 

Series  A. — Initial  concentration  of  the  reacting  substances,  iV/8 
approx. ;  20  c.c.  were  titrated  at  intervals  with  0'0969iV^-sulphuric 
acid.     o  =  24'32  c.c. 


Time  in  hours. 

a-x. 

X. 

a(a-x) 

100 

17-00 

7-32 

0-1770 

1-53 

14-60 

9-72 

0-1789 

2-00 

12-95 

11-37 

0-1805 

3-33 

9-80 

1452 

0-1830 

6-00 

6-80 

17-52 

0-1765 

7-50 

5-75 

18-57 

0-1770 

Mean  .. 

0-1788 

For  iV-solution,  I' =  0-1788  x     '^^ 


0  0969 


Series  B. — Initial  concentration  of  reacting  substances,  iV/10 
approx.;  20  c.c.  were  titrated  at  intervals  with  0'0969iV-acid. 
a  =  19-60  c.c. 


Time  in  hours. 

a-x. 

X. 

k. 

0-5 

16-80 

2-80 

0-01700 

2-0 

11-79 

7-81 

0-01690 

3-0 

9-86 

9-74 

0-01680 

4-0 

8-25 

11-35 

0-01754 

Mean 

...     0-01706 

T?^, 

-  xr.._i.,*.: 7 

n.rvi  TriO  v,       •^^       o. 

.eo 

For  iV-sohition,  /?;  =  0-01706  x     ^"     =3-52 
'  0  0969 

Mean  of  Series  A  and  5  =  3-60 

iii.  a^-Dibromo-^-p7ienylpropionic  Acid,  CcHg'CHBr'CHBr'COaH. 
— Initial  concentration  of  the  reacting  substances,  N/25  approx.; 
50  c.c.  of  the  solution  were  titrated  at  intervals  with  0-0969A'-acid. 
a  =  19-10  c.c. 


Time  in  hours. 

a-x. 

X. 

k-l/(      '^     . 
n(a  -  X) 

(1) 

r083 

18-10 

1-00 

0-00267 

(2) 

2-50 

17-00 

2-10 

0-00259 

(3) 

5  00 

15-10 

4-00 

000277 

(4) 

1900 

8-25 

10-85 

0-00362 

(5) 

23-00 

6-86 

12-24 

0-00406 

V^^    AT  o«l.,f 

M( 

.'an  of  (1), 

(2). 

nao  , 

and  (3) 

,      50     _,.„. 

0  00268 

0-0969 


In  the  later  stages  (4)  and  (5)  the  odour  of  a-bromostyrene  -was 
distinctly  observable,  indicating  partial  decomposition,  thus  account- 
ing for  the  high  values  of  k. 

From  these  experiments  it  is  seen  that  the  rate  of  elimination 
of  hydrogen  bromide  from  o)8-dibromo-acids  is  considerably  affected 
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by  the  presence  of  alkyl  groups  in  the  jS-position,  and  depends  also 
on  the  nature  of  these  groups.  The  ratios  of  the  constants  in  the 
above  experiments  are: 

H:  Me:  Ph:    :  100 :  2-68:  1-03. 
It  is  also  apparent  that  the  decomposition  of  ojS-dibromopropionic 
and  a)8-dibromobutyTic  acids  by  means  of  potassium  hydroxide  in 
dilute  aqueous  solution  at  15°  is  not  complicated  by  side-reactions. 

II. — The  Action  of  Bases  on  afi-Dibromobutyric  Acid  under  Varying 

Conditions. 

A  series  of  experiments  has  been  performed  with  the  view  of 
ascertaining  the  variation  in  the  proportion  of  the  two  a-bromo- 
crotonic  acids  obtained  by  abstracting  hydrogen  bromide  from 
oi8-dibromobutyric  acid  with  difiFerent  bases  under  varying  con- 
ditions. The  acid  is  obtained  in  theoretical  yield  by  the  method 
described  by  Michael  and  by  Kolbe,  which  consists  in  adding  a 
slight  excess  of  bromine  to  crotonic  acid  dissolved  in  carbon  di- 
sulphide,  keeping  for  several  hours,  and  then  evaporating  off  the 
solvent.  On  crystallising  from  carbon  disulphide  or  light  petroleum, 
the  pure  acid,  melting  at  87°,  is  obtained. 

As  mentioned  above,  quantitative  results  for  the  action  of 
alcoholic  and  aqueous  potassium  hydroxide  have  been  given  by 
Erlenmeyer  and  Miiller  and  by  Michael  and  Schulthess.  Working 
in  alcoholic  solution,  the  former  obtained  10  per  cent,  of  a-bromo- 
crotonic  acid,  whilst,  in  aqueous  solution,  the  latter  only  obtained 
35  per  cent,  of  this  product.  Both  results  are  confirmed  in  the 
present  paper. 

The  method  of  separation  of  the  isomerides,  as  described  by 
Michael  and  Schulthess,  has  been  tested  as  follows:  2  grams  of 
a-bromocrotonic  acid  and  a  similar  weight  of  o-bromcwZ/ocrotonic 
acid  were  mixed  and  dissolved  in  40  grams  of  absolute  alcohol 
(99-8  per  cent.).  The  solution  was  titrated  with  a  10  per  cent, 
solution  of  alcoholic  potassium  hydroxide  until  neutral,  and  kept  in 
a  dark  cupboard  for  two  hours,  by  which  time  a  copious  separation 
of  potassium  o-bromocrotonate  had  occurred  The  precipitate  was 
collected  on  to  a  weighed  filter,  washed  five  times  with  small 
quantities  of  alcohol,  and  dried  in  a  steam-oven  to  constant  weight, 
which  was  248  grams  (theory,  246  grams).  The  filtrate  was 
evaporated  to  dryness,  and  the  residue  of  potassium  o-bromo^///«- 
crotonate  weighed  245  grams.  The  separation  is  therefore  complete 
within  1  per  cent. 
•  In  studying  the  action  of  bases  on  oj8-dibromobutyric  acid,  the 
general  method  has  been  to  act  on  10  £jrams  of  the  acid  with  two 
molecular  proportions  o|  the  base  until .  the  reaction  is  completed. 
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When  alcoholic  solutions  were  used,  the  reaction  mixture  was  then 
evaporated  on  a  water-bath  to  remove  alcohol,  acidified  with  dilute 
hydrochloric  acid,  and  extracted  five  times  with  ether.  After 
drying,  the  ethereal  solution  was  evaporated  in  a  vacuum  desiccator 
to  constant  weight,  and  the  yield  of  a-bromo-acids  noted.  The  latter 
were  then  dissolved  in  ten  times  their  weight  of  absolute  alcohol,  and 
titrated  with  a  10  per  cent,  solution  of  alcoholic  potassium  hydroxide 
until  neutral.  After  being  kept  for  two  to  three  hours  in  the  dark, 
the  very  sparingly  soluble  potassium  a-bromocrotonate  was  collected 
on  a  weighed  filter,  washed  several  times  with  small  quantities  of 
absolute  alcohol,  dried  in  a  steam  oven,  and  weighed.  The  filtrate 
was  evaporated  on  a  steam-bath,  dried  to  constant  weight  in  the 
steam-oven,  and  the  weight  of  potassium  a-bromoaZ/ocrotonate  deter- 
mined.    In  a  few  cases  the  latter  was  determined  by  difference. 

The  results  for  the  alkalis  used,  expressed  as  percentage  yields  of 
the  acids  obtained,  are  given  in  the  following  table: 


Ten  grams  of  a)8-dibromobutyric  acid  treated  with  two  equivalents 
of  alkali  (strength  approx.  normal  except  where  otherwise  stated). 


Per  cent. 

Per  cent. 

yield  of 

yield  of 

o-bromo- 

a-bromo- 

crotonic 

aZ/ocrotonic 

Total 

Alkali. 

Couditior.s. 

acid. 

acid. 

yield. 

Potassium  hydroxide,  aqueous 

10—15°  for  24  hours 

3-35 

92-15 

96-50 

>>                )>              »i 

15   min.    on    gently 
boiling  water-bath 

6-54 

86-60 

93-15 

,,                ,,        alcoholic 

10—15°  for  24  hours 

9-45 

86  55 

96  00 

Sodium  hydroxide,  aqueous.. . 

10— 15°  for  3  days... 

8-50 

87-50 

96-00 

S»                             > J                               ?>              ••  • 

>)               jf 

10-40 

86-60 

97-00 

>J                  >>                    )» 

20   min.    on   gently 
boiling  water-bath 

6-55 

87-45 

95-00 

>>                  >>                    >l 

20   min.    on   gently 
l)oiling  water-bath 

7-03 

85-77 

92-80 

Ammonia,  aqueous  3iV 

10—15°  for  12  days 

Decomposition  incomplete 

,,         ,,      6  wieks 
50—60°  for    6  hours 
40—50°  ,,      6     „ 
4  monthsatordinaiy 

24-60 
4  80 
7  00 

59-90 
.50-70 
58-00 

84  -50 

>>                                  >»                         •• 

55-50 

>>                                  9t                        

65-00 

99                                 )>                        

Ammonia  in  mothyl-alcoholic 

1     temperature    

Decomposition  incomplete 

solution,  BN. 

15   min.  on  boilii  g 

1 

wat<r-bath 

8-10 

51-90 

60-00 

The  a-bromo-  and  a-bromoa/^o-crotonic  acids  were  recovered  from 
the  potassium  salts  in  each  case,  and,  after  recrystallising  once 
from  water,  melted  at  106 — 107°  and  92°  respectively. 

Experiments  were  also  carried  out  with  the  following  tertiary 
bases  and  alkaloids. 

Trimethi/lamine. — Eight  grams  of  aj3-dibromobutyric  acid  were  • 
treated   with    40    grams  of    trimethylamine    (two  equivalents)    in 
25  CO.   of  methyl  alcohol,  a  rise  of  temperature  taking   place  oti 
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Ynixing.  After  a  week  the  mixture  was  worked  up  as  described 
above,  and  yielded  an  84  per  cent,  yield  of  a-bromocrotonic  acids, 
consisting  of  45  per  cent,  of  o-bromo-  and  39  per  cent,  of  o-bromo- 
a//o-acid. 

The  remaining  experiments  were  carried  out  with  absolute  ethyl 
alcohol  as  solvent.  Ten  grams  of  a)3-dibromobutyric  acid  were 
treated  with  a  solution  of  two  equivalents  of  the  base  in  50  or 
100  c.c.  of  alcohol,  and  warmed  in  a  reflux  apparatus  over  a  gently 
boiling  water-bath  for  a  definite  time.  The  alcohol  was  then 
evaporated  off,  and  the  pro'ducts  worked  up  as  usual.  The  results 
are  given  in  the  following  table : 

Tolnme  Time  Per  cent.  Per  cent. 

of  of  of  of  Per  cent, 

solvent,  heating,  a-bromo-  o-bromo-  of  total 

Base.                   in  c.c.  in  hcurs.  acid.  aWoacid.  yield. 

Dimrthvlaniliue  ...         100  1  21-2  45  5*             700 

■„               ...           50  1  22  5  74-5                 970 

Pyridine    50  IJ  167  65  2                819 

50  1  20  5  710                91-5 

Qainoline 50  1  12  7  63  3                760 

Brucine KO  U  189  29  3*             50  7 

„      100  1  25-5  34  0*             60-5 

„      100  f  34-5  320                66-5 

„      ..         100  j  Decomposition  incomplete 

Cinchonidine    100  1  —  —                 64-8 

100  §  97  607                70-4 

Quinine 100  ^  10-9  53-2                641 

*  Slij^ht  loss  in  these  cases. 

Control  experiments  carried  out  with  dimethylaniline  showed  that 
neither  a-bromocrotonic  acid  nor  a-bromoa/Zocrotonic  acid  is  trans- 
formed into  its  isomeride  under  the  conditions  of  the  experiment. 
Two  grams  of  each  acid  were  separately  warmed  with  two  equivalents 
'if  the  base  in  alcohol  solution  for  an  hour.  After  working  up  in 
the  usual  manner,  180  grams  and  175  grams  respectively  of  the 
two  acids  were  recovered,  and  no  trace  of  the  isomeridcs. 

It  was  noticed,  however,  that  when  alcoholic  solutions  of 
potassium  a-bromoa//ocrotonate  were  kept  for  extended  periods  of 
time,  a  gradual  transformation  into  the  sparingly  soluble  o-bromo- 
crotonate  occurred.  Thus,  a  solution  of  2  grams  of  the  alto-sa,\t 
dissolved  in  20  grams  of  absolute  alcohol  deposited  027  gram  of 
the  isomeride  during  the  course  of  three  weeks. 

No  definite  conclusions  can  be  drawn  from  the  results  obtained, 
but,  considered  generally,  the  yield  of  o-bromocrotonic  acid  is 
greater  the  weaker  the  base  used  for  abstracting  hydrogen  bromide. 

Ill- — Preparation  of  Esters  of   a^-Dihromohutyric   Acid. 
i.thyl  hUtrr. — Micfiael  and  Browne  (Joe.  cit.)  describe  the  pre- 
paration of  the  ethyl  ester,  which  was  obtained  by  saturating  a 
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solution  of  one  part  of  the  acid  in  three  parts  of  absolute  alcohol 
with  dry  hydrogen  chloride,  the  solution  being  cooled  to  0°.  After 
twenty-four  hours,  the  liquid  was  poured  into  water  and  extracted 
with  ether,  the  ethereal  solution  shaken  with  sodium  carbonate 
solution,  and  dried  over  calcium  chloride.  By  distillation  under 
diminished  pressure,  they  obtained  a  heavy  oil,  boiling  at 
113— 114°/ 30  mm. 

This  preparation  has  been  repeated  three  times,  using  20  grams  of 
acid  for  each  experiment,  and  keeping  the  mixture  for  three  days. 
In  each  case  a  60  per  cent,  yield  of  ester,  consisting  of  a  heavy, 
colourless  liquid,  boiling  at  123 — 124°/ 30  mm.,  was  obtained. 
(Found,  Br -=58-35.     Calc,  Br  =  58-40  per  cent.) 

Methyl  Ester. — This  ester  was  obtained  by  a  method  similar  to 
the  above;  it  is  a  colourless  liquid,  boiling  at  103°/ 15  mm.  and 
125°/48  mm.     It  was  analysed  by  Stepanow's  method: 

0-2926  required  22-56i\^/10-AgNO3.     Br  =  61-59. 

CjHgOoBro  requires  Br  =  61-49  per  cent. 

Allyl  Ester. — This  was  prepared  by  dissolving  20  grams  of  the 
acid  in  50  grams  of  allyl  alcohol,  and  saturating  the  solution  with 
dry  hydrogen  chloride  at  0°.  After  three  weeks  the  lower  layer  of 
ester  was  separated,  dissolved  in  ether,  washed  with  dilute  sodium 
carbonate  solution  and  with  water,  and  dried.  The  ether  was 
removed,  and  the  ester  distilled  under  diminished  pressure.  A  65 
per  cent,  yield  of  a  colourless,  heavy  liquid,  boiling  at  141*5°/ 
30  mm.,  was  obtained  : 

0-3795  gave  0*4958  AgBr.     Br  =  55-62. 

C7Hio02Br2  requires  Br  =  55-94  per  cent. 

IV. — Decomposition  of  the  Esters  with  Potassium  Hydroxide. 

Michael  and  Browne  (loc.  cit.)  state  that  when  ethyl  a)8-dibromo- 
butyrate  is  decomposed  with  two  equivalents  of  alcoholic  potash 
by  warming  for  a  few  minutes  on  a  water-bath,  the  chief  product 
is  a-bromocrotonic  acid,  the  remainder  being  a  small  amount  cf 
an  acid  which  was  not  identified.  A  series  of  experiments  carried 
out  with  the  esters  described  above  shows  that  the  increase  in  the 
relative  amount  of  a-bromo-acid  obtained  in  this  case  is  not  neai'ly 
as  great  as  supposed  by  Michael,  and  differs  greatly  in  this  respect 
from  the  analogous  decomposition  of  cinnaraic  acid  dibromido 
(compare  Sudborough  and  Thompson,  loc.  cit.). 

Ethyl  Ester. — Ten  grams  of  the  ester  were  dissolved  in  an  equal 
weight  of  absolute  alcohol,  and  treated  with  two  equivalents  of 
10  per  cent,  alcoholic  potassium  hydroxide.  After  being  kept  over- 
night at  10 — 15°,  the  alcohol  was  evaporated  off,  the  acids  pre- 
cipitated with  dilute  hydrochloric  acid,  e::tracted  with  ether,  and 
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separated     as     previously     described.      Three    experiments    were 
performed : 


a-Bromo-acid, 

a-BromoaZ/o-acid, 

Total  yield, 

per  cent 

per  cent. 

per  cent. 

(1) 

17-6 

74-6 

92-2 

(2) 

20  7 

79-3 

100-0 

(3) 

20-3 

76-7 

97  0 

Methyl  Ester. — Three  experiments  were  carried  out  under  similar 
conditions  to  the  above,  using  methyl-alcoholic  potassium  hydroxide. 
The  total  yields  of  product  were  respectively  958,  100,  and  100  per 
cent.,  the  crude  acid  melting  in  each  case  at  89 — 90°.  When 
separation  was  attempted  in  the  usual  manner,  no  tra<;e  of 
potassium  o-bromocrotonate  separated  out  after  keeping  for  three 
hours.     The  product  therefore  consists  entirely  of  a??o-acid. 

Allyl  Ester. — One  experiment  was  performed,  in  which  10  grams 
of  the  ester  were  dissolved  in  acetone,  and  then  treated  with  two 
equivalents  of  aqueous  potassium  hydroxide,  sufficient  acetone  being 
added  to  render  the  solution  homogeneous.  After  keeping  over- 
night, the  acetone  was  evaporated  off,  and  the  solution  acidified,  the 
acids  being  extracted  and  separated  as  usual.  A  total  yield  of 
88' 9  per  cent,  of  the  mixed  acids  was  obtained,  consisting  of  14  4 
per  cent,  of  a-bromocrotonic  acid  and  74*5  per  cent,  of  a-bromo- 
ri//ocrotonic  acid. 

The  author  is  indebted  to  Dr.  J.  J.  Sudborough  for  his  advice  and 
interest  in  this  research. 

The  Edward  Davies  Chemical  Laboratories, 
Abkrys'iwyth. 


CXLVI. — Freezing-point    Curve  jar    Mixtures    of 
Caraphor  and  Phenol. 

By  John  Kerfoot  Wood  and  Janet  Drcmmond  Scott. 
Pharmacologists  are  well  acquainted  with  the  fact  that  when  a 
small  amount  of  camphor  is  added  to  phenol,  the  mixture  assumes 
the  liquid  state,  and  remains  in  that  condition  even  when  cooled 
to  temperatures  considerably  below  the  freezing  point  of  phenol. 
This  liquefaction  might  simply  be  due  to  the  camphor  dissolving 
in  the  phenol,  thereby  lowering  the  freezing  point  of  the  latter; 
a  second  reason  for  the  liquefaction  might  be  the  formation  of  a 
compound  of  the  two  substances,  the  freezing  point  of  the  com- 
pound being  lower  than  that  of  phenol.  Leger  (Compt.  rend., 
vol..    XCVIL  5   L 
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1890,  111,  109)  has  stated  that  phenol  and  camphor  unite  to  form 
two  compounds,  a  monocamphoride  melting  at  —23°,  and  a  hemi- 
camphoride  which  remained  in  the  liquid  state  even  when  cooled 
to  —50°.  Should  these  statements  be  correct,  the  liquefaction 
which  succeeds  the  addition  of  camphor  to  phenol  is  easily 
explained.  A  reference  to  Leger's  paper  will  show,  however,  that 
these  conclusions  were  drawn  from  what,  according  to  modern 
physico-chemical  ideas,  would  be  regarded  as  very  slight  and 
insufficient  experimental  evidence.  This  fact,  coupled  with  the 
natural  interest  of  the  subject,  and  the  additional  fact  that  state- 
ments of  Leger's  relating  to  mixtures  of  camphor  with  the 
naphthols  and  other  phenolic  substances  have  recently  been  dis- 
proved by  Caille  (Comft.  rend.,  1909,  148,  1458),  led  the  authors 
to  re-investigate  the  subject. 

In  any  such  investigation,  trustworthy  results  can  only  be 
obtained  by  examining  the  behaviour  of  a  large  number  of  mixtures 
containing  the  two  components  in  varying  proportions.  By  con- 
structing, therefore,  the  complete  freezing-point  curve  for  all 
mixtures  ranging  from  pure  phenol  on  the  one  hand  to  pure 
camphor  on  the  other,  it  will  be  possible  to  say,  from  the  form  of 
the  curve,  whether  compounds  of  phenol  and  camphor  are  produced 
or  not  when  the  two  substances  are  mixed. 

The  phenol  used  for  the*  experiments  was  obtained  from 
Kahlbaum,  and  was  freed  by  distillation  from  any  small  amount 
of  water  which  it  might  contain.  The  camphor  was  the  best  Japan 
variety.  The  results  obtained  from  determinations  of  the  melting 
points  showed  both  substances  to  be  quite  pure. 

Suitable  amounts  of  the  two  substances  were  weighed  into  a  large 
test-tube,  and  were  completely  mixed  by  melting  them  together. 
The  tube  was  then  surrounded  by  a  wider  one,  thus  forming  an 
air  jacket,  and  the  whole  placed  in  a  vessel  filled  with  a  suitable 
cooling  medium.  For  the  mixtures  which  contained  only  small 
amounts  of  camphor,  water  formed  a  suitable  cooling  agent,  whilst 
in  the  case  of  mixtures  in  which  only  small  quantities  of  phenol 
were  present,  the  outer  vessel  was  filled  with  hot  mineral  oil.  For 
the  cooling  of  the  other  mixtures,  mixtures  of  ice  and  salt  or  of 
alcohol  and  solid  carbon  dioxide  were  employed.  Uniformity  of 
temperature  in  the  mixture  undergoing  examination  was  secured 
in  most  cases  by  means  of  a  mechanical  stirring  arrangement; 
with  some  of  the  mixtures  stirring  was  difficult,  because  of  the 
great  viscosity  of  the  mixture.  Various  thermometers  were  used 
to  indicate  the  freezing  point  of  the  mixtures,  a  pentane  thermo- 
meter being  used  to  record  the  lowest  temperatures.  The  different 
thermometers   were   compared    with   one  another,  and  a  table   of 
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corrections  compiled,  by  means  of  which  the  readings  given  by 
different  instruments  could  be  made  comparable.  The  commence- 
ment of  freezing  was  quite  apparent  in  the  case  of  the  mixtures 
containing  small  amounts  of  camphor,  but  with  all  other  kinds  of 
mixtures  the  most  satisfactory  way  to  detect  the  freezing  point  was 
found  to  be  to  measure  the  rate  of  cooling  of  the  mixture,  and 
note  the  point  at  which  that  rate  changed.  The  change  in  the 
rate  of  cooling  was  in  some  cases  of  small  dimensions,  thus  making 
io  a  matter  of  some  diflBculty  to  accurately  determine  the  freezing 
point.  It  may  also  be  mentioned  that  with  those  mixtures  which 
contained  large  amounts  of  camphor,  it  was  difficult  to  see  when 
the  camphor  began  to  separate,  owing  to  the  refractive  indices 
of  the  liquid  and  the  solid  being  very  nearly  equal.  On  account 
of  these  difficulties,  coupled  with  the  difficulty  of  stirring  already 
mentioned,  many  of  the  temperatures  given  in  the  table  of  results 
may  be  subject  to  an  error  which  may  amount  to  1°.  Several 
determinations  of  the  freezing  point  were,  as  a  rule,  made  with 
each  mixture,  the  results  of  the  different  experiments  being,  for  the 
most  part,  in  close  agreement  when  due  allowance  is  made  for  the 
above-mentioned  experimental  difficulties. 

In  order  to  prevent  the  mixture  from  being  too  greatly  under- 
cooled,  the  consequence  of  which  would,  in  all  probability,  be  the 


Table  of  Results. 


Ptrceiitago  Molecular 

of  caiiijilior     jterccDtagfi  Freezing 

in  mixture,    of  camphor.         point. 

0  00  0  00  40-3 

2-32  1-41  39  0 

4-53  2-85  37-5 

6-87  4-36  361 

9-42  604  34-2 

14-86  9-75  297 

20-31  13-61  25-0 

21-64  14-59  22  0 

24-10  16-42  190 

25-10  17-40  16-1 

28-52  19-79  105 

28-92  2010  7-9 

30-31  21-19  5-0 

32-64  23-05  2  4 

34-50  24  57  -3-0 

38-57  27-97  -157 

89-62  28  78  -22  5 

40-36  29-50         {  Z^.^ 

42-43  31-31  -25-7 

44-90  3Z-51  -23-6 

49-99  3819  -20-4 

52-52  39-88  -22-6 

65  80  43  84  -20*0 

58-73  46-80  -19-0 


1      Percentage 

Molecular 

of  camphor 

j)ercent;ige 

Freezing 

in  mixture. 

of  Ciimphor. 

point. 

61-51 

49-71 

-20-1 

G-2-21 

50-46 

-18-7 

6412 

51-22 

-19-0 

66-64 

55-28 

-19-3 

67-53 

56-27 

-16-7 

67-74 

56-48 

-20-1 

69-32 

68-29 

-15  9 

70-12 

59-21 

/  -26-4 
-32  0 

71-48 

60-78 

-13-8 

72-24 

61-67 

-13-5 

73-37 

63-02 

-01 

76-58 

66-91 

29-5 

79-73 

70-87 

60-7 

81-07 

72-59 

67  5 

8219 

74  06 

77-0 

82-88 

74-96 

80-0 

84-72 

77-43 

88-0 

88-86 

83-14 

112  0 

90-65 

85  69 

128-0 

92-55 

88-47 

140-0 

94-06 

90-72 

151-0 

95-98 

93  65 

168-0 

100-00 

100-00 

174-6 

5  L  2 
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obtaining  of  too  low  values  for  the  freezing  points,  the  mixture 
was  inocculated  at  a  temperature  near  to  that  at  which  freezing 
was  expected  to  take  place  with  small  amounts  of  phenol  or 
camphor,  according  to  which  substance  was  separating  out  during 
freezing.     The  identity  of  the  substance  separating  from  any  given 
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Phenol.  Molecular  peruntage  of  camphor.  Camphor. 

mixture  was  established  by  filtering  off  a  portion  of  the  solid  and, 
after  thoroughly  draining  on  porous  tile,  determining  its  melting 
point. 

The  curve  showing  the  relation  between  the  composition  of  the 
mixture  and  the  freezing  point  is  shown  in  the  accompanying 
figure.     It  will  be  observed   that  the  curve   is  made  up  of   three 
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distinct  portions,  namely,  A  B,  BC,  and  CD ;  this  fact  indicates  that 
the  phenol  and  camphor  actually  combine  to  form  a  compound. 
The  composition  of  this  compound  and  its  limits  of  stability  are 
most  readily  seen  by  plotting,  as  has  been  done  in  the  figure,  the 
ratio  between  the  number  of  molecules  of  each  component  in  a 
given  mixture  instead  of  the  relative  weights  of  the  two  substances. 
On  referring  to  the  figure,  it  will  be  seen  that  the  portion  BG, 
which  corresponds  with  the  compound,  reaches  its  greatest  altitude 
at  a  point  which  corresponds  with  a  molecular  percentage  of 
camphor  of  50.  Now  the  highest  point  of  such  a  curve  indicates 
the  composition  and  freezing  point  of  the  pure  compound;  at  this 
point  the  solid  which  separates  and  the  liquid  with  which  it  is  in 
contact  have  the  same  composition.  It  is  obvious,  therefore,  that 
in  the  case  of  the  compound  of  phenol  and  camphor,  the  two  simple 
substances  are  united  in  equimolecular  proportions,  and  that  the 
freezing  point  of  the  compound  is  about  — 186°.  The  results  of 
the  authors'  experiments  confirm,  therefore,  the  statement  of 
Leger  as  to  the  existence  of  a  monocamphoride  of  phenol,  while  the 
freezing  point  of  the  compound,  as  found  by  the  authors,  is  in 
fairly  close  agreement  with  the  melting  point  given  by  Leger. 

When  the  two  components  are  not  present  in  equimolecular 
proportions,  the  freezing  point  of  the  mixture  is  lower  than  that 
of  the  pure  compound,  and  falls  towards  B  ox  C  respectively, 
according  as  to  whether  it  is  phenol  or  camphor  which  is  in  excess. 
The  points  B  and  C  are  eutectic  points,  and  represent  the  limits 
of  stability  of  the  compound.  When  the  ratio  between  the 
molecular  proportions  of  phenol  and  camphor  exceeds  that  of 
10  b :  295,  or  falls  below  that  of  about  40 :  60,  the  compound 
can  no  longer  exist  in  equilibrium  with  the  liquid;  in  the  former 
case,  phenol  will  separate  out  when  the  mixture  freezes,  and  in 
the  latter  case  camphor.  The  lower  freezing  point  given  in  the 
table  of  results  for  the  mixtures  containing  molecular  percentages 
of  camphor  of  295  and  5921  represent  the  freezing  points  of  the 
eulectic  mixtures. 

No  indication  was  obtained  by  the  authors  as  to  the  existence  of 
a  compound  formed  by  the  union  of  two  molecules  of  phenol  with 
one  of  camphor,  as  was  stated  to  be  the  case  by  Leger;  his  state- 
ment as  to  the  possibility  of  cooling  the  mixture  to  —  50°  without 
freezing  taking  place  is  in  agreement  with  some  of  the  authors' 
observations,  they  having  noticed  that  mixtures  in  the  neighbour- 
hood of  the  eutectic  point  B  can  often  be  greatly  supercooled 
without  freezing  ensuing. 

It  will  be  observed  from  the  curve  that  two  or  three  of  the  points 
in  the  neighbourhood  of  the  eutectic  point  C  do  not  fall  on   the 
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curve.  It  might  be  considered  that  these  points  lie  on  another 
curve,  shown  by  the  dotted  line  in  the  figure;  if  such  were  the 
case  it  would  show  the  existence  of  a  second  compound,  the  com- 
position of  which  would  be  shown  by  the  summit  G  of  the  curve, 
that  is,  a  compound  of  two  molecules  of  camphor  with  one  of 
phenol.  The  authors  do  not  take  the  latter  view  because  of  the 
quite  definite  eutectic  point  obtained  with  the  59"21  per  cent, 
mixture,  and  because  with  mixtures  having  almost  the  same  com- 
position as  those  which  gave  the  discordant  results,  figures  were 
obtained  which  fall  naturally  on  the  portion  BG  of  the  curve. 
The  points  in  question  must  therefore  be  considered  as  due  to 
errors  in  the  determination  of  the  freezing  point,  probably  arising 
from  one  or  other  of  the  causes  mentioned  in  the  earlier  part 
of  the  paper. 

unrversity  collf.ge, 
Dundee. 


CXLVII. — Morphological  Studies  of  Benzene  Derivatives. 
Part  I.     Introductory* 

By  Henry  E.  Armstrong. 

In  this  series  of  communications  a  description  will  be  given  of  the 
results  of  an  inquiry  which  has  been  carried  on  in  the  laboratory 
under  my  charge  at  the  City  and  Guilds  Central  Technical  College, 
during  many  years  past,  whenever  I  could  secure  the  assistance  of 
competent  workers.  A  brief  reference  to  the  work  which  gave  rise 
to  it  is  to  be  found  in  the  Proceedings  of  March  3rd,  1892  (p.  40), 
under  the  title,  "  The  Relative  Orienting  Effect  of  Ghlorine  and 
Bromine.  I. — The  Constitution  of  Parahrom-  and  Parachlor- 
anilinestdphonic  Acids  "  by  Henry  E.  Armstrong  and  J.  F.  Briggs. 
With  the  object  of  ascertaining  whether  any  diflference  in  the 
orienting  influence  of  the  two  halogen  elements  could  be  detected, 
we  had  sulphonated  p-chlorobromobenzene :  the  product  appeared 
to  be  a  single  substance;  the  results  we  obtained  on  contrasting  it 
with  the  sulphonic  acids  prepared  from  p-chlor-  and  2>-})roni- 
anilinesulphonic  acids  respectively  also  led  us  to  assume  that  the 
sulphonic  radicle  occupied  the  ortho-position  relatively  to  the 
chlorine  atom. 

*  In  this  aud  the  following  paper  the  authors  have  not  always  used  the  nomencla- 
ture adopted  by  the  Publication  Committee  of  the  Chemical  Society  :  for  example, 
they  prefer  "ethylic  salt"  to  "ethyl  ester." 
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In  view  of  the  fact  that  corresponding  chloro-  and  bromo- 
derivatives  differ  but  very  slightly  in  general  behaviour,  however, 
the  apparently  exclusive  attraction  of  the  sulphonic  radicle  by 
chlorine  rather  than  by  bromine  was  more  than  surprising;  the 
subject  was  therefore  made  the  object  of  further  study. 

In  1895,  with  the  assistance  of  Mr.  W.  T.  Gidden,  an  exhaustive 
examination  was  made  of  the  acids  obtained  on  sulphonating 
jj-chloT-  and  p-brom-aniline  under  various  conditions.  Mr.  Briggs, 
following  the  directions  given  by  Claus  and  Mann  (Annalen,  1891, 
265,  87),  had  mixed  the  aniline  sulphate  with  eight  times  its 
weight  of  an  acid  containing  15  per  cent,  of  anhydride  and  heated 
the  mixture  on  the  water-bath  during  four  hours.  In  each  case 
only  the  meta-acid  was  isolated.* 

Little  was  known  at  the  time  of  the  ortho-acids.  Various 
methods  of  preparing  these  were  tried.  A  mixture  of  'p-hvom- 
aniline  sulphate  with  a  molecular  proportion  of  sulphuric  acid 
(100  per  cent,  acid)  was  heated  at  200 — 220°  during  three  hours; 
the  ortho-acid  only  was  formed  but  the  yield  was  very  small. 
Better  results  were  obtained  by  Limpricht's  method — by  heating  the 
sulphonate  at  about  200°.  At  about  this  time  Kreis  described  a 
method  of  preparing  the  ortho-acid  {Annalen,  1895,  286,  377), 
which  involved  heating  rapidly,  in  an  open  dish,  a  mixture  of 
2;-bromacetanilide  and  an  equivalent  proportion  of  ordinary  con- 
centrated sulphuric  acid  until  the  acetic  acid  was  expelled,  then 
baking  the  salt  in  an  air-oven  at  180°.  This  method  was  found  to 
^'ive  excellent  results  and  to  be  equally  applicable  to  p-chlor- 
acetanilide,  only  the  ortho-acid  being  formed. 

The  fact  that  on  heating  the  sulphate  with  a  large  excess  of 
fuming  acid  it  was  converted  into  the  metaracid,  whilst  the  ortho- 
acid  was  produced  when  only  a  single  molecular  proportion  of 
sulphuric  acid  was  used,  called  for  an  explanation ;  it  appeared  not 
improbable  that  the  meta-acid  might  have  been  formed  by  the 
conversion  of  the  ortho-mono-acid  produced  at  first  into  an  unstable 
ortho-metardisulphonic  acid,  which  was  subsequently  deprived  of  its 
ortho-sulphonic  radicle.  On  sulphonation,  however,  the  ortho- 
mono-sulphonic  acid  gave  rise  only  to  a  diortho-disulphonic  acid : 
it  was  therefore  to  be  supposed  that  the  ortho-  and  meta-acids  were 
products  of  distinctly  different  operations.  This  observation  led 
me  to  institute  a  general  inquiry  into  the  process  of  sulphonation : 
of  this  only  brief  accounts  have  been  published  (compare  Proc, 
1900,  16,  159;  Brit.  As.^oc.  Report,  Dover,  1899,  p.  683).     I  hope 

I^t«r  observations  show  that,  on  sulphonating  p-chlor-  and  ;>-l>rom-acet- 
anilide  with  fuming  acid,  a  small  proportion  of  ortho-acid  \b  also  formed  ;  whether 
this  be  the  case  when  the  sulphate  is  used  is  now  being  ascertained. 
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to  bring  the  work  under  the  notice  of  the  Society  at  an  early 
date,  partly  in  connexion  with  the  chemical  side  of  the  inquiry 
now  under  consideration  and  in  further  discussion  of  the  "  laws  " 
which  govern  substitution  in  benzenoid  compounds. 

Two  isomeric  ^J-chlorobromobenzenesulphonic  acids  were  obtained 
from  the  two  isomeric  y-chloraniline-  and  also  from  the  ^^-brom- 
aniline-o-  and  -m-sulphonic  acids,  corresponding  pairs  of  the  amino- 
acids  yielding  isomeric  acids  when  the  amino-radicle  was  displaced 
by  halogen.  The  sulphonic  chloride  of  the  one  chlorobromo- 
sulphonic  acid  melted  at  66°,  that  of  the  other  at  46°;  mixtures 
of  the  two  melted  at  intermediate  temperatures,  the  melting  point 
varying  as  the  composition  of  the  mixture  was  varied  according  to 
a  linear  law :  the  behaviour  of  the  two  compounds,  in  fact,  was  in 
all  respects  that  of  isomorphous  substances. 

The  product  obtained  on  sulphonating  ^'"Chlorobromobenzene 
gave  a  sulphonic  chloride  melting  at  about  the  temperature  of  a 
mixture  of  equal  proportions  of  the  two  sulphonic  chlorides; 
numerous  attempts  were  made  to  separate  the  two  acids  of  which 
it  undoubtedly  consisted  by  fractionally  crystallising  various  salts 
and  other  derivatives  but  these  were  all  unsuccessful. 

The  mistake  Mr.  Briggs  and  I  had  made  in  assuming  that  only 
a  single  acid  was  formed  was  admitted  in  a  note  communicated  to 
the  British  Association  at  Dover  in  1899  {Report,  p.  687). 

I  determined  to  extend  the  inquiry  on  the  crystallographic  side, 
with  the  help  of  Mr.  Gidden,  to  the  complete  series  of  sulphonic 
chlorides  and  bromides  derivable  from  the  p-dichloro-,  y-dibromo-  and 
2?-chlorobromo-benzenesulphonic  acids  represented  by  the  formulae : 


CI 

/\ 

1              f 

CI 
.^NsOoH 

01 

Br 

CI 

(I.) 

Br 

(II.) 

Br 

(III.) 

Br 

(IV.) 

We  were  able  to  prepare  five  of  the  eight  allied  compounds  in 
measurable  form  but  were  unable  to  obtain  satisfactory  crystals 
of  the  chloride  of  both  I  and  III  and  did  not  succeed  even  in 
preparing  the  bromide  of  the  latter.  The  five  compounds  measured 
proved  to  be  strictly  isomorphous  and  no  indication  of  poly- 
morphism was  observed  during  their  examination ;  it  was  found, 
however,  that  the  ethylic  salt  prepared  from  II  stood  in  close 
morphotropic  relationship  with  the  chlorides  but  was  not  iso- 
morphous with  them.  The  chlorides  and  bromides  all  crystallised 
in  the  monosymmetric  system,  the  ethylic  salt  in  the  orthorhombic. 
The  following  data  obtained  at  this  time  show  how  small  were 
the  differences  observed  between  the  various  compounds  and  par- 
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ticularly  that  less  alteration  in  crystalline  form  is  involved  in  the 
change  from  sulphonic  chloride  to  bromide  than  is  produced  by 
substituting  chlorine  for  bromine  in  the  benzene  nucleus. 

Geometrical  Constants. 

Angle 

Axial  ratios.  Angle.  110  :  110. 

CI  :  Br  :  S0,C1=1  :  4  :  2  11778  :  1  :  2-6216  108°44'23"  96"16' 

CI  :  Br  :  SO^Br  =  l  :  4  :  2  1-1708  :  1  :  26250  107  35  21  96  17 

Br:  Br  :  SOjCl-^l  :  4  :  2  1-1456:1:2-6331  110  20  26  94    6 

Br:Br  :S02Br=l  :4  :2  11516:1:2  6635  109    6  43  94  50 

CI  :  CI  :  SOgBr^l  :  4  :  2  11664:1:2  5861  107  47  42  96    0 

In  communicating  our  results  to  the  British  Association  at  Dover 
(1899),  I  stated  that  I  had  formed  the  plan  of  extending  the 
inquiry  to  the  1 :  3-  and  1 :  2-di-derivatives  of  benzene  containing 
halogens.  I  was  able  to  announce  that  Dr.  E.  C.  Jee  had  already 
measured  the  compounds  of  the  1:3:  4-series  and  had  discovered 
that  they  formed  a  remarkable  isotrimoi-phous  group  bearing  no 
apparent  relationship  to  the  para-series. 

The  following  year  (1900)  at  Bradford,  it  was  stated  in  the  First 
Report  of  the  Committee  on  Isomorphous  Derivatives  of  Benzene 
(p.  167)  that  the  series  included  anorthic,  orthorhombic  and  mono- 
symmetric  terms,  as  shown  in  the  following  table : 

Crystallographic  system. 


Orientation. 


Oitho-  Mono- 


No.  1.  3.  4.  Anorthic.         rhombic.  symmetric. 

1  CI  CI  SOaBr  stable 

2  CI  Br  SOoBr  stable 

3  Br  CI  SO.]Br  stHble 

4  Br  Br  SOjBr  labile  — >■    stable 

5  Br  Br  S0.,C1  (labile)  — >    stable  labile 

6  Br  CI  SOaCl  stable  labile 

7  CI  Br  SO2CI  labile     — >    stable 

8  CI  CI  SO2CI  labile     — >■    stable 

Of  these  eight  substances,  it  was  pointed  out,  three  are  stable 
in  the  anorthic  system,  three  in  the  orthorhombic  system  and  two 
in  the  monosymmetric  system.  Change  of  the  one  form  into  the 
other  had  been  observed  in  four  cases  (4,  5,  7,  8)  on  allowing  the 
fused  substance  to  cool  on  a  microscopic  slide,  the  direction  of  the 
change  in  each  case  being  that  indicated  in  the  table  by  an  arrow. 
A  labile  anorthic  form  of  dibromobenzenesulphonic  bromide  (4) 
had  been  crystallised  out  from  solution;  moreover,  it  had  been 
found  that  each  of  the  four  sulphonic  chlorides  (5 — 8)  can  be 
caused  to  crystallise  in  the  alternative  system  by  admixture  with  a 
sulphonic  chloride  which  usually  separates  in  that  system.  It  had 
been  possible  to  determine  the  symmetry  of  all  the  forms  referred 
to  in  the  table  by  crystallographic   measurement,   with   the  single 
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exception  of  the  labile  anorthic  form  of  dibromobenzenesulphonic 
chloride  but  the  existence  of  this  form  was  indicated  by  the 
dimorphous  change  which  occurs  on  cooling  from  the  melting  point 
to  atmospheric  temperature. 

In  1902,  at  Belfast,  I  was  able  to  report  that  Dr.  Jee  had  also 
practically  completed  the  examination  of  the  second  of  the  three 
series  of  1 :  3-derivatives  (the  1:3:  5-sulphonic  series)  and  that 
these  constituted  an  isotetr amorphous  group,  as  shown  in  the 
following  table : 

Crystallographic  systems. 


1 

Orientation 

1. 

'                ^ 

No. 

1. 

3. 

5. 

Anorthic. 

Mono- 
symmetric. 

Mono- 
symmetric. 

Anorthic, 

] 

CI 

CI 

SOaBr 

stable 

stable 

2 

CI 

Br 

SOgBr 

stable 

3 

Br 

Br 

SOgBr 

stable 

labile 

4 

Br 

Br 

SOjCl 

stable 

5 

Br 

CI 

S0.,C1 

stable 

6 

CI 

CI 

SOoCl 

stable 

In  this  series  also  the  dibromobenzenesulphonic  bromide  is  the 
means  of  establishing  the  relationships  between  the  various  terms, 
having  been  obtained  in  two  distinct  forms.  But  in  comparison 
with  the  1:3:  4-series,  the  order  of  stability  is  reversed,  the 
transition  temperature  becoming  lower  in  passing  down  the  series. 

The  third  1 : 3(2  sulphonic)-series  has  given  the  greatest  trouble 
and  up  to  the  present  time  I  have  succeeded  in  obtaining  only  one 
of  its  terms. 

In  the  case  of  the  1 :  2-series,  five  of  the  eight  terms  of  the 
1:2:  4-series  have  been  measured  by  Mr.  H.  Harding,  namely,  the 
chlorides  derived  from  acids  I,  II  and  IV  and  the  bromide  of  II : 


CI 


CI 


Br 


Br 


CI 

/ 
SO3H 

(I.) 


Br 


SOgH 


CI 


(II.) 


SOgH 

(III.) 


Br 

SOgH 

(IV.) 


Of  the  chlorides,  I  and  II  are  practically  identical  in  form ;  the 
chloride  of  IV  has  been  obtained  in  a  distinct  form,  belonging, 
however,  to  the  same  crystalline  system  as  I.  The  bromide  of  II 
has  been  obtained  in  both  forms,  so  that  it  establishes  a  connecting 
link  between  the  two  isomorphous  series  which  evidently  exist.  In 
this  series,  the  measurements  are  made  with  particular  difficulty, 
owing  to  the  low  melting  points  of  the  compounds  and  their  marked 
tendency  to  crystallise  in  very  thin,  micaceous  plates.  Several 
anilides  of  this  series  have  been  examined  and  found  to  exist  in 
two  forms. 
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The  difficulties  connected  with  the  preparation  of  the  second 
1 :  2-series  [the  1 :  2(3  sulphonic)-derivatives]  are  not  yet  overcome. 

In  planning  the  inquiry,  I  hoped  that  it  would  be  possible 
eventually  to  deduce  from  the  data  obtained  definite  conclusions 
permitting  of  the  correlation  of  external  form  with  internal 
molecular  structure.  The  regular  relationships  discovered  in  the 
course  of  the  work  served  to  justify  this  expectation  but  there 
was  no  obvious  mode  of  discussing  the  data  with  such  an  object  in 
view.  I  hesitated  to  publish  results  which  I  could  not  interpret 
in  some  definite  manner.  At  this  juncture  the  masterly  memoir  of 
Barlow  and  Pope  was  published,  connecting  crystalline  form  with 
molecular  configuration;  hope  arose  in  my  mind  that  it  would 
be  possible  to  interpret  our  data  in  the  light  of  their  views. 

It  appeared  desirable  to  deal  first  with  the  1 :  4-series,  in  which 
the  simplest  relationships  prevailed  between  individual  members. 
I  was  fortunate  in  securing  the  assistance  of  two  of  my  students, 
Messrs.  Colgate  and  Rodd.  With  their  aid,  the  earlier  work  has 
been  revised  and  the  series  extended,  so  as  to  include  the  1 :  4-iodo- 
as  well  as  the  chloro-  and  bromo-derivatives  and  a  variety  of 
sulphonates — ethereal  salts  and  simple  and  substituted  amides — 
twenty-nine  in  all.  The  results  at  which  they  have  arrived, 
described  in  the  following  memoir,  appear  to  afford  clear  proof  of 
the  existence  of  a  benzene  framework  in  all  the  molecules;  it  would 
j^em  thprefore,  taking  also  into  account  the  results  previously  ai-rived 
at  by  Jerusalem  in  the  case  of  certain  nitro-compounds,  that  the 
scheme  put  forward  by  Barlow  and  Pope  is  one  which  will  embrace 
the  benzenoid  compounds  generally. 

Dr.  Jee's  and  Mr.  Harding's  measurements  of  compounds  of  the 
1 :  3-  and  1 :  2-series  will  be  described  and  discussed  in  later  com- 
munications; the  conclusions  that  can  be  deduced  from  them  appear 
lo  be  similar  to  those  arrived  at  in  the  case  of  the  1 :  4-compounds, 

A  clue  having  been  found,  I  hope  at  no  distant  date  to  complete 
the  task  which  I  have  undertaken  and  that  it  will  then  be  possible 
to  discuss  and  define  the  manner  in  which  the  superstructure  is 
erected  upon  the  benzene  framework.  The  material  collected  will 
also  need  discussion  in  other  directions. 

When  the  series  is  completed,  if  only  the  sulphonic  chlorides  and 
romides  of  the  dichloro-,  dibromo-  and  bromochloro-benzenes  are 
measured,  forty-four  different  types  of  compound  will  have  been 
fxamined.  Thirty  of  these  have  been  measured  already.  We  shall 
t  hen  have  ascertained  the  angles,  so  to  speak,  of  almost  every  possible 
facet  that  can  be  developed  on  the  benzene  molecule.  If,  as  appears 
to  be  probable,  a  substructure  of  benzene  be  alwaj^  revealed,  what- 
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ever  the  nature  of  the  compound,  the  proof  will  be  compete  that 
the  structural  elements  preserve  their  individuality  in  the  molecule. 
To  have  arrived  at  such  a  result  will  be  more  than  ample  reward 
for  the  large  amount  of  time  and  labour  spent  on  the  inquiry. 
Those  engaged  in  the  study  of  constitution  have  long  been  satisfied 
that  they  are  dealing  with  realities  and  that  the  formulae  in 
which  they  have  expressed  their  conclusions  must  be  given  actual 
value.  Structural  formulae,  however,  are  as  much  symbolic  of 
function  as  of  the  relative  arrangement  of  the  parts;  that  it  should 
be  possible  to  go  further  and  define  the  position  of  these  parts  in 
space  and  the  geometrical  outcome  of  their  arrangement  is  a 
remarkable  achievement  in  which  chemists  may  well  take  pride. 

I  would  urge  in  conclusion  that  the  value  of  crystallography  to 
the  chemist  should  be  more  fully  recognised.  The  discipline  the 
study  affords  is  in  itself  of  very  great  value.  But  it  is  only  right 
that  the  chemist  should  understand  and  be  able  to  use  the  language 
in  which  alone  the  crystalline  substances  he  prepares  can  be 
described.  Analysis  is  not  a  means  of  defining  any  particular 
substance;  but  if  crystalline  form  be  determined,  a  substance  is 
defined  for  all  time  and  can  always  be  recognised. 

The  early  stages  of  this  work  were  carried  out  with  the  assistance 
of  Mr.  Pope,  then  Instructor  of  Crystallography  in  our  College; 
later  workers  have  been  aided  by  Dr.  Lowry,  his  successor.  I  have 
to  thank  both  these  gentlemen.  We  are  also  greatly  indebted  to 
Prof.  Pope  for  the  aid  he  has  given  us  in  our  recent  discussion  of 
the  data.  I  have  also  to  acknowledge  the  help  I  have  received  from 
the  Government  Grant  Fund  of  the  Royal  Society  and  from  the 
British  Association. 

Chemical  DEPAurMKNT, 

City  and  Guilds  of  London  Institute, 

Central  Technical  College, 

S.  Kenhington,  London. 
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CXLVIII. — Morphological   Studies   of   Benzene    Deriv- 
atives.     Part   II.      Sulphonic   Derivatives   of  the 
1  :  4:-D{-derivatives  of  Benzene  containing  Halogens. 
By  Reginald  Thomas  Colgate   and  Ernest  Harry  Rodd. 

Nine  sulphonic  acids  of  benzene  are  possible  containing  two  halogen 
atoms — either  chlorine,  bromine  or  iodine — in  the  paia-position  in  the 
nucleus ;  simpler  derivatives  of  all  of  these  have  been  prepared 
and  have  been  subjected  to  careful  goniometric  examination.  The 
axial  ratios  and  other  quantities  connected  therewith  are  stated  in 
tlie  table  on  p.  1590.  All  the  compounds  examined  crystallise  in  the 
monosymmetric  system,  excepting  those  numbered  28  and  29,  which 
are  orthorhombic. 

The  nine  possible  sulphonic  chlorides  have  all  been  obtained  in 
a  form  suitable  for  measui'ement  but  several  of  the  corresponding 
bromides  have  not  yet  been  isolated,  as  difficulties  attend  their 
preparation  ;  all  that  have  been  examined  fall  into  one  or  other  of 
two  crystallographic  groups ;  in  each  of  these  groups  the  individual 
members  have  similar  geometrical  constants  and  aie  similar  in  habit 
and  general  cryst:«lline  form.  The  first  group  includes  the  substances 
numbered  1  to  12  in  the  table;  the  second  comprises  substances  13, 
\\  and  15.  It  is  noteworthy  that  each  series  includes  one  of  the 
i;-omeric  chloriodobenzenesulphonic  chlorides  but  that  the  sulphonic 
bromide  of  the  1:4:  2-sulphonic  acid  occurs  in  the  same  series  as 
the  chloride  of  the  isomeric  1:4: 3-acid.  This  behaviour  is  an 
indication  of  isodimorphism,  and  on  one  occasion  a  crop  of  crystals  of 
a  labile  modification  of  the  1  :  4-icdochlorobenzene-2- sulphonic  chloride 
was  actually  obtained  :  these  crystals  rapidly  became  cloudy  and 
opaque  after  removal  from  the  benzene  solution  but  melted  at  70°, 
the  melting  point  of  the  stable  form.  Apparently  the  labile  form 
can  be  obtained  by  suddenly  cooling  the  molten  substance,  as  when 
thus  treated  the  compound  melts  at  62°.  In  the  case  of  1  : 4-bromo- 
iodobenzene-2-3ulphonic  chloride^  not  only  was  a  similar  crop  of  labile 
crybtals  obtained  but  it  was  found  possible  to  measure  it.  The  result 
showed  clearly  that  the  modification  belongs  to  the  first  or  large 
group;  the  stable  modification,  which  we  have  not  yet  obtained  in 
measurable  form,  is  presumably  a  member  of  the  second  group. 

Although  the  axial  ratios  of  the  members  of  the  two  series  are 
widely  different,  on  comparing  their  equivalence  parameters  it  is 
obvious  that  the  substances  are  closely  related.* 

As  defined  by  Barlow  and   Pope,   the  equivalence   parameters   represent   the 
dinien&ions  of  a  paralklopipedon   tl>o  edges  of  which  are  iwr.ilU  1    with   and  i  ro- 
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Barlow  and  Pope  have*shown  that  two  alternative  modes  exist  of 
close-packing  the  benzene  units  or  molecules  in  homogeneous  arrange- 
ment (Trans.,  1906,  89,  1699);  these  are  derived  respectively  from 
the  hexagonal  and  the  cubic  closest-packed  arrangement  of  equal 
spheres.  The  former  type  of  arrangement  is  exhibited  in  the  known 
orthorhombic  modification  of  benzene,  which  has  the  axial  ratios 
a  -.h  '.  c  =  0*891  :  1  :  0799,  Barlow  and  Pope  having  shown  clearly  that 
these  constants  are  obtainable  by  a  slight  distortion  of  the  completely 
hexagonal  mode  of  packing  the  benzene  units  ;  this  arrangement  is 
known  as  the  hexagonal  marshalling  of  the  benzene  units.  Calculating 
from  these  axial  ratios  and  taking  into  account  the  valency  volume  of 
the  hydrocarbon  (W  =  30),  the  equivalence  parameters  of  this  type  of 
marshalling  of  the  benzene  assemblage  are  x  :  y.  z  =  ^'\0\  :  3'480  :  2'780. 
These  numbers  represent  translations  in  the  crystalline  benzene 
assemblage  in  three  directions  at  right  angles  ;  on  inspection  of  the 
Barlow-Pope  diagrams,  it  is  obvious  that  the  value  2  =  2'780  is  a 
measure  of  the  height  of  two  links  in  the  column  of  carbon  spheres  in 
the  assemblage.  "Whilst  the  diagrams  represent  the  z  value  as  being 
very  slightly  less  than  the  sum  of  the  diameters  of  one  carbon  and 
one  hydrogen  domain,  the  quantity  y  =  3"480  is  twice  the  diameter  of 
a  carbon  domain.  These  quantities  refer  to  dimensions  in  the 
assemblage  after  suppression  of  the  interstitial  space.  It  has  been 
shown  by  Barlow  and  Pope  and  by  Jerusalem  that  the  dimension 
«  =  2"780  occurs  as  one  of  the  equivalence  parameters  in  a  large 
number  of  benzene  derivatives  which  have  been  crystallographically 
examined  and  it  has  been  concluded  that  when  hydrogen  atoms 
in  the  benzene  molecule  are  displaced  by  other  atoms  or  radicles,  the 
columns  of  carbon  spheres  in  the  crystalline  assemblage  referred  to 
above  retain  their  structure  intact  and  are  merely  moved  apart  to 
accommodate  the  substituting  groups. 

The  alternative  mode  of  close-packing  the  benzene  units  in  homo- 
geneous assemblage  is  derived  from  the  cubic  closest-packed  assemblage 
of  equal  spheres;  in  this  type  of  assemblage  the  z  dimension  must  be 
rather  smaller  than  in  that  previously  considered.  As  this  assemblage 
presents  a  rhombohedral  form  of  arrangement,  it  is  termed  the 
rhombohedral  marshalling  of  the  benzene  units.  The  marshalling 
being  rhombohedral,  crystals  affecting  this  type  of  structure  must  be 
expected  to  exhibit  (a)  pseudo-hexagonal  symmetry,  one  of  the  axial 
ratios  approximating  to    1:1-1547  or  1:0*8165;   on  the  other  hand, 

portional  to  the  crystallogra2)hic  axes,  its  volume  being  numerically  equal  to  the 
8um  of  the  fundamental  valencies  of  the  atoms  in  the  molecule.  The  equivalence 
parameters  of  the  subatances  described  are  calculated  iu  the  case  of  compounds  1  to 
15  from  the  axial  ratios  deduced  from  the  actual  measurements,  no  fractional  parts 
of  the  axial  ratios  being  used. 
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being  derived  from  the  cubic  closest-packed  assemblage  of  equal 
spheres,  it  may  also  show  (6)  pseudo-cubic  symmetry.  In  the  case 
of  (a),  one  of  the  equivalence  parameters  should  have  a  value  somewhat 
less  than  2"78,  whilst  in  the  case  of  (b)  the  value  somewhat  less  than 
2"788  cannot  appear  but  either  two  or  the  three  equivalence  parameters 
should  be  nearly  equal. 

Jerusalem  has  shown  clearly  that  the  anticipations  expressed  above, 
which  are  summarised  from  Barlow  and  Pope's  description  {loc.  cit., 
p.  1692),  are  realised  in  the  results  obtained  by  the  crystallographic 
examination  of  the  picrates  and  styphnates  (Jerusalem,  Trans.,  1909, 
95,  1275). 

Inspection  of  the  equivalence  parameters  of  the  sulphonic  chlorides 
and  bromides  recorded  in  the  table  on  p.  1590  shows  that  with  the 
exception  of  No.  13  all  include  a  s  value  appreciably  less  than  2"780  ; 
the  values  lie  between  2'661  and  2*741,  the  total  variation  being  about 
3  per  cent. 

Further,  in  Nos.  1  to  12  the  ratio  c:b  approximates  to  the 
hexagonal  ratio  of  1-I54r7  :  1  ;  in  Nos.  13  to  15  the  ratio  a:b  ap- 
proximates, although  less  closely,  to  the  alternative  hexagonal  ratio 
of  0"S165  :  1.  There  is  thus  considerable  evidence  that  all  these 
substances  are  of  the  rhombohedral  type  of  marshalling,  with  the 
possible  exception  of  No.  12,  in  which  the  z  value  is  nearly  appropriate 
to  the  hexagonal  marshalling.  The  considerable  difference  between 
the  y3-angle  for  No.  13  and  those  for  Nos.  14  and  15  coiifirins  the 
suggestion  that  both  types  of  marshalling  occur  in  the  three  substances. 
Another  point  of  interest  in  connexion  with  the  equivalence  parameters 

that  when  it  is  possible  to  compare  the  numbers  for  corresponding 
ilphonic  chlorides  and  bromides,  as  in  pairs  1  and  2,  3  and  4,  7  and  8, 
10  and  11,  the  y  parameters  are  nearly  identical;  the  morphotropic 
relationship  thus  displayed,  however,  is  only  revealed  by  the  equiv- 
alence parameters. 

We  have  determined  the  axial  ratios  and  equivalence  parameters  of 

considerable  number  of  sulphanilides  and  sulphotoluidides  derived 
from  the  chlorides.     Most  of   these  substances  crystallise  far  more 

adily  than  the  chlorides  and  bromides  in  measurable  form  and  may 

.erefore    be    measured    accurately    with    facility.       The    equivalence 

parameters  deduced  for  these   substances   are   such    that   they  must 

be  supposed  to  exhibit  one  or  other  of  the  two  kinds  of  marshalling 

already  discussed. 

The  anilides  and  toluidides  are  in  several  cases  isodimorphous.  Pure 
,. -dibromobenzenesulphanilide,  for  example,  crystallises  from  acetone 
in  a  labile  form  ;  when  removed  from  the  solution,  the  crystals  are 
brilliant  and  transparent  but  almost  immediately  become  opaque 
and  the  crystal  faces  d-ill ;  the  measurement  of  this  compound    was 
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therefore  a  matter  of  some  diiBculty.  It  appears  that  the  presence  of 
a  trace  of  aniline  in  the  solution  always  ensures  the  deposition  of  the 
compound  in  the  stable  form. 

1  :  4-Chlorobromobenzene-2-su]phanilideis  another  similar  case.  Only 
a  few  measurements  of  the  labile  form  of  this  compound  were  obtained 
but  judging  from  these  and  from  the  forms  appearing  on  the  crystals  it 
is  closely  i&omorphous  with  the  labile  form  of  />-dibromobenzenesulph- 
anilide.  All  the  other  anilides  studied  up  to  the  present  have  been 
obtained  as  yet  only  in  a  stable  form.  The  following  data  have  been 
deduced  from  the  measurements  made  of  the  anilides : 
Orientation. 
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The  valency  volume  of  the  anilides  is  68  ;  the  pai-ameter  values  are 
obtained  by  multiplying  the  a  axial  ratio  value  by  28.  These  anilides 
evidently  constitute  a  well-defined  isomorphous  group.  The  fact  that 
a  number  approximating  to  2-9  occurs  twice  in  each  set  of  equivalence 
parameters  is  an  indication  that  in  each  case  the  axial  directions  have 
been  so  chosen  as  to  demonstrate  the  pseudo-cubic  nature  of  the 
assemblage,  a  possibility  which  we  have  already  considered.  The 
property  of  exhibiting  pseudo-cubic  symmetry  being  characteristic 
of  the  rhombohedral  type  of  marshalling  of  benzene  units,  we  conclude 
that  the  anilides  display  that  type  of  marshalling  in  their  crystals. 
The  compound  numbered  22  is  the  labile  form  of  j9-dibromobenzene- 
sulphanilide.  Its  crystals  evidently  display  hexagonal  marshalling,  as 
the  number  2-78  occurs  among  the  parameter  values.  The  labile  form 
of  1  :4-chlorobromobenzene-2-sulphanilide  (17)  we  have  proved  to  be 
isomorphous  with  (22),  although  we  have  not  been  able  to  measure 
it  completely. 

It  is  clear  from  the  evidence  that  the  sulphanilides  form  an  iso- 
dimorphous  group  of  substances,  as  each  of  two  of  the  compounds 
has  been  obtained  in  two  forms,  one  stable  and  the  other  labile,  the  two 
stable  forms  and  the  two  labile  forms  being  respectively  isomorphous. 
As  the  stable  crystals  exhibit  rliorabohedral  and  the  labile  hexagonal 
marshalling,  both  types  of  arrai-gemont  characteristic  of  benzene  aie 
represented  in  this  group  of  conipounds. 

To  contrast  the  toluidides  with  the  anilides,  we  have  prepared  and 
measured  the  o-,  m-  and  ;o-toluidides  of  1  :  4-ihlorobroniobenzene-2-sul- 
phonic  acid  and  also  the  />-toluidide  of  jodibromobenzenesulphonic 
acid.     The  results  obtained  are  as  follows  : 
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A  striking  fact  is  disclosed  in  these  results  :  the  0-  and  7n-toluidides 
are  obviously  derived  from  the  labile  anilide,  being  of  hexagonal 
marshalling,  as  the  presence  among  the  parameters  of  the  number  2 '78 
indicates ;  the  jo-toluidide,  on  the  other  hand,  is  clearly  derived  from 
the  stable  anilide,  being  of  rhombohedral  marshalling  and  exhibiting 
pseudo-cubic  symmetry. 

The  following  comparison  gives  emphasis  to  these  relationships  : 

X     :      y     :    z.  x     :     y     :     2. 

T   \  -1        -VA    na\  T  C01     0.7Q1  .  Q.oQ^      Stable  anilide  (14)  7752  :  2-894  :  3-062 
Labile  anihde  (19)  7  631  :  2  781  :  3  234      ^^^^^^      .^.^^   ^g   7.^93  ^  3  932  :  3-OO5 

°-^°^,"\^ V-de    20      ..  8  122  :  2  792  :  3  262      Toluidide  (22)    ..'  9-022  :  2-940  :  2820 
7«-Tolmdide  (21)   ...  8-430  :  2-/82  :  3  210  J.Toluidide  (23)    ...  9-001  :  2-943  :  2  8-24 

The  greater  part  of  the  change  of  the  dimensions  conditioned  by  the 
introduction  of  a  methyl  group  in  place  of  an  atom  of  hydrogen 
occurs  in  one  direction,  namely,  on  the  x  parameter. 

Indications  of  dimorphism  have  been  observed  in  the  case  of  the 
o-toluidide  (20).  The  melting  point  of  crystals  separated  from  acetone 
is  15P.  If  the  melted  substance  be  suddenly  cooled,  however,  it 
assumes  the  vitreous  or  isotropic  state  but  when  gently  warmed  the 
solid  crystallises  in  a  form  which  melts  at  142 — 143°. 

It  is  clear  from  the  occurrence  of  the  value  2*78  in  the  equivalence 
parameters  of  the  anilides  and  toluidides  that  in  these  compounds  the 
two  benzene  nuclei  must  lie  in  the  same  plane.  Barlow  and  Pope  have 
shown  this  to  be  the  case  in  other  compounds  containing  more  than 
one  benzene  nucleus,  for  example,  in  triphenyl methane. 

We  have  also  prepared  the  methylic  and  ethylic  salts  of  /)-dibromo- 
benzenesulphonic  acid  and  the  ethylic  salt  of  1  : 4-chloroiodobenzene- 
2-sulphonicacid.  The  two  ethylic  salts  crystallise  in  the  orthorhombic 
and  the  methylic  in  the  monosymmetric  system.  All  were  obtained  in 
measurable  form  only  after  considerable  trouble. 

The  following  results  were  obtained  : 

Orientation. 


1. 

4. 

2. 

a    : 

b 

:    c. 

JF. 

Fractions 
of  ratios. 

X 

:    y 

.           ; 

0. 

Br 

Br 

SOj-OMe 

2-443 

1 

1-167 

44 

— 

5-995 

2-454 

2  930 

94'0' 

Br 

Br 

SO,-OEt 

1197 

:  1 

1065 

60 

2a 

6-455 

2-697 

:  2-872 

90  0 

I 

CI 

SO,-OEt 

1-294 

1 

1-114 

50 

2a 

6-697 

2-589 

:  2-883 

90  0 

VOL. 

XCVII. 

5   M 
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The  y  parameter  values  may  be  regarded  as  indicating  that  these 
compounds  are  of  rhombohedral  marshalling,  the  y  value  being  some- 
what less  than  the  2;  =  2-78  value  characteristic  of  benzene. 

To  sum  up,  it  is  apparent  that  all  the  compounds  described  in  the 
present  communication  are  of  two  types,  one  derived  from  the  hexa- 
gonal and  the  other  from  the  cubic  mode  of  packing  equal  spheres  in 
the  closest  possible  manner.  , 

It  is  to  be  supposed  that  the  cai'bon  atoms  in  each  molecular  complex 
are  arranged  in  almost  exactly  the  same  manner  as  are  those  in  crystal- 
line benzene  and  that  the  substituting  atoms  or  groups  take  the  place 
of  the  hydrogen  atoms  they  displace*  by  expanding  the  benzene 
assemblage  in  two  only  of  the  three  possible  directions.  The  ortho- 
rhombic  symmetry  of  the  benzene  assemblage  is  usually  lowered, 
however,  to  monosymmetric  symmetry,  the  shear  which  causes  this 
change  taking  place  in  a  direction  parallel  with  either  plane  of  sym- 
metry of  the  orthorhombic  assemblage,  so  that  the  value  2 '78  is  found 
on  either  the  y  or  the  z  parameter  in  the  monosymmetric  derivative  ; 
thus  in  the  case  of  1  :  4-chloroiodobenzene-2sulphonic   chloride   this 


Equivalence 

Orientation. 

Axial  ratios. 

^. 

W. 

parameters. 

1. 

2. 

4. 

f 
a    : 

h 

:    c. 

X 

y 

:    z. 

M.  p 

1 

CI 

SOjCl 

CI 

2-450 

:1-179 

97'25' 

30 

5-696 

2-325 

2-741 

38' 

2 

CI 

SOaBr 

Gl 

2-490 

:1-1G() 

98  41 

36 

5-785 

2-323 

2-709 

74 

3 

CI 

SOoCl 

Br 

2-509 

1-178 

97  40 

30 

5-790 

2-308 

2-718 

66 

4 

CI 

SOaBr 

Br 

2-531 

1-171 

98  35 

36 

5-840 

2-307 

2-702 

110 

5 

Br 

SO.2CI 

CI 

2-398 

•  1-133 

96    5 

5-685 

.  2-370 

2-687 

46 

6 

Br 

SOaBr 

CI 

2-438 

:  1-145 

97  45 

36 

6-735 

2-352 

2-693 

83 

7 

Br 

SO2CI 

Br 

2-476 

1-144 

95  20 

36 

5-787 

2-337 

2-674 

71 

8 

Br 

SOaBr 

Br 

2-479 

1-145 

96  49 

36 

5  796 

2-338 

2-676 

114 

9 

I 

SOaBr 

Ci 

2-469 

1-154 

95  50 

36 

5-761 

2-333 

2-692 

102 

10 

CI 

SO2CI 

I 

2-583 

1-17« 

99    7 

36 

5-914 

2-289 

2-692 

88 

11 

CI 

SOaBr 

I 

2-507 

:  1-167 

100  30 

36 

5-912 

2-303 

2-689 

143 

12 

Br 

8O2CI 

I 

2-555 

1-158 

94  23 

36 

5-882 

2-302 

2  666 

91 

13 

I 

SO2CI 

CI 

0-729 

0-654 

99  42 

36 

3-095 

4-247 

2-779 

70 

14 

I 

8O2CI 

Br 

0-815 

0-673 

95  28 

36 

3  "291 

4-040 

2-719 

97 

15 

I 

SO2CI 

I 

0-885 

0-668 

95  22 

36 

3-409 

3-986 

2-661 

132 

16 

CI 

802-NIIo 

CI 

0-4-23 

:  0-421 

9144 

2-573 

6-079 

2-558 

182 

17 

CI 

S02'NHPh 

Br 

1-339 

:  1-0.58 

98    7 

68 

7-752 

2-894 

3-062 

138 

18 

Br 

SOo-NHPh 

CI 

1-338 

1-047 

98  30 

68 

7-776 

2-906 

8-043 

104 

19 

Br 

SO.,'NElPh 

Br 

1  -329 

1  -0-25 

97  68 

68 

7-793 

2-932 

3-005 

143 

20 

I 

SOa'NHPU 

CI 

1-350 

0-997 

97  15 

68 

7-943 

2-942 

2-933 

168 

21 

I 

KOa-NHPh 

Br 

1  -329 

0-079 

97  18 

68 

7-909 

2-976 

2-913 

150 

22 

Br 

SOa-NHPli 

CH3 

Br 

1-372 

1-103 

97  50 

68 

7-631 

2-781 

3-.>34 

143 

23 

CI 

S02-NH<^"~^ 
~CH3 

Br 

0-727 

1 

1-195 

102    6 

74 

8-122 

2-792 

3-202 

151 

24 

CI 

80a'NH<^\ 

Br 

0-7.51 

1 

1-l.Vt 

100  37 

74 

8-430 

2-782 

3-210 

:59 

25 

CI 

802'NH<^~~\CH3 

Br 

0-767 

1 

0-959 

98  25 

74 

9-022 

2-940 

2-820 

1.57 

26 

Br 

S02'NH<^^CH3 

Br 

0-764 

1 

0-959 

98  32 

74 

9-001 

2-943 

2-824 

152 

27 

Br 

HOsMe 

Br 

2-443 

1 

1-107 

94    0 

44 

5-995 

2-454 

2-9.50 

63 

28 

Br 

SOjEt 

Br 

1-197 

1 

1-065 

90    0 

50 

6-455 

2-697 

2-872 

106 

29 

X 

SOaBt 

CI 

1  "J94 

1 

1-114 

90    0 

50 

6-097 

2-580 

2-888 

88 

*  Labile  foria 

I 
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number  is  found  on  the  z  parameter,  whilst  in  that  of  the  labile 
^-dibromobenzenesulphanilide  it  occurs  on  the  y  parameter. 

The  halogen  atoms  appear  to  displace  one  another  in  the  molecule 
without  producing  more  than  a  slight  change  in  the  relative  dimen- 
sions of  the  structure. 

The  preceding  is  a  complete  list  of  the  compounds  described  : 

«  1.     ■p-DicMorobenzenesulpIionic  Cldoride. 

Great  difficulty  was  experienced  in  obtaining  this  substance  in 
measurable  crystals.  Until  highly  purified,  it  did  not  crystallise  at 
all,  the  solution  solidifying  as  a  whole  when  very  concentrated. 
Measurable  crystals  (m.  p.  38°)  were  at  length  obtained  from  a 
solution  in  benzene  kept  at  the  temperature  of  melting  ice.  [Found, 
(sulphonic)  01  =  14-43.     Calc,  CI  =  14-46  per  cent.] 

System  :  Monosymmetric. 

Axial  Eatios:  a  :  6 :  c  =  2-450  : 1  :  M79  ;  /S  =  97°25'. 
Equivalence  Parameters :  x  :y  :2  =  5'696  :  2*325  : 2-741. 
Forms  observed  :  {100},  {111},  {001},  {110},  {Til},  {221}. 

The  followine  measurements  were  made  : 


No.  of 

Angle. 

observations. 

Limits. 

Mean. 

Calculated. 

100  :  110 

19 

67°22'— 67°58' 

67°38' 

— 

110  :  110 

9 

44  35  —45  8 

44  45 

44°44' 

100  :  111 

1.5 

76  35  —77  33 

77  5 

— 

111  :  111 

8 

34  9—35  8 

34  34 

34  37 

111  :  100 

7 

68  18  —68  23 

68  19 

68  18 

COl  :  111 

6 

53  11  —53  25 

53  16 

53  23 

111  :  110 

2 

39  14  —39  35 

39  23 

39  26 

001  :  111 

2 

49°47' 

49  47 

49  56 

100  :  001 

5 

97  22  —97  28 

97  25 



001  :  100 

5 

82  30  —82  34 

82  33 

82  34 

111  :111 

2 

95  47  —95  51 

95  49 

96  2 

2.     p- Dtchlorobenzenesulphonic  Bromide. 

This  substance  was  prepared  and  measured  by  Gidden.  The  axial 
ratios  given  by  him  were  recalculated  for  a  different  value  of  ^.  His 
data  with  corrected  indices  for  the  faces  are  given  below.  Melting 
point  74° : 

Axial  Ratios:  a  :i  :  6  =  2490  : 1 :  M66  ;  )8  =  98°41'. 
Equivalence  Parameters  :  x:y:z  =  5-785  : 2-323  : 2-709. 

Calculated. 


63''12' 
67  54 
52  18 

5  H  2 


No.  of 

Angle. 

observations. 

Mean. 

Ill  :  111 

41 

96°  0' 

100  :  111 

63 

78  12 

100  :  OOl 

10 

81  19 

111  :001 

10 

.53  14 

100  :  110 

-4 

07  53 

111  :  110 

2 

52  20 
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5.     1  :  i-Bromochlorohenzene-2-sulphonic  Chloride. 

In  preparing  this  compound,  even  more  difficulty  was  experienced 
in  crystallising  it  than  in  the  case  of />-dichlorobenzenesulphonic  chloride. 
From  benzene  or  a  mixture  of  benzene  and  light  petroleum,  it 
separates  in  very  thin,  hexagonal  plates  melting  at  46°  ;  by  keeping 
the  solution  at  0°,  thicker  crystals  are  obtained  but  their  laminated 
structure  renders  them  useless  for  purposes  of  measurement ;  ultimately 
measurable  crystals  were  obtained  from  a  mixture  of  benzene  with 
petroleum  boiling  at  100—120°.  [Found,  (sulphonic)  01=12-17. 
CgHgOgClgBr  requires  (sulphonic)  Cl  =  12-23  per  cent.] 

System :  Monosymmetric. 

AxialRatios:  a:h  :c  =  2-398:l  :  1-133  ;  y3  =  96°5'. 
Equivalence  Parameters  :  x  :y  :  2;  =  5 '685  :  2  370  :  2  687. 
Forms  observed :  {100},  {001},  {110},  {111},  {22l}. 
The  following  measurements  were  made  : 


No. 

of 

Angle. 

observations. 

Limits. 

Mean. 

Calculated. 

100  :  111 

13 

76°  5'—  76°38' 

76°18' 

— 

111  :  100 

11 

103  27  —103  51 

103  41 

103°42' 

100  :  001 

11 

95  29  —  96  25 

96  1 

96  5 

001  :  100 

12 

83  30  —  84  29 

83  55 

■ — 

001  :  111 

15 

51  30  —  52  27 

52  7 

— 

111  :  110 

2 

40  4  —  40  13 

40  9 

40  15 

111  :  221 

4 

61  43—  62  19 

61  55 

61  59 

221  :  001 

2 

65  32  —  65  48 

65  40 

65  54 

100  :  221 

3 

66  40  —  67  16 

66  55 

66  54 

6,     1  :  4:-Brornochlorobenzene-2-8ulphonic  Bromide. 
This  compound  was  measured  by  H.  Harding ;  it  melts  at  83°. 
System  :  Monosymmetric. 

AxialRatios:  a  :  6  :c  =  2-4383  : 1  : 1-1456  ;  ;8  =  97°45'. 
Equivalence  Parameters  :  x:y:  2  =  5-735  :  2-352  :  2 '693. 
Forms  observed  :  {100},  {001},  {111}. 


Angle. 

No.  of 
observations. 

Limits. 

Mean. 

Calculated 

100  :  001 
100  :  001 
001  :  111 
100  :  111 
111  :  111 

8 
5 
4 
8 
4 

82°  2'— 82°38' 
97  34  —97  48 
52  37  —52  42 
77  14  —77  38 
85  14  —85  23 

82°15' 
97  45 
52  39 
77  27 
85  19 

97  45 
52  38 

18.      1  :  4i-Bromochlorobenzene-2-sulphanilide. 
This  compound  crystallises  well  from  acetone  in  prisms  melting  at 


164= 


System  :  Monosymmetric. 

Axial  Ratios  :  a.b:c=l  047  : 1  : 1  -338  ;  ft  =  98°30'. 
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Equivalence    Parameters,    taking    2a    with    TT  =  68 :    x:y:z   = 
7-776:  2-906:  3-043. 

Forms  observed  :  {100},  {001},  {101},  {101},  {111},  {111},  {121}. 

The  following  measurements  were  made  : 


Xo.  of 

Angle. 

observations. 

Limits. 

Mean. 

Calculated 

101  :  001 

6 

40°57'—  41''33' 

41°  9i' 

4rii' 

100  :  101 

8 

56  57  —  57  36 

57  20" 

57  19 

100  :  101 

9 

46  17  —  47  16 

46  54 

46  45 

101  :  001 

7 

34  17—  35  25 

34  30 

34  45 

100  :  001 

12 

98  4—98  55 

98  29^ 

98  30 

001  :  100 

10 

81  6—81  50 

81  30 

8130 

100  :  111 

25 

65  52  —  66  28 

66  6 

— 

111  :  100 

23 

113  30  —114  25 

113  52 

113  54 

101  :  111 

9 

37  3—37  47 

37  24 

37  20 

111  :  121 

8 

18  59  —  19  42 

19  20 

19  25 

101  :  1-21 

15 

56  27  —  56  54 

56  45 

56  45 

121  :  121 

25 

66  21  —  66  38 

66  30 

— 

111  :  111 

31 

82  22  —  83  24 

82  47 

— 

111  :  111 

23 

96  50  —  97  35 

97  14 

97  13 

111  :  121 

6 

48  52  —  49  22 

49  9 

49  14 

A  peculiarity  of  all  the  crystals  of  stable  forms  of  the  anilides  which 
we  have  examined  is  that  most  erratic  readings  are  generally  obtained 
from  the  zone  {101},  {111},  {121},  etc.,  namely,  the  zone  around  the 
prism.  After  examining  a  large  number  of  crystals,  we  found  that, 
as  a  rule,  the  form  {1'21}  is  accompanied  by  another  very  close  to  it, 
the  angle  between  the  two  varying  from  1°  to  3°,  sometimes  one, 
sometimes  the  other  being  absent,  however.  This  explained  the 
erratic  readings  which  had  been  obtained  for  the  angle  12T  :  121.  On 
calculating  this  angle  from  readings  not  involving  the  erratic  zone,  we 
found  that  the  smallest  readings  of  the  angle — which  were  remarkably 
constant — agreed  with  the  calculated  value.  The  same  peculiarity 
'vas  observed  in  the  case  of  all  the  anilides  of  this  series  that  we 
xamined. 

3.     1  :  i-BramochlorobeJizene-S-sulphonic  Cidoride. 

This  chloride  crystallises  with  great  facility  from  benzene  in  rhombs 
or  rhombic  plates,  melting  at  66°.  [Found,  (sulphonic)  CI -12-16. 
Calc,  CI  =  12-23  per  cent.] 

The  substance  was  measured  originally  by  W.  T.  Gidden.  A  few 
measurements  which  we  made  agree  with  his.  The  axial  ratios  are 
calculated  from  his  data. 
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System :  Monosymmetric. 

Axial  Ratios:  a\h  :c  =  2-509  :1  :  M78  ;  /S  =  97°40'. 

Equivalence  Parameters  :  x:y:z  =  5790  :  2-308  :  2-718. 


No.  of 

Angle. 

observations. 

Mean. 

Calculated 

Ill  :  111 

59 

96°15' 



100  :  111 

81 

77  37 

100  :  111 

23 

68  28 

111  :  "111 

24 

33  56 

33°65' 

110  :  111 

2 

39  32 

39  34 

111  :  111 

7 

103  2 

103  4 

221  :  111 

3 

60  55 

60  50 

111  :  221 

7 

16  5 

16  6 

221  :  110 

3 

2119 

21  16 

4.     1  :  i-Chlorobromobenzene-2-sulphonic  Bromide. 

This  bromide  was  measured  by  Gidden.  It  crystallises  readily 
from  benzene  in  the  usual  rhombs  (m.  p.  110°)  characteristic  of  these 
compounds. 

System  :  Monosymmetric. 

Axial  Ratios,  calculated  from  Gidden'sdata  :  a:h  :c  =  2-531 :1 :1'171 ; 
/S  =  98°35'. 

Equivalence  Parameters  :  x:y:z  =  5840  :  2307  :  2-702. 

No.  of 


Angle. 

observations. 

Mean. 

Calculated 

Ill  :  111 

40 

96°17' 



100  :  111 

38 

78  22 



110  :  111 

6 

51  55 



110  :  111 

2 

39  56 

39°58' 

111  :  001 

8 

53  13 

53  12 

100  :  001 

2 

81  3 

8125 

100  :  110 

4 

68  10 

68  13 

17.     1  : 4:-Chlorobroviobenzene-2-sulp/ianilide. 

This  affords  an  example  of  a  dimorphous  substance.  When  pure  * 
it  crystallises  from  acetone  in  a  labile  form.  When  the  bright 
crystals  are  removed  from  the  solution  in  which  they  have  been 
formed,  they  rapidly  become  opaque  and  the  crystal  faces  become 
covered  with  a  fine  powder.  These  crystals  are  very  soft  and  fall 
to  powder  under  slight  pressure.  Owing  to  the  rapidity  with  whicli 
transition  from  the  labile  to  the  stable  form  takes  place,  gi'eat 
difficulty  is  experienced  in  obtaining  measurements  of  these  crystals. 
A  few  angles  were  determined,  however,  which  proved  that  the 
crystals  are  isomorphous  with  the  labile  form  of  jo-dibromobenzene- 
sulphanilide,  which  we  were  able  to  measure  completely.  The  habit 
and  forms  present  also  prove^this  to  be  the  case. 

If  a  small  quantity  of  aniline  be  present  in  the  acetone  solution, 
the    sulphanilido    crystallises    in   a    stable   form    isomorphous    with 
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2-bromo-5-chlorobenzenesulphanilide  ;  thus  the  labile  or  stable  form 
can  be  obtained  at  will.  At  times  both  forms  have  developed  simul- 
taneously in  the  same  solution ;  this  has  also  been  observed  to  take 
place  in  the  case  of  jo-dibromobenzenesulphanilide.  Both  forms 
melt  at  138°. 

(Stable  form). — System  :  Monosymmetric. 
Axial  Ratios  :  a  :  6  :  c  =  1  '058  : 1  : 1  -3395  ;  p  =  98°7'. 
Equivalence  Parameters  :  x:y\z  =  7"752  :  2-894  :  3-062.    [2a.] 
Forms  present:  {001},  {101},  {TOl},  {111},  {UT},  {12T}. 


Angle. 
101  :  001 
001  :  101 
101  :  101 
111  :  101 
111  :  111 
111  :  111 
111  :  111 
111  :  001 
001  :  111 


No.  of 
observations. 
10 
11 
11 
16 
15 

5 

6 

5 
16 


Limits. 
56°3-2'— 57°  8' 
46  38  —46  56 
76  9  —76  50 
41  14  —41  53 
82  46  —83  25 
96  40  —97  8 
56  39  —57  37 
56  43  —57  40 
65  33  —66  9 


Mean. 
56°47' 
46  45 
76  29 
41  -28 
83  1 
96  57 

56  56 

57  7 
65  48 


Calcnlated. 
56"46' 

41  30i 

96  59 
57  6 
57  8 
65  46 


23.     1  :  i-Ghlorobromohenzene-l-sulpho-o-toluidide. 

This  compound  crystallises  extremely  well  from  acetone ;  it  melts 
partly  at  143 — 144°,  then  resolidifies  above  that  temperature  and 
melts  sharply  at  151°.  When  suddenly  cooled,  it  assumes  the 
vitreous  form ;  when  gently  warmed,  this  crystallises  in  the  form 
which  has  the  lower  melting  point,  the  substance  melting  completely 
at  143 — 144°  and  not  resolidifying.  It  is  evident  from  this  that  the 
form  stable  at  the  ordinary  temperature  is  that  melting  at  143°,  which 
is  metastable  at  its  melting  point. 


System  :  Monosymmetric. 

Axial  Ratios:  a  :  6  :  c  =  0-727  : 1  : 1-195  ;  /8=102°5'. 

Equivalence  Parameters  :  x\y:z  =  8-122  :  2792  : 3-262. 


[4a.] 


Forms  observed 

:  {001}. 

{010},  {101},  {101} 

,{011}. 

No.  of 

Angle. 

observations. 

Limits. 

Mean. 

Calcalat< 

001  :  101 

12 

67°30'—  68°  8' 

67°47' 



101  :  101 

10 

61  49  —  62  21 

62    7 



101  :  001 

11 

49  20  —  50  35 

50    4 

50    6' 

001  :  Oil 

26 

49  10  —  49  38 

49  27 



Oil  :  010 

7 

40  21  —  40  48 

40  31 

40  33 

001  :  010 

10 

89  45  —  90  15 

90    0 

90    0 

101  :011 

15 

75  28  —  76    5 

75  44 

75  46 

on  :101 

16 

103  50  —104  39 

104  17 

104  14 

101  :011 

12 

65    8—65  30 

65  20 

65  21 

Oil  :  101 

12 

114  20—114  52 

114  41 

114  39 
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24,     1  : 4:-Chl(y/'ob7'omobenzene-2-sulpho-m.-toluidide. 

This  compound  crystallises  readily  from  acetone  in  six-sided  rhombs 
(m.  p.  159 '5°)  the  edges  and  corners  of  which  are  truncated.  The 
four  faces  of  the  form  {011}  were  useless  for  measurement,  as  they 
gave  multiple  reflexions  in  every  case. 

System :  Monosyrametric. 

Axial  Ratios:  a  :  6  :c  =  0-7576  : 1  :M54;  ^=100°37'. 
Equivalence  Parameters  :  a;  :y  :  2;  =  8-430  :  2-782  :  3-210.     [4a.] 
Forms  observed  :  {Oil},  {lOT},  {110},  {101},  {001}. 


No  of 

Angle. 

observations. 

Limits. 

Mean. 

Calculated 

001  :  101 

20 

49°  0'—  49°58' 

49°27' 

49°28' 

101  :  101 

47 

65  52  —  66  31 

66  12 



101  :  001 

22 

63  49  —  64  46 

64  21 

64  21 

101  :  110 

27 

45  41  —  46  17 

45  58 



110  :011 

7 

69  20  —  69  40 

69  30 

69  30 

Oil  :  101 

19 

64  70  —  64  50 

64  26 

64  32 

101  :  Oil 

40 

72  51  —  73  59 

73  19 

73  21 

Oil  :  110 

16 

56  25  —  57  23 

56  50 

56  56 

110  :  101 

28 

49  12  —  50  13 

49  43 

— 

110  :  110 

6 

73  7—73  42 

73  21 

73  21 

110  :liO 

6 

106  25  —106  57 

106  36 

106  39 

25.     1  :  4i-Chloo'obromobenzene-2-8ulpho-]p-toluidide. 

This  toluidide  crystallises  readily  from  acetone  in  prisms  (m.  p. 
157°)  remarkable  on  account  of  the  number  of  faces  that  in  most 
cases  are  developed  upon  them.  They  show  a  decided  resemblance 
in  habit  and  dimensions  to  the  stable  form  of  the  anilide. 

System  :  Monosymmetric. 

Axial  Ratios  :  a:b:c  =  0-767  :  1  :  0-959  ;  jS  =  98°25'. 
Equivalence  Parameters  :  9-022  :  2-940  :  2-820.     [4a.] 
Forms  observed  :  {100},  {010},  {001},  {Oil},  {012},  {212},  {121},  {llT}, 
{101},  {101}. 

No.  of 
Angle.         observations.  Limits.  Mean.  Calculated. 

100  :  101  4  41°39'— 42°  9'  41=56'  41°52' 

101  :  001  11  56  14  —56  53  56  33  — 

100  :  001  5  98  16  —98  41  98  30  98  25 
111:111  31  57  24—58  42  58  3  58  1 
111  :  121  24  18  8  —19  57  18  55  18  57 
Oil  :  012  23  25  1  —25  45  25  23  26  23 
012:011  21  17  30—18  36  18    6  18    7 

101  :  212  10  17  10  —18  13  17  48  17  45 
212:010  2  72  11—72  15  72  13  72  16 
101  :  012  10  59  47  —60  18  60    7  60    8 
lOl  :  111  13  78  30  —79  26  78  49  — 
111:012  20  40  38—4123  4131 

111  ;  on  5  39  18  -39  5?  39  31  39  26 
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7.     1  :  4:-Dibromobemenesulph(mtc  Chloride. 

^'Dihromohenzenesulphonic  cliloride  crystallises  readily  in  measur- 
able form  from  a  mixture  of  benzene  and  light  petroleum ;  it  melts  at 
7r.     (Found,  CI  =  10-79.     Calc,  CI  =  10-61  per  cent.) 

System :  Monosymmetric. 

Axial  Ratios:  a  :  6  :  c  =  2-476  : 1  :  11439  ;  /3  =  95°26'. 

Equivalence  Parameters  :  x  :y  :z  =  5-787  :  2-337  :  2674. 


Forms  observed 

:  {100}, 

{HI},  {111}.  {IOC 

>},  {221}. 

No.  of 

Angle. 

observations. 

Limits. 

Mean. 

Calculated, 

100  :  111 

19 

76°  2'— 76=41' 

76=22' 

— 

111  :  111 

4 

33  38  —34  30 

34    1 

33°51' 

111  :  100 

4 

69  41  —69  53 

69  44 

69  47 

111  :  111 

11 

85  39  —86  28 

85  57 

— 

100  :  110 

13 

67  32  —68  15 

67  55 



110  :  110 

7 

43  33  —44  30 

44    5 

44  10 

111  :  110 

5 

39  16  —40  42 

39  51 

39  55 

110  :  111 

5 

38  11  —39  31 

38  37 

38  28 

8.     1  :  A-Dibromobenzenesulphonic  Bromide. 

YhDibromobenzenesulphonic  bromide  crystallises  well  from  a  mixture 
of  benzene  and  light  petroleum  in  forms  closely  resembling  the 
sulphonic  chloride.  It  melts  at  114"^.  [Found,  (sulphonic)  Br  =  20"96. 
Calc,  Br  =  2110  per  cent.] 

System  :  Monosymmetric. 

Axial  Ratios  :  a:b:c  =  2-479  :  1  :  1  -445  ;  /3  =  96°49'. 

Equivalence  Parameters:  a;:y  :  2  =  5-796  :  2-338  :  2676. 


Forms  present : 

{100},  { 

No.  of 

111},{111},  {110},  {2 

21},  {001}. 

Angle.         observations. 

Limits. 

Mean. 

Calculated. 

100  :  111 

27 

77°  0'— 77=29' 

77^12' 



111  :  111 

6 

33  41  —34    7 

33  48 

3S°51' 

111  :  100 

6 

68  32  —68  49 

68  41 

68  57 

111  :lll 

13 

85  15  -85  40 

85  29 



100 :  no 

18 

67  25  —68  21 

67  53 



110  :  110 

7 

44    3  —44  27 

44  14 

44  14 

001  :  111 

4 

49  13—49  18 

49  15 

49  18 

111  :  221 

6 

16    8—16  27 

16  18 

16  -22 

221  :  110 

7 

21  34  —22    2 

21  45 

21  48 

no  :  111 

11 

39  53  —40  25 

40    6 

40  13 

111  rOOl 

4 

52    6—52  27 

52  18 

52  19 

100  :  OOl 

8 

82  40  —83  40 

83    6 

83  11 

111  :Il0 

7 

53    2—63  42 

63  18 

53  21 

111  :  111 

8 

78    4  —78  41 

78  22 

78  23 
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Fig.  1. 


■p-Dibromobemenesulphonic  bromide. 

19.     1  :  4:-Dibroviobenzene8ulphanilide. 

ip-Dibromobenzenesulpha7iilide. — This  substance  was  obtained  in  two 
forms,  a  labile  and  a  stable  form,  under  conditions  exactly  similar 
to  those  which  gave  rise  to  two  forms  of  the  chlorobromo-compound. 
In  this  case  both  forms  were  measured. 

The  labile  form  crystallises  well  from  a  solution  of  the  pure 
substance  in  acetone  ;  it  melts  at  143°. 

System  :  Monosymmetric 

Axial  Ratios:  a  :  6  :  c  =  1-392  : 1  :  M63  ;  /3-97°50'. 

Equivalence  Parameters  :  cc  :  y  :  2  =  7-631  :  2-781  :  3-210.     [2a.] 

Forms  present :  {100},  {010},  {111},  {Til},  {121}. 


No.  of 

Angle. 

observations. 

Limits. 

Mean. 

Calculated. 

010  :  111 

11 

46°27'— 46°51' 

46''37' 

— 

010  :  121 

8 

27  33  —28  2 

27  44 

27''54' 

121  :  111 

8 

18  38  —18  .^.8 

18  49 

18  44 

010  :  111 

20 

50  2  —50  57 

50  29 

— 

100  :  111 

11 

57  47  —58  41 

58  7 

58  12 

111  :  111 

11 

69  26  —70  15 

69  51 



111  :  100 

9 

51  83  —52  18 

51  59 

51  67 

100  :  010 

4 

89  43  —90  16 

89  59 

90  0 

The  stable  form  separates  in  measurable  crystals  from  a  solution  of 
the  substance  in  acetone  containing  a  trace  of  aniline.    It  melts  at  143°. 
System  :  Monosymmetric. 

AxialRatios:  o:6  :c  =  1-329  : 1  :  1025  ;  /3  =  97°58'. 
Equivalence  Parameters  :  x\y\z-=  7-793  :  2  932  :  3-005.     [2a.] 
Forms  present :  {001},  {101},  {101},  {HI},  {HI},  {121}. 
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No.  of 

An, 

lie. 

observations. 

Limits. 

Mean. 

Calculated 

101 

101 

11 

74°47'—  75°28' 

75°  7' 

— 

101 

001 

14 

57  12  —  57  44 

57  26 

57°26' 

001 

:  101 

12 

47  20  —  47  33 

47  26 

47  27 

001 

:111 

14 

65  47  —  66  10 

65  58 

— 

111 

111 

8 

56  24  —  57  16 

56  38 

56  42 

111 

:00i 

6 

56  58  —  57  53 

57  23 

57  20 

111 

:001 

15 

113  49—114  18 

114    0 

114    2 

111 

.  Ill 

8 

98    0—98  35 

98  22 

98  22 

111 

101 

19 

40  24—41    7 

40  48 

40  49 

111 

:  111 

16 

81  20—82    0 

8138 

— 

101 

:  111 

22 

36  24  —  37  42 

37    5 

37    3 

111 

121 

8 

18  58  —  19  51 

19  22 

19  25 

121 

121 

7 

67    2—67    8 

67    6 

67    4 

111 

:121 

9 

49    1  —  49  34 

49  17 

49  17 

121 

111 

9 

130  24  —131    2 

130  42 

130  43 

1599 


Fig.  2. 


LdbiUform  of  ^•dibromoienzencsulphanilidc. 

26.     1  :  4:-Dibi'omobensenesulpho-^-toluidide. 
p-Dibromobetizenesulpho-p-toluidide  separates  readily  in  measurable 
forms  from  acetone.     It  melts  at  151°. 
System :  Monosymmetric. 

Axial  Ratios  :  a  :  6  :  c  =  0-7645  : 1  :  0-9595  ;  /3  =  98°32'. 
Equivalence  Parameters  :  x:y:z  =  9001  :  2943  :  2-824.     [4rt.] 


Forms  present : 

{010},  { 

100},  {001},  {101} 

{101},  {011} 

{012},  {11 

{llT},  {212}. 

No.  of 

Angle.         observations. 

Limits. 

Mean. 

Calculated 

Til  :  010 

42 

60°32'— erso' 

61°  2' 



Oil  :010 

26 

46    5  —47  12 

46  28 



Oil  :  111 

28 

39    0—39  61 

39  30 



111  :  HI 

37 

67    0—58  37 

58    0 

67°56' 

001  :  012 

19 

25  10  —25  65 

25  28 

26  25 

012  :  Oil 

24 

17  24  —18  40 

17  57 

18    7 

001  :  010 

9 

89  41  —90  11 

89  59 

90    Q 

100  :  111 

3 

50  57  —61    6 

51    1 

51    5 

111  :011 

5 

45    3  —45  18 

45  13 

45    6 

111  :  100 

6 

44    2  —44  38 

44  17 

44  19 

101  :  -211 

6 

17  14  —18    9 

17  44 

17  44 

212  :  111 

5 

14  37  —16    5 

14  47 

14  52 

111  :  010 

3 

67  21  —67  41 

67  29 

67  24 
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27.     Methylic  'p-Dibromobenzenesulphonaie. 

This  crystallises  readily  from  acetone.     It  melts  at  63°. 

System :  Monosymmetric. 

Axial  Ratios :  a  :  J  :  c  =  1-167  : 1  :  2-443  ;  (3  =  94°0'. 
Equivalence  Parameters  :  x\y:  2;  =  2-930  :  2-454  :  5*995. 
Forms  present:  {100},  {101},  {TOl},  {111},  {210}. 


No.  of 

Angle. 

observations. 

Limits. 

Mean. 

Calculated 

100  :  210 

23 

49''59'—  51°26' 

50°37' 

— 

210  :  210 

9 

78  17  —  79  17 

78  39 

78°46' 

100  :  111 

15 

74  37  —  75  38 

75  5 

— 

111  :  100 

15 

104  36  —105  27 

104  57 

104  55 

101  :  111 

10 

46  26  —  47  54 

47  13 

— 

111  :111 

6 

85  3—85  42 

85  32 

85  34 

100  :  101 

5 

67  9—68  18 

67  57 

67  44 

101  :  101 

6 

50  19  —  51  38 

51  2 

51  3 

101  :  100 

12 

60  25  —  61  20 

60  52 

61  13 

101  :  111 

4 

64  3—65  4 

64  41 

64  43 

111  :  210 

6 

^2  50  —  43  29 

43  7 

43  4 

210  :  101 

5 

71  34  —  72  53 

72  16 

72  13 

28.  Ethylic  p-dibromobenzeiiesulphonate. 

This  separates  fairly  readily  from  acetone  but  the  forms  appearing 
are  so  few  that  very  few  angles  have  been  measured.    It  melts  at  106°. 

System  :  Orthorhombic. 

Axial  Ratios  :  a  :  6  :  c  =  1-124  : 1  :  0  9393. 

Equivalence  Parameters  :  x  :  y  :  2  =  6*455  :  2-872  :  2-697.     [2a.] 

Forms  observed  :  {100},  {101},  {110},  {010}. 


Angle. 

No.  of 
observations. 

Limits. 

Mean, 

Calculated 

010  :  110 
010  :  Oil 

11 
34 

41°  8'— 42°  4' 
46  29  —47  21 

41°41' 
46  49 



9.     1  :  4:-loJochlorobenzene-2'8ulphonic  Chloride. 

p- lodochlorobeiizenesulphonic  chloride  is  readily  obtained  in  good 
prismatic  crystals  (m.  p.  69°)  from  a  mixture  of  benzene  and  light 
petroleum.    [Found,  (sulphonic)  Gl  =  10-53.    Calc,  01  =  10-52  per  cent.] 

System  :  Monosymmetric. 

Axial  Ratios:  «  :  6  :  c  =  0729  : 1  :0-654;  /?  =  99°42'. 
Equivalence  Parameters  :  x:y:z  =  3095  :  4247  :  2  778. 
Forms  present:  {010},  {001},  {021},  {100},  {210},  {221}. 
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No.  of 

Angle. 

observations. 

Limits. 

Mean. 

Calculated 

100  :  210 

9 

17'39'— IS^ll' 

17^51' 

17^52' 

210  :  010 

12 

71  43—72  27 

72    8 



010  :  021 

15 

34  31  —35  30 

34  49 

34  50 

021  :  001 

11 

54  54  —55  32 

55  10 

— 

100  :  001 

3 

99  39  —99  43 

99  41 

99  42 

001  :  210 

8 

98  50  —99  27 

99  13 



001  :  212 

10 

54  33  —55  25 

54  54 

54  53 

212  :  210* 

6 

43  55  —44  35 

44  12 

44  20 

010  :  212 

12 

75    6—75  28 

75  18 

75  16 

212  :  212 

3 

29  20  —29  31 

29  24 

29  28 

100  :  010 

6 

89  50  —90  17 

90    1 

90    0 

010  :  001 

12 

89  47  —90  12 

89  59 

90    0 

FiQ.  3. 


5-ChloTo-2-iod6bcmenes%Uphonic  chloride. 


9.     1  :  4:-Io<lochlorobenzene-2-8ulphonic  Bromide. 

■p-Iodochlorohenzeuesulphonic  bromide  crystallises''  readily  from  a 
mixture  of  benzene  and  light  petroleum  in  four-sided  prisms  with 
pyramidal  ends.  Although  differing  entirely  from  jt>-dibromobenzene- 
sulphonic  bromide  in  habit,  when  the  correct  faces  are  chosen  as 
pinacoids  the  axial  ratios  deduced  for  this  bromide  are  almost 
identical  with  those  of  that  substance.  It  melts  at  102°  [Found 
Br  =  21-30.     Calc,  Br  =  20-98  per  cent.] 

System :  Monosymmetric. 

Axial  Ratios:  a  :6  :  c  =  2469  : 1  :  M54  ;  /8  =  95°50'. 
Equivalence  Parameters  :  x:y:  2  =  5*761  :  2-333  :  2-692. 
Forms  present :  {100},  {101},  {111},  {210}. 


No  of 

Angle. 

observations. 

Limits. 

Mean. 

Calculated 

100  :  210 

33 

50*'30'— 51°  9' 

bd'bV 



210  :  210 

14 

78    8—78  29 

78  19 

78^18' 

101  :  111 

10 

47    6—47  32 

47  17 



111  :TlI 

5 

85  13—85  34 

«5  25 

85  26 

100  :  101 

12 

69  29  —70  12 

69  48 



210  :  111 

4 

43  59—44  11 

44     ', 

U    9 

100  :  111 

2 

76  14  —76  21 

76  18 

76  27 

101  :  210 

10 

77    6  —77  37 

77  24 

77  26 

210  :  111 

3 

65    1  -65  18 

65    5 

65    3 
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20.     1  : 4:-Iodochlorohenzene-2-sulphanilide. 

This  sepai'ates  readily  from  acetone  in  a  form  closely  resembling 
the  stable  forms  of  the  anilides  previously  measured.  It  melts  at  168°. 

System :  Monosymmetric. 

Axial  Katies:  a  :  6  :  c  =  1-350  : 1 :  0-9971  ;  iS  =  97°15'. 
Equivalence  Parameters  :  x:y  :  2  =  7-943  :  2-942  :  2-933.     [2a.] 
Forms  present :  {100},  {001},  {lOT},  {101},  {llT},  {111},  {121}. 


No.  of 

An 

;le. 

observations. 

Limits. 

Mean. 

CalcnlateJ 

101 

.  100 

7 

33°35'— 33°55' 

33°49' 

33°50' 

100 

:  101 

4 

38  51  —39  4 

38  58 

38  56 

101 

:001 

6 

58  4—58  25 

58  14 

58  19 

100 

:001 

13 

97  1  —97  29 

97  15 

— 

001 

:101 

9 

48  32  —49  7 

48  50 

48  55 

001 

:111 

23 

66  5  —66  49 

66  23 

— 

111 

:  111 

21 

55  2  —55  42 

55  22 

55  19 

111 

:001 

22 

57  57  —58  34 

58  15 

58  18 

111 

111 

9 

99  14  —99  37 

99  24 

99  24 

111 

:  101 

7 

40  13  —40  23 

40  16 

40  18 

111 

•  111 

11 

80  23  —80  56 

80  36 

80  36 

101 

:  111 

7 

36  46  —37  31 

36  56 

36  56 

111 

121 

20 

19  0—19  52 

19  21 

19  26 

121 

121 

13 

67  15  —67  31 

67  23 

67  16 

100 

111 

19 

53  26  —53  48 

53  37 

— 

111 

111 

20 

77  39  —78  18 

77  57 

77  59 

111 

100 

19 

48  7  —48  44 

48  25 

48  24 

111 

:  121 

7 

48  4  —48  46 

48  25 

48  25 

111 

:121 

4 

65  29  —65  45 
Fig.  4. 

65  35 

65  35 

5-Chloro-2'iodobcnzenesulphanilide, 

29.     Ethylic  1  •A-Iodochlorohenzene-1-8ulphonate. 

This  separates  from  ether  in  thin,  hexagonal  plates  melting  at  87^^ 

System  :  Orthorhombic. 

Axial  Ratios :  a.h:c  =  2-322  : 1  : 0-898. 

Equivalence  Parameters  :  x.y:  «  =  6-697  : 2-883  :  2-589.     [2a.] 

Forms  present:  {001},  {100},  {110},  {111},  {201}. 
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No.  of 

Angle. 

observations. 

Limits. 

Mean. 

Calculated 

100  :  110 

21 

66^10'— e?^^ 

66°42' 

— 

110  :  010 

8 

23    3  —23  34 

23  13 

23°18' 

110  :  110 

7 

46    9—47    6 

•46  35 

46  36 

100  :  010 

10 

89  47  —90  20 

89  59 

90    0 

100  :  111 

17 

73  22  —74  27 

73  57 

— 

111  :111 

6 

31  51  —32  13 

32    4 

32    6 

100  :  201 

12 

51  45  —52  53 

52    9 

52  18 

14.     I  :  4:-Iodoiyromohenzene-2-sulpIionic  Chlm'ide. 

From  benzene  and  light  petroleum  this  separates  in  forms  that  are 
very  similar  indeed  to  those  of  the  corresponding  chloroiodo-compound. 
It  melts  at  97°.     (Found,  CI  =  9-32.     Calc,  CI  =  9-30  per  cent.) 

System :  Monosymmetric. 

Axial  Ratios  :  a:h:c  =  0815  : 1  :  0673  ;  /?  =  95°28'. 
Equivalence  Parameters:  x:y  :  2  =  3*291  :  4040  :  2-719. 
Forms  present ;  {010},  {001},  {021},  {212},  {211}. 


No.  of 

Angle. 

observations. 

Limits. 

&[ean. 

Calculated 

001  :  021 

21 

58°11'—  58°35' 

58''20' 

— 

021  :  010 

17 

31  17  —  31  54 

31  39 

3r40' 

001  :  010 

20 

89  45  —  90  15 

90    0 

90    0 

001  :  212 

23 

54  53  —  55  20 

55    9 

— 

212  :  001 

20 

124  40  —124  58 

124  50 

124  51 

010  :  212 

19 

74  37—75    8 

74  48 

— 

212  :  212 

13 

30    7—30  41 

30  21 

30  24 

021  :  212 

4 

58  26  —  58  33 

58  29 

58  28 

212  :  211 

3 

17  59—  18  10 

18    4 

18    1 

21.     1 :  ^■Iodohromohenzene-2-8ulpJian'Uxde. 
This  anilide  separates  readily  from  acetone.     It  melts  at  150°. 

System  :  Monosymmetric. 

Axial  Ratios  :  a:h.c  =  \  -329  : 1  :  0979  ;  /3  =  97°1 8'. 
Equivalence  Parameters  :  x  :  y  :«  =  7*909  :  2976  :  2913.     [2tt.] 
Forms  present:  {100},  {001},  {101},  {TOl},  {111},  {llT},  {121}. 


No.  of 

Anglo. 

observations. 

Limits. 

Mean. 

Calculated 

100  :  001 

3 

97°  4'—  97°10' 

97^  7' 

97^18' 

100  :  101 

3 

38  41  —  39  20 

38  54 

38  53 

101  :  001 

3 

58    9—68  29 

58  20 

58  25 

001  :  101 

5 

48  47  —  49  16 

49    1 

48  57 

101  :  loo 

1 

33''44' 

33  44 

33  45 

111  :111 

20 

79  14—80    5 

79  40 



111  :  111 

20 

99  56  —100  48 

100  19 

100  20 

101  :  111 

7 

36  15  —  36  55 

36  38 

36  27 

111  :  121 

6 

18  55  —  19  23 

19    7 

19  27 

121  :  121 

15 

68    3—68  27 

68  12 



001  :  111 

35 

65  40  —  66  48 

66  17 



111  :  111 

17 

55  11—56    8 

55  28 

55  36 

Hi  :00f 

19 

57  49  —  58  35 

58  22 

58    7 
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As  is  generally  the  case,  the  face  {111}  is  very  bad  indeed,  account- 
ing for  the  discrepancy  between  the  mean  observed  and  calculated 
values  of  the  angles  over  this  face. 

10.     1  :4:-Chloriodobenzene-2-8ulphonic  Chloride. 

This  crystallises  readily  from  a  mixture  of  benzene  and  light  petrol- 
eum. It  melts  at  88°.  [Found,  (sulphonic)  CI  =  10-50.  Calc,  Cl  = 
10'52  per  cent.] 

System  :  Monosymmetric. 

Axial  Ratios:  a  :  6  :  c  =  2-58.3  : 1  :  M76  ;  /3  =  99°7'. 

Equivalence  Parameters  :  x:y  :2;  =  5'914  :  2*289  :  2-692. 


'ms  present : 

{100},  {1 

10},  {HI},  {111}, 

{221}. 

No.  of 

Angle. 

observations. 

Limits. 

Mean. 

Calculated 

100  :  111 

43 

78°47'—  79"'21' 

79°  0' 

— 

111  :  111 

14 

32  42  —  33  14 

32  59 

32°57' 

111  :  100 

14 

67  49  —  68  17 

68    3 

— 

111  :  111 

18 

82  58  —  83  30 

83  13 

— 

111  :  111 

20 

96  35—97    8 

96  47 

96  47 

111  :  221 

6 

15  58—  16  10 

16    3 

16    3 

221  :  110 

7 

21  12  —  21  33 

21  21 

21  22 

110  :  111 

8 

39  42  —  40  14 

39  58 

40    1 

111  :  111 

7 

102  20  —102  46 

102  34 

102  34 

100  :  110 

8 

68  16  —  68  38 

68  25 

68  35 

12.     \  :  i-Bromoiodobenzene-2-sulphonic  Chloride. 

This  crystallises  in  a  labile  form  from  a  mixture  of  benzene  and 
light  petroleum.  It  melts  at  91°.  (Found,  CI  =  9-32.  Calc,  CI  =  9-30 
per  cent.) 

System  :  Monosymmetric. 

Axial  Ratios:  a  :  6  :  c  =  2-555  : 1  : 1-158;  y3=94°23'. 

Equivalence  Parameters  :  x:y:z  =  5-882  :  2-302  :  2-666. 

Forms  present :  {100},  {110},  {111},  {Til}. 


No  of 

Angle. 

observations. 

Limits. 

Mean. 

Calculated 

100  :  111 

10 

75°40'—  76°21' 

76"  8' 

— 

111  :  111 

10 

32  51—33    7 

33    1 

— 

ill  :  100 

8 

70  29  —  71  29 

70  51 

70°51' 

111  :  111 

4 

94  27  —  94  44 

94  85 

— 

100  :  110 

10 

68  32  —  68  54 

68  40 

68  34 

111  :  111 

5 

102    3—102  28 

102  13 

102  12 

111  :  110 

3 

38  13  —  38  23 

38  18 

38  18 

22.     1  :  i-Chloriodohenzene-% sulphonic  Bromide. 

This  crystallises  readily  from  benzene.     It  melts  at  143°.     (Found, 
Br  =  21 -10.     Calc,  Br  =  20*98  percent.) 
System  :  Monosymmetric. 

Axial  Ratios:  a  :  6  :  c  =  2-567  :  1  :  1-167  ;  ^=100°30'. 
Equivalence  Parameters  :  x  -.y:  «  =  5'912  :  2-303  :  2-689. 
Forms  present  :  {100},  {001},  {110},  {111},  {111},  {221}. 
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Xo.  of 

Angle. 

observations. 

Limits. 

Mean.  _ 

Calculated 

100 

111 

17 

79°36'—  79°55' 

79°47' 

— 

111 

100 

19 

100  1  —100  30 

100  14 

loons' 

100 

110 

14 

68  12  —  68  33 

68  23 

— 

110 

110 

6 

43  8—43  27 

43  14 

43  14 

111 

111 

10 

96  23  —  97  26 

96  44 

96  44 

111 

111 

10 

82  45  —  83  39 

83  17 

83  16 

100 

001 

5 

100  9  —100  45 

100  29 

100  30 

001 

100 

5 

79  10  —  79  47 

79  30 

79  30 

001 

111 

7 

53  5  —  53  38 

53  22 

53  20 

111 

.110 

11 

40  17  —  40  45 

40  31 

— 

110 

221 

17 

21  15  —  21  40 

21  23 

21  28 

221 

001 

8 

64  28  —  64  53 

64  45 

64  41 

100 

:  221 

8 

66  8—66  34 

66  20 

66  24 

16.     1  :  4rDichlorobenzene-2-sulphonam{de. 

This  substance  crystallises  from  a  mixture  of  acetone  and  ethylic 
acetate  in  bright  plates,  which  are  very  much  given  to  twinning.  It 
melts  at  182°. 

System:  Monosymmetric  ;  a  :6  :c  =  0-423  : 1 :  0-421  ;  )8=91°44'. 

Equivalence  Parameters  :  2-573  :  6079  :  2-558. 

Forms  present:  {010},  {110},  {021},  {111},  {Til}. 

No.  of 

Limits. 
66°52'— 67°16' 
45  36  —46  4 
49  37  —50  18 
76  26  —76  56 

44  37  —44  55 

58  21  —58  51 
73  51  —74  34 

59  46  —60  3 

45  21  —46  1 
73  34  —73  44 

The  substance  exhibits  pseudo-cubic  symmetry,  the  parameters  a 

and  c  being  practically  equal.     This  is  evidence  of  the  existence  in 

the  structure  of  the  rhombohedral  type  of  marshalling. 


Angle. 

observations. 

010  :  110 

19 

110  :  110 

8 

010  :  021 

17 

110  :  021 

10 

021  .•  Ill 

4 

111  :  110 

4 

021  :  110 

15 

110  :  111 

4 

111  :02l 

5 

010  :111 

6 

Mean. 

Calculated 

67°  4' 

— 

45  50 

45°52' 

49  56 

— 

76  43 

76  44 

44  44 

44  47 

58  32 

58  29 

74  13 

— 

59  53 

60  4 

45  41 

45  43 

73  40 

73  37 

CXLIX. — The    Molecular    Complexity    of   Amides   in 
Various  Solvents.     Part  II. 

By  Andrew  Norman   Meldrum  (Carnegie   Research   Fellow)  and 
William   Ernest  Stephen  Turner. 

Two  years  ago  the  authors  communicated  the  results  of  a  study 
of  the  molecular  complexity  of  eleven  amides  (simple  and  sub- 
stituted) in  each  of  the  solvents,  water,  alcohol,  acetone,  chloroform, 
ether,  and  benzene  (Trans.,  1908,  93,  876).  These  solvents  were 
suitable  for  our  purpose  by  reason  of  their  dielectric  constants,  which 
range,  at  ordinary  temperatures,  from  about  80  in  the  case  of 
VOL.   XCVII.  5   N 
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■water  to  2  for  benzene.  Our  principal  object  was  to  test  the 
soundness  of  what  may  be  called  the  Nernst-Thomson  rule,  that 
the  tendency  of  the  solute  to  molecular  association  is  hindered  or 
allowed  according  as  the  dielectric  constant  of  the  solvent  is  high 
or  low.  We  were  successful  to  a  considerable  degree  in  demon- 
strating that  the  rule  is  sound.  Special  attention  should  be  drawn 
to  our  results  in  the  case  of  ether,  which  had  been  regarded  as 
preventing  association  of  the  solute  (Beckmann,  Zeitsch.  physikal. 
Chem.,  1890,  6,  455).  We  found  that  this  solvent  is  an  associating 
one,  as  by  reason  of  its  low  dielectric  constant  it  ought  to  be.  In 
the  case  of  water,  however,  we  found  important  exceptions  to  the 
rule.  We  desired  to  confirm  and  extend  these  observations,  par- 
ticularly as  regards  ether  and  water.  Other  points  of  interest 
arose:  for  example,  we  wished  to  observe  the  alteration  in  the 
degree  of  association  in  the  passage  from  member  to  member  of  a 
series  of  aliphatic  amides. 

In  the  investigation  which  we  now  describe,  we  examined 
seventeen  additional  substances  of  the  amide  type,  including 
carbamides,  anilides,  and  urethanes,  using  the  same  organic  solvents 
as  before.  The  data  regarding  amides  in  aqueous  solution,  which 
present  some  remarkable  features,  are  reserved  for  another  com- 
munication. The  particular  boiling-point  process  by  which  the 
molecular  weights  were  determined  has  been  subjected  by  one  of 
us  to  a  thorough  scrutiny  (Turner,  this  vol.,  p.  1184). 

In  our  earlier  paper  we  pointed  out  that  the  two  methods  of 
determining  the  amount  of  the  solvent,  by  weighing,  and  by  reading 
the  volume  of  the  solution — the  method  adopted  by  Lumsden  and 
Walker — lead  to  results  which  differ  little  unless  the  solution  is  a 
concentrated  one.  We  therefore  adopted  the  volume  method,  with 
the  proviso  that  we  should  make  a  special  comparison  of  the  extent 
of  association  of  different  substances  only  in  dilute  solution. 

At  the  outset  of  the  second  part  of  our  work,  especially  in  view 
of  the  advance  in  accuracy  obtained  by  using  the  new  form  of 
apparatus,  we  had  to  consider  again  how  the  amount  of  solvent 
should  be  determined. 

It  may  be  remarked  that  the  difference  between  the  two  sets  of 
molecular-weight  data  is  to  be  ascribed  chiefly  to  the  inclusion,  in 
the  volume  of  the  solution,  of  the  solution-volume  of  the  solute 
itself.  The  difference  therefore  should  be  least  in  those  solutions 
in  which  contraction  occurs  when  solvent  and  solute  are  mixed. 

An  endeavour  has  been  made,  when  the  solubility  of  the  amides 
would  allow  of  it,  to  determine  the  molecular  weights  of  the  various 
substances  in  solutions  of  approximately  equiniolecular  concentra- 
tion.    As  a  consequence,    the  quantity    of   substance   required    is 


COMPLEXITY    OF    AMIDES   IN    VARIOUS   SOLVENTS.      PART   II.      1607 

greater  the  higher  its  molecular  weight.  At  the  same  time,  the 
greater  proportion  of  the  volume  of  the  solution  occupied  by  the 
solute  results  in  a  greater  difference  between  the  two  sets  of  data 
(the  weight  and  volume  sets).  On  the  whole,  however,  the  actual 
percentage  difference  between  the  two  sets,  at  the  standard  con- 
centration adopted  of  30  milligram-molecules  per  100  c.c,  is  nearly 
the  same,  amounting  to  about  3  per  cent. 

In  view  of  the  smallness  of  the  differences  at  the  standard  con- 
centration, it  appeared  to  us  advantageous  to  adhere  to  the  volume- 
method,  and  thus  to  put  ourselves  in  the  position  of  being  able 
to  compare  our  present  with  our  previous  results.  In  order  to 
illustrate  the  nature  of  the  differences  between  the  two  methods, 
we  have  quoted  both  weight  and  volume  results,  for  solutions  in 
alcohol,  acetone,  benzene,  and  chloroform,  of  propionamide,  as  a 
typical  aliphatic  amide,  and  methylacetanilide,  as  containing  the 
phenyl  group.  In  the  case  of  all  other  amides,  in  those  solvents 
and  in  ether  as  well,  we  have  given  only  the  volume  data. 

Experimental. 

Most  of  the  materials  were  obtained  from  Kahlbaum,  and  were 
crystallised  until  of  constant  melting  point.  The  determination 
of  this  was  carried  out  by  means  of  a  melting-point  flask  with  long 
neck,  and  a  series  of  standardised  short>-st«m  thermometers.  The 
numbers  enclosed  in  parentheses  are  those  quoted  by  Beilstein : 
Propionamide  80°  (79°),  valeramide  126-5°  (127°),  n-butyramide 
114—114-4°  (115°),  «obutyramide  1275°  (128—129°),  tsobutyl- 
acetamide  118— -118-8°  (120°),  were  crystallised  from  benzene; 
phenylcarbamide  146-5—147°  (147°),  diphenylcarbamide  239—240° 
(235°),  phenylacetamide  157°  (154—155°),  urethane  49°  (49—50°), 
from  alcohol ;  ethylacetanilide  53°  (545°),  and  methylacetanilide,  of 
■which  the  original  specimen  and  all  crops  melted  at  98 — 99° 
(101—102°),  from  ether;  and  lactanilide  58-5- 591°  (58°)  from 
water.  Formanilide,  in  the  purification  of  which  considerable  diffi- 
culty was  at  first  encountered,  was  finally  found  to  yield  beautiful, 
colourless,  needle-shaped  crystals  when  excess  of  the  substance  was 
boiled  with  light  petroleum  (b.  p.  60 — 80°)  and  the  excess  allowed 
to  solidify  under  the  solvent,  m.  p.  47 — 475°  (46°).  The  solvents 
were  carefully  purified  and  fractionally  distilled  as  described  in  our 
previous  communication.     The  constants  used  were  as  follows : 

VolunK'.  Weij^ht. 

.    Alcohol 1690  1170 

Acetone 2270  1720 

Chloroform    ...        2770  3000 

One  change  has  been  made  in  the  constants  used  in  the  previous 

5  N  2 


Voluino.   Wi'ight. 

Ether 3100     2160 

Benzene   8200      2610 
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communication,  namely,  in  that  for  chloroform  (compare  Beckmann, 

Zeitsch.    'physikal.   Chem.,    1908,  63,  177;    and   Turner,  this   vol., 

p.  1192).     The  older  results  in  chloroform  solution,  wherever  they 

are  quoted  in  this  paper,  have  been  recalculated  on  the  new  basis. 

In  the  tables  which  follow : 

Nv  denotes  the  number  of  milligram-molecules  per  100  c.c.  of  solution. 
N^  „  „  ,.  ,.    100  g. 

M.W.^  „   molecular  weight  detennined  by  the  volume  method. 

M.W.„  „  ,,  ,,  „       weight        „ 


Solvent — Alcohol. 
W.  A.  Nr.  M.W.„. 

Propionamide  (M.  W.  73*1),  1*549  grams. 


M.W 


26  3 
32 -4 
37-8 
44-3 
50-0 

18-62 
23-36 
27-54 
31-90 
36-38 

1-178 
0-944 
0-803 
0-694 
0-610 

80-7 
65-4 
56-0 

47-8 
42-4 

79-6 
80-6 
81-1 
80-1 
80-7 

82-6 
82-2 
82-0 
81-9 

81-7 

Methylacetanilide  (M.W 

.  149),  2-880  grams. 

24-7 
32-5 
41-5 
51-4 
60-7 

16-41 
21-88 
28-64 
35-77 
42-65 

1-369 
1-039 
0-804 
0-642 
0-542 

78-2 
59-4 
46-5 
37-6 
31-8 

135 
136 
137 
139 
139 

150 

148-5 

146 

147 

146 

•r. 

A. 

N,. 

M.W.,. 

V. 

A. 

N,. 

M.W.^ 

U'Eutyraniide  (M.W. 
1'405  grams. 

S7-1), 

isoBulyr amide  (M.W. 
1371  grams. 

87-1), 

27-7 
35-8 
44-2 
52-8 

0-949 
0-730 
0-593 
0-489 

58-1 
45-0 
36-5 
30-6 

84-8 
85-8 
85-2 
86-6 

23-8 
32-0 
39-2 
47-1 
56-3 

1-068 
0-811 
0-640 
0-531 
0-437 

66-0 
49-2 
40-1 
33-4 
27-9 

85-6 
84-0 
86-8 
87-1 
88-6 

iso FaZera?n.i(fc  (M.W.  ] 
1-722  grams. 

101 -1), 

isoButylacetamide  (M.AV 
1-505  grams. 

115-1), 

23-9 
32-5 
41-8 
50-9 
62-3 

1-213 
0-890 
0-687 
0-556 
0-448 

71-1 
62-4 
40-7 
33-4 
27-4 

94-2 
94-6 
95-2 
96-6 
98-1 

25-8 
33-2 
41-1 
49-4 

57-7 

0-859 
0-645 
0-5U 
0-423 
0-358 

50-7 
39-4 
31-8 
26-5 
22-6 

107-7 
111-9 
113-8 
114-4 
115-7 

Glycollamide  (M.W.  75-0), 
1-330  grams. 

Lactamidc  (M.W.  89-1),  1-428  grams 

27-2 
34-8 
45-1 
54-1 

0-982 
0-766 
0-606 
0-493 

65-2 
50-9 
39-3 
32-7 

79-1 
79-3 
77-4 
79-2 

30-6 
38-1 
46-1 
55-6 

0-790 
0-649 
0-543 
0-453 

52-4 
42-0 
34-7 

'28-8 

93-9 
91-8 
90-8 
90-1 

PhevylacetMinide  (M.W. 
2-302  grams. 

135-1), 

Formanilide  {,^\..y^ .  V 

21-1),  2-252  gram 

29-2 
39  1 
48-9 
57-6 
d7-0 

0-942 
0-711 
0-566 
0-475 
0-409 

58-3 
43-6 
34-8 
29-5 
25-4 

133 
132 
132 
134 
134 

27-0 
35-2 
41-7 
49-5 
57-3 

1-108 
0861 
0-730 
0-619 
0-537 

68-8 
52-8 
44  6 
37-5 
32-4 

119-6 
118-1 
117-1 
116-8 
116-6 
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Solvent — Alcohol   (continued). 


V. 

A. 

N^ 

M.W.,. 

V. 

A. 

^,. 

M.W.^ 

Giycollanilide  (M.W. 

151),  1 -895  grams. 

LactanUide  (M.W 

165),  2 -302  grams. 

26-1 

0-749 

48-0 

154 

-26-3 

0-865 

53-1 

161 

33-3 

0-6C0 

37-6 

151 

33-8 

0-653 

41-2 

166 

410 

0-500 

30-6 

147 

44-7 

0-5-20 

31-2 

158 

50-5 

0-411 

24-8 

145 

54-7 

0-413 

25-5 

162 

Urelhane  (M.W.  89-1),  1-799  grams. 

Phenylurethaiu  (M.W 

165), 

22-& 

1-391 

89-4 

91-1 

2-313 

grams. 

29-7 

1049 

68-1 

91-9 

•25-2 

0-870 

55-6 

168 

35-2 

0-876 

57-3 

92-7 

31  0 

0-716 

45-1 

165 

42-7 

0-7-20 

47-2 

92-9 

38  1 

0-588 

36-7 

164 

49-7 

0-615 

40-6 

93-6 

45-8 

0-494 

30-6 

162 

57-3 

0-5-27 

35-3 

94-6 

52-6 

0-4-25 

26-7 

165 

Ethylacetanilide 

(M.W. 

163), 

Phmiylcarbamide  (M.W. 

136-1), 

2-327  grams. 

2-678 

grams. 

25-2 

0-934 

56-6 

157 

260 

0-998 

75-8 

164 

32-5 

0-719 

43-9 

158 

32-6 

0-803 

60-3 

162 

40-4 

0-587 

35-3 

156 

38-6 

0-696 

51-0 

158 

50  0 

0-474 

28-5 

156 

45-5 

0595 

43-2 

157 

60-0 

0-400 

-23-8 

154 

51-5 

0-533 

38-2 

155 

Diphenylcarbamide  (M.W.  212), 
1073  grams. 

58-3  0-149  8-7        196 

62-8  0-131  8  0        207 


V. 


Solvent — A  cetone. 
/r.  A.  N^  M.W.,. 

Propionamide  (M.W.  73-1),  1*238  grams. 


M.W.,. 


24-6 

17-83                1-351 

68-7                84-4 

87-4 

31-7 

22  93                 1-095 

53-4                80-7 

83-8 

41-3 

30-16                 0-872 

40-9                78-0 

80-0 

50-1 

36-81                0-735 

33-8                76-3 

77-8 

Methylautanilide  (M.W. 

149),  1*553  grams. 

22-8 

16-17                1-076 

45-6               143 

152 

29-8 

21-42                 0-829 

34-9               143 

149 

35-4 

25-78                 0-692 

29-4               144 

148 

43-8 

31-63                0-571 

23-8               141 

146 

V.  A.  N^         M.W,. 

Aeetamide  (M.W.  59),  1015  grams. 


231 

1-361 

74-3 

72-9 

29  6 

1135 

581 

68-6 

37-7 

0-927 

45-6 

66  0 

48-3 

0-742 

35-6 

64  3 

55-2 

0-667 

31  2 

62-6 

iaontUyramitU  (M.W. 

87-1), 

1-289 

grams. 

21-1 

1  -337 

70-3 

103-9 

26-3 

1-182 

56-4 

94-2 

36-0 

0-883 

41  1 

921 

43-2 

0-740 

34  3 

91-5 

60  9 

0  645 

29  1 

89-6 

V.  A.  N^         M.W,. 

n-Bulyramide  (M.W.  87 '1), 
1  '285  grams. 

25  0  1-204  58-9*  96-8 

32-0  0-968  46-1  94-2 

41-3  0-767  35  7  92-1 

52-3  0-612  28-2  91-2 

Fbferorrtirfe  (M.W.  1011),  1  330  grams. 

26-3  1-081  50-1  106-4 

320  0-898  41-1  106  2 

39-2  0-761  33-5  1012 

46-1  0-656  28-5  997 
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Solve  It  t — A  cetone   (continued). 


V.  A.  N^.        M.W., 

ISO Butylacetamide  (M.W.  115-1), 
1*784  grams. 


V.  A.  JV,.         M.W.„. 

GlycoUamide  (M.W.  75),  0*472  grams. 
37-5  0-351  16-8  81*4 


23-3 

1-390 

66*5         125 

467 

0-307           13-5 

74 

29-5 

1-129 

52-5        121 

54-5 

0-269           11-5 

73 

38-4 

0-880 

40-3         120 

45-2 

0-767 

34-3         117 

Phenylacetamide  ( M .  W. 

135), 

Lactam 

ide  (M.W. 

89-1),  1-234  grams. 

1-809  grams. 

27*8 

0-902 

49-8         111-6 

26-3 

1-036          51-0 

151 

34-4 

0752 

40-2        108-1 

33-2 

0-842           40-4 

147 

41*1 

0-663 

33-7         102-8 

39-4 

0-714           34-0 

146 

47*9 

0-594 

28-9           98-4 

46-6 

0*616          28-8 

143 

Formanilide  (M.W.  121),  1-364  grams. 

26-3  0-977  42-9  121 

33-3  0-767  33-8  121 

40-8  0-639  •     27-6  119 

48-0  0-550  23-5  117 

Lactanilide  (M.W.  165),  2-120  grams. 

25-6  1-116  50-0  168 

32-4  0-900  39-7  165 

39-1  0754  32-9  164 

45-5  0-646  28-2  164 


Phenylurethanc  (M.W.  165), 
1*905  grams. 

22-4          1-203          51-4 
29-9          0-930          38-5 
377          0731          30*6 
47-1           0-595          24-5 

160 
155 
157 
154 

Phenylcarbamidc  (M.W. 
1-288  grams. 

136), 

22-3          0-777          42-4 
28-0          0-655          33-8 
34  0          0-563          27*8 
437          0-454          217 

168 
160 
152 
147 

Glycollanilide  (M.W.  151),  1*904  grams. 

27-5  1-013  457  155 

34-9  0-751  36-1  157 

41-1  0-687  30-6  153 

49-6  0*568  25-4  153 


UretJmnc  (M.W.  89*1),  1-367  grams 

31-2          1*072          49  2 
39-1           0-865           39-3 
46-9          0714          32-7 
57*9          0*560          26*5 

92-8 
92-0 
92-6 
95-6 

Ethylacetanilide  (M.W. 
2-000  grams. 

163), 

29-8           0-942           41-1 
39-1           0-706          31-4 
48-8           0-569          25*1 
59*4           0*471           20-6 

162 
165 
163 
162 

Diphenylcarhamidc  (M.W.  212), 
1-168  grams. 

41-0  0-294  13-4         220 

54-8  0-234  10*0        206 


Solvent — GJdoroform. 

V.  IK  A.  N,.  M.W. 

Propionamidc  (M.W.  73*1),  0*896  gram. 


M.W., 


19-4 

26*6 

1-159 

63-2 

110*4 

113*3 

260 

35*1 

0-949 

47-1 

100-5 

104*8 

327 

44*2 

0*767 

37-6 

99-0 

103  0 

40*8 

55*2 

0-622 

30-0 

977 

101-7 

48*0 

657 

0-540 

25-5 

957 

98*5 

Methylacdavilide  (M.W. 

149),  0-9245 

gram. 

22-2 

30*5 

0*816 

28  0 

142 

145 

28-9 

387 

0-657 

21*5 

135 

142 

38*0 

51-4 

0-491 

16-3 

137 

143 

47*6 

66-2 

0-882 

13-0 

141 

145 
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Solvent — Chloroform  (continued). 

AV  M.W.,.  F.  A.  lY.. 


M.W.^ 


Buttjrajnidc  {ii.W .  87),  1*796  grams.  isoButyraynide  {iL'SY.  87),  1'646  grams. 

34-6          1-245          59-6          115-6  36-0          1-095          52-6          115-6 

390           1-120           52-9           114-0  41-5           0-985           456           111-6 

43-2           1045           47-8           1102  47-8           0870           39-6           1094 

47-7          0-950          43-3          110-1  529          0795          35-8          lOSS 

52-6          0-845          39-2          111-8  58-2          0-735          32-5          106-8 


Vakramide  (M.W.  101),  2-115  grams. 


39  0 

45-7 
52-0 
68-3 
64  9 


1-065 
0-940 
0-825 
0-750 
0-685 


53-7 
45-8 
40-3 
35-9 
32-3 


141 
136 
137 
134 
132 


\soButylacelamide  (YL.Yf .  115), 
1-715  grams. 


470 

0-645 

31-8 

157 

52-9 

0-590 

28-2 

152 

58-5 

0-555 

25-5 

146 

64-2 

0-490 

23-2 

151 

Phenylacctamide  (M.W.  135), 
1-663  grams. 

39-7  0-695  310  167 

46-3  0-645  26-6  154 

52-4  0-550  23-5  160 

60-6  0-475  20  3  160 

Glycollanilide  (M.W.  151),  2-026  grams. 

37-5  0-490  35-8  305 

44-0  0-480  30-5  266 

50-8  0-440  26-4  251 

57-3  0-405  23-4  242 


UreiJuDU  (M.W.  89),  1-617  grams. 


33-6 
39-4 
46-3 
52-7 
58-3 


195 
030 
905 
790 
685 


54-1 
461 
39-2 
34-4 
31-2 


111-6 
110-4 
106-9 
107-5 
112-1 


Ethylacetanilide  (M.  W. 
2-218  grams. 

61-5  0-805  26-4 

56-9  0-765  23-9 

62-7  0-715  21-7 

67-8  0-645  20  1 


163), 


148 
141 
137 
140-5 


Formanilide  (M.W.  121),  1-430  grams, 

22-2  1-050  53-2  170 

29-2  0-847  40-5  160 

35-8  0-680  33-0  163 

42-6  0-599  27-7  155 

Ladanilide  (M.W.  165),  2  125  grams. 


45-5 
51-6 
57-7 
62-7 
68-8 


0-535 
0-485 
0-450 
0-430 
0-415 


28-3 
25-0 
22-3 
20-5 
18-7 


242 
235 
227 
218 
206 


Phenylurethane  {}A.Yf .  165), 
2-284  grams. 


42-4 
48-6 
65-4 
60-0 
65-2 


0-870 
0-745 
0-645 
0-590 
0-555 


32-7 
28-5 
25  0 
23-1 
-21-2 


171- 
175 
177 
179 
175 


A. 


N,. 


Solvent — Ether. 
M.W...  V. 


a;. 


M.W., 


Propionamide  (M.W.  73-1), 
0-3610  gram. 

88-3  0-325  12-9  89  9  34-7 

39-8  0-315  12-4  893  479 

41-8  0-3-25  11-8  82-4  49'4 

43-8  0-330  11-3  77*4  50-5 


Methylaeetanilide  (M.W.  149), 
1*532  grams. 

0-880  29-6  155-5 

0-645  21-5  164 

0-630  20-8  163 

0-620  20-4  152 
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Solvent— Ether   (continued). 


V.              A.             N,. 

M.W.„. 

■  r.           A. 

iV„.         M.W.,. 

imButylacetamide  (M.W, 

115), 

Formanilide  (M.W. 

121),  1  -052  grams 

0-540  gram. 

39-1           0-575 

22-2         145 

40-5           0-265          11-6 

156 

41-4           0-550 

21-0         143 

42-4           0-260           11-1 

152 

43-7           0-530 

19-9         141 

44-5           0-250           10-5 

150-5 

45-9          0-520 

18-9         137 

46-6           0-245           10-1 

147 

47-9          0-505 

18-2        135 

49-0          0-235            9-6 

145 

Glycollanilide  (M.W.  151), 

0-5346  gram. 

Lactanilidc  (M.W. 

165),  1-978  grams. 

36-4          0-275            9-7 

165 

38-4          0-725 

31-2         220 

39-5           0-250             9-0 

168 

39-8          0-705 

30-1         219 

41-8          0  260            8-5 

152 

44-0           0-670 

27-2        208 

43-8           0-245             8-1 

154 

46-5           0-640 

25-8         206 

45-3          0-230            7-8 

156 

Phcnylureihune  (M.W.  165), 

Vrethane  (M.W.  89-1),  1-013  grams. 

2-940 

grams. 

37-2          0-810           30-6 

104-2 

39-5           1-345 

45-1         172 

39-4          0-765          28-8 

104-2 

42-9           1-260 

41-5         169 

420          0-740          27-1 

101 -0 

51-4           1-040 

34-7         170-5 

44-0          0-710          25-8 

100-5 

62  0           0-860 

28-7        171 

Ethylacetanilide  (M.W. 

163), 

2-491  grams. 

36-4          1-225          42-0 

173 

38-4          1-180          39-8 

170-5 

46-6          0-960          32-8 

173 

48-6          0-940     .     31-5 

169 

w. 


Solvent — Benzene. 
A.  iV,. 


M.W. 


rrupionamide  (M.W.  73-1),  0  942  gram. 


M.W. 


22-7 
33-4 
45-2 
60-2 

17-97                0-854 
26-89                0-687 
36-37                0-545 
48-39                0-446 

56-7                155 
38-5                131 
28-5                 122 
21-4                 112 

160 
133 
124 
114 

Meihylacetanilide  (M.W. 

149),  1-803  gram. 

26-4 
39-2 
52-2 

20-51                1-483 
30-81                0-987 
41-36                0-754 

45-8                147 
30-8                 149 
23-2                 147 

155 
155 
151 

V.  A.  N,.  M.W.,. 

n-Butyramide  (M.W.  87-1),  1  "288  grams. 


29-2 

0-844 

50-7 

168 

42-7 

0-647 

34-6 

149 

57-5 

0-523 

25-8 

187 

1-054 

grams. 

27-0 

0-764 

44-8 

163 

40-0 

0-587 

30-3 

144 

62-8 

0-467 

22-9 

136 

V.              A.             iV,.  M.W.,. 

iaoButyramule  {}A.\f.  87-1), 
1-269  grams. 

29-2           0-842           49-8  165 

42-3           0-665           34-4  144 

57-9           0-549           25-2  128 

0-951  gnim. 


25-0 

0-788 

43-6 

154 

37-2 

0-605 

29-3 

135 

48-3 

0-602 

22-6 

125 
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Solvent — Benzene  (continued). 


V.              A. 

N,. 

M.W.^ 

V. 

A.              N,. 

M.W., 

VaUramide  (M.W. 

101-1),  1-432  grams. 

isoButylacetamule  (M.W. 

115-1), 

26-6           0-941 

53-2 

183 

1-431  grams. 

38-4           0-741 

36-8 

161 

28  1 

0-851           44-2 

191 

51-2           0-602 

27-6 

149 

40-7 

0-670          30-5 

168 

640           0-504 

22-1 

142 

63-7 

0-558          23-1 

153 

65-3 

0-475          19-0 

148 

Forma7iilide{^.^.  121),  1-435  grams. 

27-2  1-006  43-5  168 

39-5  0-752  30-0  154 

53-3  0-597  22-2  144 

Lactanilide  (iI.W.  165),  1-293  grams. 


Glycollanilide  (M.W.  151),  1-132  grams. 

26  0  0-549  28-7  254 

37-4  0-451  200  215 

50-7  0-370  14-8  194 

64-2  0-304  11-7  185 

Urethane  {}S..^ .  89-1),  1-450  grams. 


24-1           0-639           32-5 
36-1           0-498           21-7 
47-6           0-406           16-4 
61-0          0-338          12-8 

269 
230 
214 
201 

27-8          1-189          58-4 
41-0          0-852          39-7 
53-9          0-666          30-2 

140 
133 
129 

Phenylurethane  (M.W. 
2140  grams. 

165), 

Ethylacetanilide  (M.W. 
2-021  grams. 

163), 

•26-3           1-514           49-3 
39-7          1-011          32-7 
54-1           0-740           23-9 

172 
171 
171 

28-7           1-442           43-2 
44-1           0-940           281 
62-7          0-630          19-8 

157 
156 
164 

Discussion  of   Results. 

It  is  not  always  easy  to  draw  a  dividing  line  between  the  sub- 
stances which  do  and  those  which  do  not  form  associated  molecules. 
We  have  so  far  met  the  difficulty  by  assuming  association  to  exist 
where  the  molecular-weight  values  exceed  the  normal  by  10  per 
cent,  at  the  concentration  of  30  milligram-molecules  per  100  c.c. 
Our  observations  were,  of  course,  confined  within  the  solubiHty 
limit  of  the  amides,  and  this  limitation  is  most  serious  in  the  case 
of  solutions  in  ether. 


I. — The  Influence  of   the  Solvent  in  HintJfi'nui   <,r    Minn  i tin 
Association  of  the  Solutr. 

That  a  relation  exists  between  the  dielectric  constant  of  the 
lolvent  and  the  degree  of  association  of  the  solute  can  be  seen  from 
the  following  summary  of  the  results.  Those  of  the  previous 
investigation  are  included,  and  are  indicated  by  an  asterisk.  The 
dielectric  constants  ought  to  be  those  of  the  solvents  at  the  boiling 
point,  but  we  can  only  quote  available  data : 
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Solvent. 
No.  of  amides  investigated    ... 
„           ,,       which  form  sim- 
ple molecules   

No.  of  amides  which  form  as- 
sociated molecules  

Alcohol. 
11*  +  17 

24 

1  and  3 

doubtful 

25-4  at 

18-5° 

Acetone.  Chloroform.  Ether.  Benzene. 
10*417       9*-t-13       5*-f9     9*-l-12 

20          3  and  1      3  and  2    3  and  1 
doubtful  doubtftd  doubtful 

4  and  3         18              9            17 

Dielectric  constant  of  solvent.. 

doubtful 

21-2  at        5  at        4-4  at      2-3  at 
22°            22°            18°           18° 

We  give  the  following  notes  in  amplification  of  the  above 
summary : 

1.  Alcohol:  pEenylcarbamide  is  associated,  carbamide,*  malon- 
amide,*  and  propionamide  *  are  doubtful. 

2.  Acetone:  acetamide,*  propionamide,  lacfcamide,  and  phenyl- 
carbamide  are  associated,  butyramide,  isobutyramide,  and  phenyl- 
acetamide  are    doubtful. 

3.  Chloroform:  benzanilide,*  methylacetanilide,  ethylacetanilide, 
and  phenylurethane  are  unassociated. 

4.  Ether :  methylacetanilide,  phenylurethane,  and  ethylacetanilide 
are  unassociated,  salicylamide  *  and  glycollanilide  are  doubtful. 

5.  Benzene :  methylacetanilide,  ethylacetanilide,  and  phenyl- 
urethane are  unassociated,  benzanilide  *  is  doubtful. 

The  fact  that  alcohol  and  acetone  cannot  be  regarded  absolutely 
as  non-associating  solvents  is  in  accordance  with  the  relation  which 
we  find  to  hold  between  the  dielectric  constant  and  the  degree  of 
association  of  the  solute.  For  we  should  expect  a  substance  which 
is  markedly  associated  in  benzene  with  a  dielectric  constant  of  2"3 
to  reveal  its  tendency  to  association,  although  only  to  a  slight  and 
ill-defined  extent,  in  solvents  like  alcohol  and  acetone,  the  dielectric 
constants  of  which  are  25  and  21  respectively. 

As   before,    we   have    calculated    the    molecular    weights     and 
association  factors  at  the  concentration  of  30  milligram-molecules 
per  100  c.c.  in  the  solvents  benzene,  ether,  and  chloroform.     The] 
following  table  includes  all  our  results,  those  of  the  previous  paper] 
being  shown  by  an  asterisk.     The  older  chloroform  data  have  been 
recalculated,  using  the  new  constant  (p.  1607). 

Propionamide,  isobutylacetamide,  and  glycollanilide  are  not' 
sufficiently  soluble  in  ether  to  render  possible  even  an  estimate  of 
the  degree  of  association  at  the  concentration  of  30  milligram- 
molecules  per  100  c.c.  There  can  be  no  doubt  that  propionamide 
and  isobutylacetamide  are  associated  at  the  maximum  concentration 
of  about  12,  and  glycollanilide  seems  to  be  at  10.  Special  attention 
must  be  drawn  to  the  three  substances  phenylurethane,  methyl- 
acetanilide, and  ethylacetanilide.  They  are  unassociated  in  each 
of  the  five  organic  solvents,  and  might  therefore  be  disregarded, 
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Molecular  weights  in  Associaicion  has   been 

Benzene.    Ether.  Chlorofomi.  Benzene,    t    "^^    prepared 


Acetamide*    —  —             815  — 

Monochloroacetamide*  .  130  —  121-5  I'SQ 

Dichloroacetamide* 178  160  163  1-39 

Trichloroacctamide *    ...  210  187  217  1-29 

Propionamide    124  —              98-8  170 

7i-Butyramide    143  —  110  1-64 

isoButyramide  136  —  106  1-56 

Valeramide    152  —  130-5  1-53 

iioButylacetamide    167  —  154  1-45 

Urethane    129  104  105  1-45 

rhenylurethane    170  170*5  173  1-03 

Trichlorolactamide*     ...  294  —  —  1*52 

Glycollanilide    258  —  265  1-70 

Lactanilide    258  218  243  1-56 

Formanilide  154-5  164  160  1-27 

Acetanilide*  205  —  169-5  1-52 

Methylacetanilide 149  156  146  1-00 

Ethylacetanilide  156  171  154  096 

Phenylacetamide  —            —  165  — 

Benzamide*   184  —  152  1-52 

Benzanilide*     228  —  218  1-17 

Salicylamidc*    186  —  161  1-36 


1-25 

1-15 

(associated) 


±0  the   corre- 

27 
27 
34 
26 
22 
29 
33 
18 
05 


(associated) 
1-17 
1-03 

(association 

doubtful) 

1-32 

1-35 

104 
1-05 


as  having  no  tendency  to  association  in  organic  solvents,  and 
therefore  as  affording  no  test  of  the  Nernst-Thomson  rule.  We 
have  preferred  to  include  them,  so  as  to  make  an  underestimate, 
rather  than  the  opposite,  of  the  extent  of  agreement  with  the  rule. 
Even  so,  our  results  are  sufficient  to  justify  the  rule  in  the  case 
of  organic  solvents. 

II. — The  Constitution  of  the  Amide  and  the  Extent  of  Association. 

With  the  data  we  have  now  collected  we  are  able  to  illustrate 
the  influence  of  constitution  on  the  tendency  of  the  amide  to  form 
associated  molecules.  This  tendency  is  shown  to  the  greatest  extent 
in  benzene  solution,  and  the  data  presented  above,  showing  the 
degree  of  association  at  a  certain  concentration,  allow  of  the 
following  deductions: 

(1)  The  molecules  of  the  aliphatic  amides  are  strongly  associated, 
and  (2),  as  is  known  to  be  the  case  in  the  homologous  series  of 
acids  and  alcohols,  the  extent  of  association  decreases  with  increas- 
ing molecular  weight.  (3)  The  phenyl  group  depresses  the  tendency 
to  association;  thus,  not  only  are  the  aromatic  amides  associated 
to  a  smaller  extent  than  the  aliphatic,  but  the  anilide  is  less  strongly 
associated  than  the  corresponding  amide,  and  phenylurethane  much 
less  than  urethane.  (4)  The  substitution  of  both  hydrogen  atoms 
of  the  amide,  as  in  methyl-  and  ethylacetanilide,  yields  a  substance 
of  normal  molecular  size. 

To  consider  the  converse  of  the  matter,  we  cannot  think  that 
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Solv    of    molecular    complexity    can    settle    questions    of 
No.  of  amides  ir-itution.      No   one  maintains  now  that  the   hydroxyl 
"  pie  m'oleci-'    oiily    cause    of    association,    and    that    the    amides 
-ich  snow  a  tendency  to  association  have  therefore  the  hydroxylic 
constftution.     That  hypothesis    regarding  the  amides,  as   the  sole 
explanation  of  the  phenomena,  was  refuted  first  by  Auwers  (Zeitsch. 
'physikcd.  Chem.,  1899,  30,  541,  542).     But  the  suggestion  which  he 
made  then,  that  the  tervalent  nitrogen  atom  may  have  as  much 
to  do  with  the  association  of  amides  as  the  hydroxyl  group,  is  not 
confirmed    by    our     observations     regarding    methyl-     and    ethyl- 
acetanilide.     These  substances  show  no  tendency  to  association  in 
organic  solvents,  whilst  acetanilide  is  associated  in  benzene,  chloro- 
form, and  ether.     These  facts  are  sufficient  to  illustrate  the  difficulty 
of  tracing  all   the  complexities   of   this  problem. 

The  materials  used  in  this  investigation  were  obtained  by  means 
of  grants  from  the  Government  Grant  Committee  of  the  Royal 
Society  and  the  Executive  Committee  of  the  Carnegie  Trust  for  the 
Universities  of  Scotland. 

The  University,  The  Univeksity, 

Manchestee.  Sheffield. 


CL. — Contributions  to  the  Chemistry  of  the  Terpenes. 
Part  VII.  Synthesis  of  a  Monocyclic  Terpene 
from   Thymol. 

By  George  Gerald  Henderson   and   Maggie   Millen  Jeffs 
Sutherland,  B.Sc.  (Carnegie  Research  Scholar). 

Several  monohydric  alcohols  of  the  cy  cZo hexane  series  have  already 
been  prepared  by  the  hydrogenation  of  monohydric  phenols  in 
presence  of  nickel  according  to  Sabatier  and  Senderens's  method, 
but,  so  far  as  we  are  aware,  the  reaction  has  not  hitherto  been 
extended  to  any  dihydric  phenol.  It  appeared  of  interest  to 
investigate  the  behaviour  of  a  dihydric  phenol  of  the  formula 
CioHi2(OH)2  when  heated  to  the  requisite  temperature  with 
hydrogen  in  the  presence  of  finely  divided  nickel,  in  the  hope  that 
it  would  unite  additively  with  hydrogen  and  yield  a  dihydroxy- 
menthane  of  the  formula  CjQHjg(0H)2,  and  that  from  this  glycol 
we  could  obtain  a  monocyclic  terpene,  one  of  the  menthadienes,  by 
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elimination  of  the  elements  of  water.  This  expectation  has  been 
realised.  Starting  with  thymol  (3-hydroxycymene),  we  prepared 
6-nitrosothymol  (thymoquinoneoxime),  reduced  this  to  the  corre- 
sponding amino-derivative,  oxidised  the  latter  to  thymoquinone,  and 
by  reduction  of  the  thymoquinone  with  sulphurous  acid  obtained 
thjmioquinol,  CioHi,(OH)o.  This  dihydric  phenol  was  found  to  be 
susceptible  of  direct  hydrogenation  by  the  method  of  Sabatier  and 
Senderens,  and  gave  the  desired  product,  menthane-2 :  d-diol, 
CjqHis(OH)o.  Finally,  when  the  glycol  so  prepared  was  heated  with 
potassium  hydrogen  sulphate,  it  lost  the  elements  of  2  molecules 
of  water,  and  yielded  an  unsaturated  hydrocarbon  of  the  formula 
CjoHjg,  which  exhibited  the  properties  of  a  monocyclic  terpene. 

Considering  its  relationship  to  thymoquinol  (formula  I),  it  is 
clear  that  the  dihydroxymenthane  must  have  the  constitution 
represented  in  formula  II.  The  terpene  derived  from  the  di- 
hydroxymenthane should  contain  two  ethylenic  linkings  in  the  ring, 
or,  in  other  words,  should  be  isomeric  with  a-terpinene.  Probably 
it  is  either  A^^*-  (formula  III)  or  A^^S-menthadiene  (formula  IV). 
The  quantity  of  the  terpene  at  our  disposal  did  not  permit  of 
experiments  being  instituted  to  determine  the  relative  positions  of 
the  double  bonds,  but  we  hope  to  be  able  to  examine  it  more  fully 
later. 


Me 
/\0H. 

CHMej 

Me 
CH 

HsC/'^CH-OH 
HO-HC^yCHg 
CH 

Me 

C 

H,(jj/^CH 

HC.N^/CH, 

C 

Me 
CH 

HC'^^CH 

II         II 
IIC^yCH 

CH 

(I.) 

CHMoj 

(II.) 

CHMe., 

(III.) 

CHMe, 

(IV.) 

Experimental. 

Preparation  of  Menthane-2  :  5-diol. — 6-Nitrosothymol  was  obtained 
by  Klages'  method  (Ber.,  1899,  32,  1518),  which  gave  very  satis- 
factory results.  The  6-nitrosothymol  was  then  converted  into 
thymoquinone  in  the  following  manner.  Twenty-five  grams  of  the 
nitroso-compound  were  dissolved  in  250  c.c.  of  10  per  cent,  aqueous 
ammonia,  and  the  solution  was  saturated  with  hydrogen  sulphide. 
The  precipitate  of  6-aminothymoI,  which  separated,  was  collected, 
washed  with  water,  and  dissolved  in  450  c.c.  of  3  per  cent,  sulphuric 
acid,  and  to  the  solution  500  c.c.  of  water  and  250  c.c.  of  a  10  per 
ent.  solution  of  potassium  dichromate  were  added.  After  about 
lialf  an  hour  the  precipitate  which  had  formed  was  collected,  and 
dissolved  in  ten  times  its  weight  of  glacial  acetic  acid.     Chromic 
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anhydride  was  added  to  this  solution  in  small  quantities  at  a  time 
until  the  oxidation  was  completed,  and  the  thymoquinone  was  then 
precipitated  by  addition  of  water,  collected,  and  dried.  The  yellow 
crystals  of  the  quinone  melted  at  45°. 

From  the  thymoquinone  the  corresponding  quinol  was  prepared 
by  reduction  with  sulphurous  acid,  as  described  by  Carstanjen 
(/.  2>r.  Ghem.,  1871,  [ii],  3,  50),  and  the  following  method  was 
adopted  for  its  hydrogenation.  A  long  combustion  tube,  containing 
finely  divided  nickel,  which  was  prepared  by  reducing  the  pure 
oxide,  in  a  fine  state  of  division,  with  hydrogen  at  as  low  a  tem- 
perature as  possible,  was  heated  in  an  air-bath,  a  porcelain  boat 
containing  the  substance  was  placed  in  the  front  part,  and  a  fairly 
rapid  current  of  hydrogen  was  passed  through  the  tube.  The 
hydrogen,  of  course,  was  carefully  purified  and  dried.  A  number 
of  preliminary  experiments  had  shown  that  the  most  favourable 
temperature  for  the  hydrogenation  of  the  quinol  was  190 — 200°, 
and  accordingly  the  temperature  of  the  tube  was  maintained  at 
that  point.  Under  these  conditions  an  extremely  viscous  liquid 
slowly  distilled  from  the  tube,  and  was  collected  in  a  cooled  receiver 
to  which  a  U-tube  filled  with  glass  wool  was  attached.  At  first 
the  distillate  was  quite  colourless,  but  the  last  portion  which  passed 
over  had  a  brown  tinge.  When  the  distillate  was  kept  in  the  ice- 
chest,  crystals  began  to  form,  but  the  process  was  very  slow.  The 
viscous  liquid  was  therefore  stirred  with  a  small  quantity  of  benzene, 
with  the  result  that  the  greater  part  of  it  quickly  became 
crystalline.  The  crystals  were  drained  from  a  small  proportion  of 
an  oily  substance  with  which  they  were  mixed,  and  recrystallised 
several  times  from  benzene.  The  purified  product  was  analysed, 
and  found  to  be  the  desired  dihydroxymenthane : 

0-1262  gave  0-3210  CO2  and  01322  H2O.     C  =  69-4;  H  =  ll-6. 

0-1240     „     0-3160  CO2     „    0-1310  H2O.     C  =  69-5;  H  =  ll-7. 
C10H20O2  requires  C  =  69-8;  11=11-6  per  cent. 

Menthane-2 :  b-diol,  C^^^{0'B.)o,  crystallises  from  benzene  in 
very  small,  colourless  plates,  which  melt  at  112°.  When  dry,  it  has 
the  form  of  a  white  powder,  and  it  has  no  odour.  It  is  very  readily 
soluble  in  alcohol,  ether,  light  petroleum,  or  hot  benzene,  and  rcadilyj 
so  in  cold  benzene.  Hot  water  dissolves  it  sparingly,  cold  watei 
scarcely  at  all.  It  distils  without  decomposition  under  diminishedl 
pressure  (b.  p.  about  155°/ 15  mm.),  or  in  a  current  of  hydrogen  atl 
the  ordinary  pressure. 

The  small  quantity  of  an  oily  substance  which  was  separated 
from  the  crystalline  menthane-2 :  5-diol  during  the  process  of 
purification  was  collected  and  fractionally  distilled  under  diminished 
pressure  in  an  atmosphere  of  dry  carbon  dioxide.     Under  15  mm. 
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pressure  a  small  fraction  distilled  at  80 — 100°,  a  still  smaller  fraction 
at  100—140°,  and  the  bulk  at  150—160°.  The  highest  fraction 
solidified  on  cooling,  and  was  found  to  consist  almost  wholly  of 
menthane-2 :  5-diol.  The  fraction  which  distilled  at  80 — 100°  was 
too  small  in  quantity  to  permit  of  satisfactory  purification,  but 
when  treated  with  semicarbazide  hydrochloride  and  potassium 
acetate  in  the  usual  manner  it  yielded  a  little  of  a  crystalline  solid. 
When  purified  by  crystallisation  from  alcohol,  in  which  it  is  very 
sparingly  soluble,  this  compound  forms  small  crystals,  which  are 
almost  colourless,  and  melt  and  decompose  at  243 — 244°.  It  is 
almost  insoluble  in  wat^r  or  ether.  From  an  analysis,  of  which  the 
result  is  quoted  below,  it  appears  not  improbable  that  the  compound 
is  the  disemicarbazone  of  a  diketone  of  the  formula  CioHjgOg, 
derived  from  the  disecondary  alcohol,  menthane-2  :  5-diol : 

01 132  gave  29  c.c.  Nj  at  18°  and  748  mm.     N  =  29-2. 
^12^22^2^6  requires  N  =  29'6  per  cent. 

Preparation  of  a  Menthadiene  from  Menthane-2  :  5-diol. — An 
intimate  mixture  of  menthane-2  :  5-diol  with  twice  its  weight  of 
dry  powdered  potassium  hydrogen  sulphate  was  placed  in  a  flask 
attached  to  a  reflux  condenser,  and  heated  in  a  bath  of  fusible 
metal.  When  the  temperature  of  the  bath  approached  190°  a 
vigorous  reaction  began,  and  a  colourless  liquid  vaporised  and 
condensed  in  the  tube.  After  having  been  heated  for  about  half 
an  hour  at  190 — 200°,  the  mixture  was  cooled  and  distilled  in  a 
current  of  steam.  A  mobile,  colourless  liquid  distilled  with  the 
steam  and  floated  on  the  surface  of  the  water  in  the  receiver.  The 
liquid  was  extracted  with  ether,  the  ethereal  solution  dried,  the 
ether  removed  by  distillation,  and  the  residual  liquid  again  mixed 
with  potassium  hydrogen  sulphate  and  heated  as  before.  The 
resulting  mixture  was  distilled  in  a  current  of  steam,  the  liquid 
extracted  from  the  distillate  with  ether,  the  ethereal  solution  dried, 
and  the  ether  distilled  off.  The  liquid  remaining  in  the  flask  was 
repeatedly  distilled  over  sodium  until  no  sign  of  any  reaction  could 
be  observed,  and  finally  we  obtained  a  small  quantity  of  a  sub- 
itance  of  practically  constant  boiling  point,  wliirh  analysis  showed 
to  have  the  composition  of  a  terpene: 

01540  gave  0-4963  CO.,  and  01636  H<.0.     C  =  87-9;  H  =  ll-8. 

10-2897     „     0-9358  CXX     „    03024  HjO.     C  =  881 ;  H=ll-6. 
C,oH,c  requires  C  =  88'2;  H=ll-8  per  cent. 
The  terpene  thus  obtained  is,  as  already  stated,  probably  one  of 
the  isomeric  terpinenes  not   hitherto  described.      It  is  colourless, 
as  a  rather  faint  odour  somewhat  like  that  of  limonene,  and  a 
liaractcristic  burning  taste  like  oil  of  turpentine.     Its  boiling  point 
IS   179°/760   mm.;  n^)  =1-4779;   the  specific   gravity  is   somewhat 
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greater  than  0'84,  but  the  quantity  of  the  substance  available  was 
too  small  for  an  exact  determination,  especially  as  it  appears  to 
polymerise  on  keeping.  It  is  practically  insoluble  in  water,  but 
dissolves  in  the  usual  organic  solvents.  It  at  once  decolorises  a 
dilute  alkaline  solution  of  potassium  permanganate.  When  mixed 
with  a  solution  of  dry  bromine  in  dry  chloroform,  it  instantly  unites 
with  the  bromine  to  form  an  additive  compound,  but  the  product 
must  be  unstable  under  the  conditions  of  the  experiment,  since 
when  rather  more  than  three  atomic  proportions  of  bromine  had 
been  added,  evolution  of  hydrogen  bromide  began.  When  treated 
with  nitrous  acid  according  to  Wallach's  method,  the  liquid  turns 
yellow,  but  no  crystalline  nitrosite  could  be  isolated.  We  hope  to  be 
able  to  complete  the  examination  of  this  terpene  before  long. 

It  is  our  intention  to  endeavour  to  obtain  terpenes  from  other 
monohydric  phenols  isomeric  with  thymol  on  the  lines  indicated  in 
this  paper. 

We  are  indebted  to  the  Research  Fund  Committee  of  the  Carnegie 
Trust  for  a  grant  which  defrayed  the  expense  of  this  work. 

Chemistry  Department, 
The  Glasgow  and  "West  of  Scotland  Technical  College. 
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Pm't     VIII.       Dihydrocaniphene     and     Diliydro- 

hornylene. 
By  George  Gerald  Henderson  and  Ernest  Ferguson  Pollock. 

According  to  the  view  now  generally  accepted  as  the  most  probable 
one,  the  arrangement  of  the  carbon  atoms  in  the  molecule  of 
bornylene  is  the  same  as  in  that  of  the  saturated  hydrocarbon 
camphane,  whilst  the  structure  of  the  molecule  of  camphene  is  of  a 
different  type,  as  is  shown  in  the  following  formulae : 

CHg-CMe— CH2  CHa-CpMe— CH  CHj-Cj^H— CiCHg 

I    k^^'^  I         I    9^^2  !l         I    V"»  I 

CHg-CH — CHg  CHg-CH — CH  CHg-CH— UMej 

Camphane.  liornylene.  Camphene. 

If  this  conception  of  the  molecular  structure  of  these  hydrocarbons 

be  correct,    it    follows    that    dihydrobornylene,   CjoHjg,    should    be 

identical  with  camphane,  and  that  dihydrocamphene,  CioHjg,  should 

have  the  constitvition  shown  in  the  formula 

CHg-CH— CHMe 


9H0    ] 
L-CH— I 


CHg-CH— CMej 
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We  have  recently  carried  out  a  number  of  experiments  with  the 
object  of  throwing  light  on  this  point,  and  have  ascertained  that, 
in  accordance  with  theory,  when  bornylene  is  hydrogenated,  cam- 
phane  is  produced,  and  that  camphene  yields  a  dihydro-compound 
which  is  certainly  not  camphane. 

The  preparation  of  dihydrohornylene  has  not  hitherto  been 
described,  but  we  have  found  that  it  can  be  obtained  easily  from 
bornylene  by  the  application  of  Sabatier  and  Senderens'  method; 
The  bornylene  used  in  our  experiments  was  prepared  from  borneol, 
through  methyl  bornyl  xanthate,  according  to  the  very  satisfactory 
process  of  Tschugaeff  {Ber.,  1899,  32,  3332);  it  melted  at  103°, 
boiled  at  149 — 150°,  and  was  optically  inactive.  A  porcelain  boat 
containing  bornylene  was  placed  in  the  front  part  of  a  long  tube 
containing  finely  divided  nickel,  which  was  prepared  by  reducing 
pure  nickel  oxide  with  hydrogen  at  the  lowest  possible  temperature, 
and  a  current  of  carefully  purified  and  dried  hydrogen  was  passed 
at  such  a  rate  that  from  2  to  3  grams  of  bornylene  were  carried 
through  the  tube  in  one  hour.  The  tube  was  maintained  by  means 
of  an  air-bath  at  a  temperature  of  170 — 190°,  which  preliminary 
experiments  had  shown  to  be  the  most  favourable  one,  and  the 
solid  dihydrohornylene  which  passed  over  was  collected  in  a  cooled 
receiver.  Hydrogenation  took  place  readily,  and  the  product  con- 
tained little  or  no  unchanged  bornylene;  it  was  finally  purified  by 
crystallisation  from  methyl  alcohol.  The  dihydrohornylene  so  pre- 
pared separates  from  methyl  alcohol  in  small,  white  crystals,  which 
have  a  faint  odour  somewhat  like  that  of  borneol.  It  melts  at 
150°,  boils  at  161 — 162°  under  the  ordinary  pressure,  and  sublimes 
easily,  forming  colourless,  lustrous  crystals.  When  treated  with 
bromine  and  with  potassium  permanganate,  it  shows  the  character 
of  a  saturated  hydrocarbon.  In  all  these  respects  dihydrohornylene 
is  exactly  similar  to  camphane,  and  there  can  be  no  doubt  as  to 
their  identity. 

Dihydrocamphene  has  already  been  described  by  several  observers, 
but  their  statements  are  somewhat  contradictory.  By  heating 
jxoborneol  with  zinc  dust  for  a  short  time  at  220°,  Semmler  {Ber., 
1900,  33,  776)  obtained  a  hydrocarbon,  CjoHig,  which  boiled  at 
162°,  and  separated  from  alcohol  in  fern-like  aggregates  of  crystals, 
of  which  the  melting  point  was  85°.  This  hydrocarbon  was  probably 
dihydrocamphene.  Sabatier  and  Senderens  (Compt.  rend.,  1901, 
132,  1254)  applied  their  method  of  hydrogenation  in  presence  of 
nickel  to  camphene,  and  obtained  a  liquid  hydrocarbon  of  the 
formula  C,oHj8,  which  boiled  at  164—165°.  Finally,  Vavon 
{Compt.  rend.,  1909,  149,  997)  found  that  camphene  in  ethereal 
solution  absorbs  hydrogen  when  agitated  with  platinum  black,  and 
VOL.  XCVIl.  5  Q 
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yields  a  solid  compound,  C^oHjg,  which  is  similar  to  camphene  in 
appearance,  but  melts  at  87°. 

Using  the  same  arrangement  as  in  the  case  of  bornylene,  we 
examined  the  action  of  hydrogen  on  camphene  in  presence  of  heated 
nickel,  and  found  in  the  first  place  that  under  these  conditions 
camphene  does  not  unite  with  hydrogen  either  so  easily  or  so  com- 
pletely as  bornylene.  The  camphene  which  we  employed  melted  at 
54°,  and  boiled  at  160°.  A  number  of  observations  were  made  at 
different  temperatures,  and  in  some  cases  the  product  was  passed  a 
second  or  even  a  third  time  through  the  heated  tube.  The  results 
of  numerous  experiments  may  be  summarised  as  follows.  At  tem- 
peratures ranging  from  120°  to  180°  the  product  was  a  solid, 
resembling  camphene  in  appearance,  but  melting  at  about  64°.  At 
a  temperature  of  200 — 220°,  the  product  was  a  mixture  of  a  solid 
with  a  colourless  liquid.  At  about  240°  the  product  was  a  colour- 
less, somewhat  viscous  liquid — in  all  probability  the  same  substance 
as  was  obtained  by  Sabatier  and  Senderens.  The  solid  product, 
melting  at  64°,  when  tested  with  bromine  gave  evidence  of  the 
presence  of  a  small  proportion  of  an  unsaturated  hydrocarbon.  It 
was  subjected  to  repeated  fractional  crystallisation  from  methyl 
alcohol,  and  was  ultimately  proved  to  be  a  mixture  of  the  dihydro- 
camphene  described  by  Vavon  with  a  little  unchanged  camphene. 
The  liquid  product  formed  at  240°  was  also  found,  by  means  of 
bromine,  to  contain  a  little  of  an  unsaturated  substance.  When 
cooled  in  the  ice-chest,  it  gradually  solidified,  and  on  subsequent 
exposure  to  the  ordinary  temperature  part  remained  solid,  while 
the  other  part  became  liquid  again.  The  liqiiid  part  was  poured 
off  and  again  cooled,  and  then  kept  at  the  ordinary  temperature, 
when  a  further  yield  of  the  solid  was  obtained.  Finally,  by  frequent 
repetition  of  this  procedure,  almost  the  whole  of  the  original  liquid 
was  obtained  in  solid  form.  The  solid  was  ultimately  separated  by 
repeated  fractional  crystallisation  from  methyl  alcohol  into  the 
dihydrocamphene  of  Vavon  and  a  little  unchanged  camphene.  It 
was  thus  shown  that  the  liquid  which  we  obtained  by  the 
hydrogenation  of  camphene  according  to  Sabatier  and  Senderens' 
method  is  a  mixture  of  dihydrocampliene  with  some  unchanged 
camphene  and  a  little  of  a  third  substance  which  was  not  further 
investigated.  The  dihydrocamphene  obtained  is  saturated  towards 
bromine  or  towards  potassium  permanganate,  but  it  has  a  melting 
point  widely  different  from  that  of  camphane,  is  quite  unlike  it  in 
appearance,  and  is  undoubtedly  a  different  substance.* 

We  are  indebted  to  the  Research  Fund  Committee  of  the  Carnegie 
Trust  for  a  grant  which  defrayed  the  expense  of  tliis  work. 
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CLII, — The  Chlonnation  of  Toluene. 

By  Julius   Berend  Cohen,  Harry  Medforth  Dawson, 
John  Reginald  Blockey,  and  Arnold  Woodmansey. 

A  preliminary  note  on  the  above  subject  was  published  in  1905 
(Trans.,  87,  1034),  and  in  this  an  account  was  given  of  the  action 
of  chlorine  obtained  by  the  electrolysis  of  aqueous  hydrochloric  acid 
in  contact  with  boiling  toluene.  The  results  pointed  to  a  marked 
difference  in  the  products  so  obtained  from  those  which  are  produced 
by  the  action  of  ordinary  chlorine  under  similar  conditions. 

During  the  course  of  further  experiments  it  has  been  found  that 
diffused  daylight  acts  so  rapidly  in  producing  side-chain  sub- 
stitution that  comparable  results  are  only  possible  when  light  is 
rigidly  excluded.  On  this  account  the  comparative  experiments 
described  in  this  paper  were  carried  out  in  the  dark.  In  the  second 
place,  a  much  more  rapid  and  accurate  process  for  estimating  the 
amount  of  the  side-chain  and  nuclear  substitution  products  was 
used  in  place  of  the  former  analytical  method. 

While  these  experiments  were  in  progress  several  papers  dealing 
with  the  closely  related  question  of  the  bromination  of  toluene 
have  appeared,  and  a  review  of  the  subject  of  the  chlorination  and 
bromination  of  benzene  and  toluene  has  been  published  by  Bancroft 
in  the  third  of  a  series  of  articles  on  "  The  Electrochemistry  of 
Light"  (./.  Fhysical  Chem.,  1908,   12,  420). 

When  chlorine  acts  on  toluene,  side-chain  substitution  takes 
place  (1)  in  sunlight  at  0°  and  higher  temperatures  (Schramm, 
Jier.,  1885,  18,  606);  (2)  in  the  dark  at  the  boiling  point  of  toluene 
(Cannizzaro,  Compf.  rend.,  1855,  41,  517).  According  to 
Hiiussermann  and  Beck  (Ber.,  1892,  25,  2445),  side-chaiii  sub- 
stitution is  greatly  facilitated  in  the  case  of  nitrotoluene  in  presence 
of  sulphur.  Sulphur  thus  appears  to  behave  differently  from  the 
usual  carriers,  such  as  ferric  chloride,  molybdenum  pentachloride, 
antimony  pentachloride,  iodine  chloride,  pyridine,  and  the 
ahiminiiuti  iiuT.ury  couple,  for  these  bring  about  nuclear  sub- 
stitution. 

In  contra.sL  with  the  qualitative  nature  of  the  observations 
relating  to  the  process  of  chlorination.  quantitative  measurements 
showing  the  influence  of  various  factors  on  the  side-chain  and 
nuclear  substitution  have  been  obtained  in  connexion  with  the 
bromination  of  toluene.  The  experiments  of  Ilolleman,  Polak,  van 
der  Laan,  and  Euwes  {Pror.  K.  Akad.  Wetensch.  Amsterdam,  1905, 
8,  512;  Kcc.  trav.  chim.,  1908,  27,  435),  and  those  of  Bruner  and 
Dluska  {Bull.  Acad.  Sci.  Cracow,  1907,  693)  have  shown  that  the 
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relative  proportion  of  bromine  which  enters  the  side-chain  is  not 
only  increased  by  light,  but  in  the  dark  it  is  increased  by  rise 
of  temperature  and  by  dilution  of  the  reacting  bromine.  The 
methods  adopted  in  these  two  series  of  experiments  were  not  the 
same,  for  whereas  Holleman  and  his  collaborators  used  open  vessels 
and  only  analysed  the"  product  obtained  when  the  bromine  had 
completely  disappeared,  Bruner  and  Dluska  employed  sealed  tubes 
and  analysed  the  products  at  different  stages  of  the  reaction. 

The  influence  of  the  nature  of  the  medium  on  the  dis- 
tribution of  the  bromine  between  the  side-chain  and  the 
nucleus  was  also  examined  by  these  authors.  When  the 
toluene  is  considerably  diluted  by  admixture  with  carbon  tetra- 
chloride, this  distribution  is  the  same  as  in  the  case  of  pure 
toluene,  but  dilution  to  the  same  extent  with  nitrobenzene  has 
the  effect  of  decreasing  the  proportion  of  the  bromine  which  enters 
the  toluene  side-chain.  This  influence  of  the  medium  has  been 
further  studied  by  Bruner  and  Vorbrodt  {Ball.  Acad.  Sci.  Gracotv, 
1909,  221),  who  investigated  the  effect  of  carbon  disulphide,  carbon 
tetrachloride,  benzene,  chloroform,  acetic  acid,  benzonitrile,  and 
nitrobenzene  on  the  bromination  of  toluene,  ethyibenzene,  iso- 
propylbenzene,  and  o-,  nv-,  and  j^-xylene.  They  find  that  the 
influence  of  the  solvent  is  not  only  observable  in  the  dark,  but 
shows  itself  in  the  process  of  photobromination.  The  effect  of 
nitrobenzene,  and  to  a  less  extent  of  acetic  acid  and  benzonitrile,  is 
greatly  to  diminish  the  proportion  of  side-chain  substitution. 

With  regard  to  the  bromination  of  toluene  in  the  presence  of 
carriers,  Bruner  and  Holleman  (loc.  cit.)  and  Jackson  and  Field 
(Amer.  Chem.  J.,  1881,  2,  10)  have  found  that  side-chain  sub- 
stitution increases  with  decreasing  concentration  of  the  carrier  and 
also  with  rise  of  temperature. 

In  explanation  of  these  various  observations,  two  essentially 
different  views  have  been  put  forward.  According  to  Bruner, 
aide-chain  substitution  is  due  to  molecular  bromine,  whereas 
nuclear  substitution  is  effected  by  bromine  atoms  or  ions,  which 
result  from  the  dissociation  of  bromine  molecules  in  accordance  with 
the  equation : 

Bfj     r:     Br  +  Br. 

The  velocity  measurements  of  Bruner  and  Dluska  are  cited  as 
evidence  in  favour  of  this  hypothesis.  These  determinations 
indicate  that  both  the  side-chain  and  nuclear  substitution  processes 
take  place  in  accordance  with  the  requirements  of  the  equation 
for  a  unimolecular  change  if  the  concentration  of  the  bromine  is 
small.  For  higher  bromine  concentrations,  the  values  obtained  for 
the  constant  characteristic  of  a  unimolecular  change  decrease  as 
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the  reaction  proceeds.  This  is  attributed  to  the  withdrawal  of 
active  bromine  from  the  solution  by  the  formation  of  a  hydrogen 
perbromide  (HBrg).  Since  the  dissociation  of  this  perbromide 
increases  as  the  concentration  of  the  solution  diminishes,  its 
influence  on  the  rate  of  progress  of  the  bromination  is  inappre- 
ciable in  the  case  of  dilute  bromine  solutions. 

According  to  this  hypothesis,  the  action  of  carriers,  such  as 
iodine,  consists  in  forming  compounds  with  bromine  which  undergo 
dissociation  with  the  production  of  bromine  atoms  or  ions  in  much 
greater  concentration  than  that  which  is  obtained  in  the  case  of  a 
pure  solution  of  bromine.  Hydrogen  perbromide  is  supposed  to  be 
a  dissociating  compound  of  this  character,  and  the  increase  in  the 
proportion  of  nuclear  substitution  which  is  found  when  the  toluene 
is  mixed  with  nitrobenzene,  benzonitrile,  acetic  acid,  and  certain 
other  liquids,  is  attributed  to  the  relatively  large  solubility  of 
hydrogen  bromide  in  these  solvents,  whereby  the  formation  of 
hydrogen  perbromides  is  facilitated. 

Bruner's  theory  that  nuclear  substitution  is  due  to  ionic  bromine 
is  in  the  main  adopted  by  Bancroft  (loc.  cif.).  To  account  for 
certain  observations,  this  author  finds  it  necessary,  however,  to 
assume  that  nuclear  substitution  only  occurs  when  negative  bromine 
ions  are  present  in  excess  of  the  corresponding  positive  ions.  Such 
a  condition  is  brought  about  by  the  partial  combination  of  the 
positive  bromine  ions  with  molecular  bromine  to  form  complex 
positive  ions,  for  example,  Brg. 

The  other  view  referred  to  is  that  put  forward  by  Holleman,  who 
supposes  that  side-chain  substitution  is  due  to  molecular  bromine, 
but  that  substitution  in  the  nucleus  is  brought  about  by  bromine 
in  the  form  of  hydrogen  perbromide,  HBr„.  Low  temperature 
and  increasing  concentration  of  the  solution  are  favourable  to  the 
formation  of  these  polyhalogen  compounds,  and  these  are  the  con- 
ditions under  which  the  proportion  of  nuclear  substituted  product 
increases.  The  fact  that  nitrobenzene  and  acetic  acid,  when  added 
to  the  toluene,  increase  the  relative  amount  of  the  nuclear  sub- 
stitution product,  is  obviously  in  agreement  with  this  theory  if  the 
solubility  relationships,  referred  to  above,  are  taken  into  con- 
sideration. 

An  account  will  now  be  given  of  the  observations  which  we  have 
made  in  connexion  with  the  chlorination  of  toluene,  and  the  method 
of  analysis  of  the  chlorinated  product  may  be  described  first. 

This  product  consists  of  unchanged  toluene,  o-  and  p-chloro- 
toluene,  and  benzyl  chloride.  The  benzyl  chloride  was  extracted 
by  Schultzes  method  {Ber.,  1884,  17,  1675),  which  consists  in 
boiling  a  weighed  quantity  of  the  liquid  with  an  excess  of   alcoholic 
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silver  nitrate  for  fifteen  to  twenty  minutes,  and  weighing  the 
silver  chloride.  The  method  was  tested  with  pure  benzyl  chloride 
and  with  benzyl  chloride  mixed  with  toluene  and  o-  and  jj-chloro- 
toluene.  The  following  results  show  that  the  method  of  estimation 
is  satisfactory: 

0-2618  benzyl  cliloride  gave  0-2983  AgCl  ;  CeH5'CH2Cl  =  0  2630. 
0-8220      ,,  ,,  ,,    0-9192  AgCl;  C6H5'CH2C1  =  0-8112. 

The  following  mixtures  were  made  and  analysed : 

I.  11.  III. 

Toluene   26-026  3-523  6-459 

o-Chloioto!ueiie 9-328  1-329  4  8765 

;j-Chlorotoluene 5-306  1-267  2-0575 

Benzyl  chloride 4-845  2-103  2-3685 

I.     6  2013  gave  0-7055  AgCl  ;  CeHg'CH2Cl  =  10-04.     Ac'ual  =  10-54  per  cent. 
II.     3-0554     ,,     0-8815  AgCl;  CgHs-CHoCU 25 -46.  „      =25-61 

III.     3-4065     ,,     0  5870  AgCl;  CeH5-CH2Cl  =  15 -21.  ,,     =15-03 

The  projjortion  of  ^-chlorotoluene  in  the  mixture  was  estimated 
by  oxidising  the  chlorinated  product  in  a  sealed  tube  at  115 — 120° 
for  five  to  six  hours  with  nitric  acid  (one  part  of  acid,  D  1"4,  and 
two  parts  of  water).  The  mixture  of  acids  was  collected  and  washed 
with  cold  water.  The  acids  were  then  boiled  with  200  c.c.  of 
water  for  a  few  minutes,  filtered  hot,  and  washed  with  a  small 
quantity  of  boiling  water.  All  the  benzoic  and  o-chlorobenzoic 
acid  and  a  small  quantity  of  p-chlorobenzoic  acid  are  thus  removed. 
It  was  found  that  one  litre  of  boiling  water  dissolves  about  I'O  gram 
of  2>chlorobenzoic  acid,  so  that  a  loss  of  approximately  0'20  gram 
of  this  acid  has  to  be  allowed  for  in  the  above  method  of  separation. 
After  washing  as  described,  the  acid  was  dried  at  100°  and  weighed. 
The  melting  point  of  the  acid  was  234 — 235°.  In  carrying  out 
this  estimation  of  the  p-chlorotoluene,  it  is  necessary  to  keep  the 
temperature  at  which  the  oxidation  is  effected  as  low  as  possible, 
for  otherwise  a  portion  of  the  2>chlorobenzoic  acid  may  be  decom- 
posed. Mixtures  of  the  following  percentage  composition  were 
analysed   by   the  above   method : 

I.  II. 

Toluene     19-16  15-73 

o-Chlorotolucne    43  54  43-07 

;)-Chlorotoliieno   19-40  20  92 

Benzyl  chloride    17-90  2028 

I.     2  77  gave  0-695  p  chlorobenzoic  acid.     p-Chlorotolunne=:20-3  j)er  cent. 
II.     3-42     „     0-880  ,,  ,,  ,,  =20-8 

lu  some  of  the  earlier  experiments,  the  total  chlorine  was  deter- 
mined by  the  Carius  method.  Bv  deducting  from  this  the  chlorine 
present  as  ben^yl  chloride  and  p-chlorotoluenc,  the  amount  of 
o-chlorotoluene  was  obtained.     In  the  later  experiments  this  method 


I. 

II. 

III. 

a  =  19-90 

1916 

15-73 

j8  =  30-90 

43  54 

43-07 

7  =  18  64 

19-40 

20-92 

5  =  30-56 

17-90 

20-28 

^18=  1-03615 

1-03584 

1  04414 

"   19-8 

19-0 

15-7 
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was  replaced  by  a  simpler  and  more  rapid  process  involving  the 
measurement  of  the  density  of  the  chlorinated  product.  If  a,  )8,  y, 
and  5  are  the  percentage  amounts  of  toluene,  o-chlorotoluene, 
j^chlorotoluene,  and  benzyl  chloride  respectively  in  a  mixture  of 
these  substances,  and  if  d^,  d^,  d^,  and  d^^  are  the  respective  densities 
of  these  liquids  (at  18°).  we  may  obtain  o  and  )3  from  the  equations  : 

a  +  /3=100-y-8 (1), 

a       i3_100       y_S  .^. 

— +  -; T""^"      T \   ''' 

in  which  d  represents  the  density  of  the  mixture.  This  method 
was  applied  in  the  analysis  of  the  following  mixtures : 

Percentage  composition. 

Toluene    (r^,  =  0-86791) 

o-Chlorotoluene  (<^2  =  1 '08480) 

;>.ChIorot  )luene (t/3=  1-07050) 

Benzyl  chloride  (^4  =  110271) 

Density  of  mixture    

Calculated  value  of  a  (per  cent.) 

In  calculating  the  above  values  of  a,  the  actual  percentage 
amounts  of  ^'-chlorotoluene  and  benzyl  chloride  were  assumed. 

Having  subsequently  ascertained  that  the  ratio  of  p-  to  o-chloro- 
toluene in  the  product  of  chlorination  is  nearly  constant  and  equal 
to  1  :  2,  the  separate  estimation  of  the  para-compound  was  omitted 
in  further  experiments,  and  the  total  amount  of  the  nuclear  sub- 
stitution product  (o-  -\-  2?-chlorotoluene)  was  alone  determined. 
The  density  of  a  mixture  of  the  two  chlorotoluenes  in  the  above 
ratio  was  found  to  be  d]^  =1-0800.  From  this  and  the  measured 
density,  d,  of  a  given  mixture,  we  obtain  the  percentage  amounts  of 
toluene  (o)  and  of  the  mixed  chlorotoluenes  (fi  +  y)  from  the 
equations : 

a-l-(/?-|-y)  =  100-5 (3). 

g  (/3  +  y)_100  8  ,^. 

0-867yi     1-UbOO       d       1-1U271   •     •     •     •     ^  ''• 

The  results  obtained  for  a  mixture  of  known  composition  by 
this  method  are  indicated  below : 

Perceutagc  composition. 

Toluene  a     =   92  20 

o- and  ;>  Chlorotoluenes (8-Hy)=     3-75 

Benzyl  chloride     8     =     4-05 

Density  ol  mixture  d     =     0  88250 

r8695  of  the  mixture  gave  0-0868  AgCl,  corresponding  with 
8  =  4-10  per  cent,  of  benzyl  chloride.  Substituting  for  5  and  d  in 
equations  (3)  and  (4),  we  obtained  a  =  91-9,  (j8-f  y)  =  40  per  cent. 
This  example  suffices  to  show  that  sufficiently  accurate  results  for 
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the  proportion  of  total  nuclear  substitution  product  in  the  mixture 
can  be  obtained  by  the  indirect  method  of  density  determination. 
Previous  to  the  carrying  out  of  the  above  estimations,  the 
chlorinated  mixture  was  washed  with  a  solution  of  sodium  carbonate 
until  the  wash-water,  acidified  with  nitric  acid,  gave  no  precipitate 
with  silver  nitrate  solution.  It  was  then  dried  over  potassium 
carbonate. 

Vaj-iatiotis  m  the  Conditions  of  the  Ghlorinatio7i  Process.- — In 
order  to  ascertain  the  influence  of  various  factors  on  the  distribution 
of  the  chlorine  between  the  side-chain  and  the  nucleus,  the  following 
series  of  experiments  were  made,  the  toluene  in  all  cases  being 
heated  at  its  boiling  point  during  the  process  of  chlorination. 

Series  I  and  II. — Chlorination  above  a  layer  of  hydrochloric  acid 
solution  (D  1'16)  in  the  dark  and  in  diffused  daylight. 

Series  III  and  IV. — -Chlorination  with  moist  chlorine  in  the  dark 
and   in   diffused   daylight. 

Series  V  and  VI. — ^Chlorination  with  dry  chlorine  in  the  dark 
and  in  diffused  daylight. 

In  the  last  four  series  of  experiments  hydrogen  chloride  was 
passed  into  the  toluene  with  the  chlorine,  so  as  to  make  the  con- 
ditions correspond  as  closely  as  possible  with  those  of  series  I  and  II. 
In  the  experiments  of  series  V  and.  VI,  the  gases  were  passed 
through  concentrated  sulphuric  acid  and  then  over  phosphoric 
oxide,  and  the  toluene  was  freshly  distilled  over  sodium. 

The  results  of  these  experiments  are  given  in  table  I,  in  which 
the  last  two  columns  of  numbers  represent  respectively  the  per- 
centage amounts  of  chlorine  which  enter  the  side-chain  and  the 
nucleus.  The  figures  in  the  third  column  indicate  the  extent  to 
which  the  chlorination  was  carried  in  the  separate  experiments. 
From  a  comparison  of  the  individual  results  in  the  different  series, 
it  would  appear  that  in  some  cases  the  distribution  of  the  chlorine 
between  side-chain  and  nucleus  is  to  some  extent  dependent  on 
the  proportion  of  the  toluene  which  is  actually  chlorinated.  The 
variations  are,  however,  not  such  as  to  permit  of  any  definite 
conclusion  in  regard  to  this  point,  and  we  have  considered  it 
permissible  to  take  the  mean  results  of  the  separate  experiments. 
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Table  I. 
Ghlorination  with  Ordinary  CMorine. 

Percentage  of 

Percentage  ^ * ^ 

of  substitution  o-  + 

products  in  Benzyl  y-Chloro- 

Scries.  Conditions.  final  mixture.  chloride.  toluenes. 

I.  n         Layer  of  hydrochloric  acid         10  16  84 

b  solution  in  the  dark.               10  14-5  85*5 

c  10  19  81 

,/  9  16  84 

9  17  83 

/  9  24  76 

fj  11  135  86-5 

A  13  12-5  87  5 

Mean    16  5  83"5 

II.  Layer  of  hydrochloric  acid         17  64  36 

solution  "in  the  light.  40  59  41 

48  56  44 

Mean    60  40 

III.  Moist  chlorine  nnd  hydrogen      12  63  37 

chloride  in  the  dark.  18  46  54 

8  76  24 

9  64  36 

Mean    62  •         38 

I\'.  Moist  chlorine  and  hydrogen     50  91  9 

chloride  in  the  light.  35  90  10 

Mean    90  10 

V.  Dry  chlorine  and  hydrogen         29  91  9 

chloride  in  the  dark.  25  90  10 

Mean    90  10 

VI.  Dry  chlorine  and  hydrogen        22  93*5  6*5 

chloride  in  the  light.  44  94  6 

Mean    94  6 

In  reference  to  the  experiments  in  series  I,  certain  slight 
modifications  were  made  in  the  experimental  arrangement  in  order 
to  ascertain  whether  the  substituting  effect  of  chlorine  is  influenced 
by  previous  exposure  to  light.  In  a  and  h  the  chlorine  was  exposed 
to  the  light  of  an  arc  lamp,  focussed  on  the  wash-bottle  containing 
sulphuric  acid,  before  it  came  into  contact  with  the  toluene.  In 
c,  d,  «,  and  /,  the  chlorine  was  exposed  to  diffused  daylight,  the 
only  difference  being  that  in  c  the  sulphuric  acid  in  the  wash-bottle 
was  replaced  by  water.  In  g  and  h,  the  light  of  an  ordinary 
incandescent  electric  lamp  was  allowed  to  act  on  the  chlorine 
before  it  entered  the  toluene.  Although  the  results  of  the  several 
'Experiments  vary  to  some  extent,  it  ig  not  possible  to  say  that 
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the   previous   light  treatment    of   the    chlorine    has    any    definite 
influence  on  the  proportion  of  the  side-chain  substitution. 

Before  proceeding  to  compare  the  data  in  table  I,  it  will  be 
convenient  to  present  the  results  of  the  experiments  in  which 
chlorination  was  effected  by  chlorine  generated  by  electrolytic 
decomposition  of  a  concentrated  hydrochloric  acid  solution  placed 
immediately  below  the  toluene.  The  apparatus  used  was  that 
described  in  the  previous  communication  (loc.  cit.),  and,  as  in  the 
other  experiments,  the  temperature  was  maintained  at  the  boiling 
point  of  toluene. 

Table  II. 

Chlorination  with  Electrolytic  Chlorine. 


Series. 


VII.     In  the  dark 


VIII.     In  the  li"ht 


Examination  of  table  I  shows  that  the  influence  of  light  on  the 
ratio  of  distribution  of  the  chlorine  is  very  pronounced  in  the  case 
where  the  reacting  chlorine  was  passed  through  concentrated 
aqueous  hydrochloric  acid  in  contact  with  the  toluene.  The  effect 
of  insolation  is  to  raise  the  proportion  of  chlorine  which  enters 
the  side-chain  from  about  16  to  60  per  cent.  In  the  case  where 
the  moist  gases  were  passed  directly  into  the  toluene,  the  effect 
of  light  is  to  raise  the  percentage  of  benzyl  chloride  from  about 
60  to  90.  When,  however,  the  dry  gases  are  passed  into  dry 
toluene,  the  proportion  of  side-chain  substitution  product  obtained 
in  the  dark  is  already  so  large  that  any  considerable  influence  of 
light  is  impossible.  As  the  numbers  show,  the  effect  of  light  in 
this  case  is  very  slight,  the  proportion  of  benzyl  chloride  being 
increased  from  90  to  94  per  cent. 

If  we  compare  series  I,  III,  and  V,  which  were  all  carried  out 
in  the  dark,  it  is  seen  that  the  distribution  of  the  chlorine  is  very 
largely  dependent  on  the  amount  of  water  present.  In  the  absence 
of  water,  the  proportion  of  benzyl  chloride  amounts  to  90  per 
cent. ;    when   the  chlorine   and  hydrogen  chloride    were  not  dried 
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before  passing  into  the  toluene,  the  mean  of  the  divergent  numbers 
obtained  for  the  proportion  of  benzyl  chloride  is  only  62  per  cent., 
and  when  the  toluene  undergoing  chlorination  was  saturated  with 
water  by  contact  with  aqueous  hydrochloric  acid,  the  proportion 
of  benzyl  chloride  is  only  16  per  cent.  The  considerable  differences 
in  the  numbers  for  the  separate  experiments  of  series  III  may  be 
due  to  the  different  amounts  of  moisture  which  were  introduced 
by  the  undried  gases  in  the  different  experiments. 

The  data  obtained  with  electrolytic  chlorine  in  the  dark  (series 
VII)  must  be  compared  with  those  of  series  I.  The  special  arrange- 
ment adopted  in  this  series  was  in  fact  designed  to  make  the 
conditions  as  similar  as  possible  to  those  which  obtained  in  the 
process  of  electrolytic  chlorination,  and  thereby  to  facilitate  a 
comparison  of  the  action  of  ordinary  and  electrolytic  chlorine.  The 
mean  results  of  the  two  series  are  not  identical,  and  it  would  appear 
that  electrolytic  chlorine  gives  rise  to  a  somewhat  smaller  proportion 
of  benzyl  chloride  than  chlorine,  which  is  obtained  by  the  action 
of  potassium  permanganate  on  hydrochloric  acid.  In  regard  to 
this  difference,  it  must,  however,  be  noted  that  the  conditions 
obtaining  in  the  two  series  of  experiments  were  not  quite  the  same, 
for  in  the  electrolytic  chlorination,  hydrogen  was  continuously 
evolved  from  one  of  the  electrodes  in  the  hydrochloric  acid  solution. 
It  seems  probable  that  the  benzyl  chloride,  which  must  dissolve  to  a 
certain  extent  in  the  aqueous  solution,  is  reduced  by  the  nascent 
hydrogen,  and  this  will  result  in  a  smaller  proportion  of  benzyl 
chloride  in  the  final  product. 

Series  VIII,  in  which  chlorination  was  effected  by  electrolytic 
chlorine  in  the  light,  must  similarly  be  compared  with  series  II. 
The  mean  values  for  the  proportion  of  benzyl  chloride  are 
approximately  the  same,  and  it  follows  that  the  action  of  electro- 
lytic chlorine  is  not  sensibly  different  from  that  of  ordinary  chlorine. 

Reference  may  here  be  made  to  the  difference  in  the  results  which 
have  now  been  obtained  as  compared  with  those  communicated  in 
the  preliminary  note  (loc.  cit.).  In  the  earlier  series  of  experi- 
ments, the  conditions  obtaining  in  the  processes  of  electrolytic  and 
ordinary  chlorination  were  not  sufficiently  defined.  The  electrolytic 
experiments  were  made  in  a  badly  lighted  room,  whereas  the 
ordinary  chlorinations  were  effected  in  good  daylight.  This  is 
largely  responsible  for  the  much  greater  differences  which  were 
found  previously  for  the  action  of  electrolytic  chlorine  on  the  one 
hand,  and  ordinary  chlorine  on  the  other.  In  the  second  place, 
the  method  previously  employed  in  the  analysis  of  the  product  of 
chlorination  has  been  found  to  be  unsatisfactory.  This  method 
involved  the  removal  of  unchanged  toluene  by  distillation  and  the 
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oxidation  of  the  residue  by  means  of  potassium  permanganate.  As 
indicated  at  the  time,  the  oxidation  of  the  chloro-substitution 
product  by  this  method  is  very  incomplete,  and  in  the  light  of 
later  results  it  appears  that  the  readiness  with  which  the  different 
isomerides  undergo  oxidation  is  dependent  on  their  relative  pro- 
portions in  the  mixture  examined. 

The  marked  influence  of  moisture  on  the  side-chain  nuclear  ratio 
is  not  peculiar  to  the  chlorination  process,  for  similar  effects  have 
been  observed  in  experiments  which  we  have  made  on  the 
bromination  of  dry  and  moist  toluene.  The  bromine  used  was 
allowed  to  remain  for  some  days  in  contact  with  potassium  bromide, 
then  dried  over  fused  calcium  bromide,  and  distilled  over  barium 
oxide.  The  toluene  was  freshly  distilled  over  sodium.  Fifteen  c.c. 
of  a  toluene  solution,  containing  7'2  per  cent,  by  weight  of  bromine, 
were  introduced  into  two  blackened  glass  tubes,  and  9  milligrams 
of  water  were  then  added  to  one  of  the  tubes.  The  preparation  of 
the  bromine  solution  and  the  filling  and  sealing  of  the  tubes  were 
effected  in  a  dark  room  by  the  aid  of  a  feebly  luminous  gas  flame. 
The  sealed  tubes  were  then  placed  in  a  closed  box,  immersed  in  a 
water-bath  at  25°,  until  the  bromine  had  completely  disappeared. 
This  occurred  in  the  moist  solution  after  fourteen  days,  and  in 
the  dry  solution  after  thirty  days.  In  a  second  experiment  with 
a  toluene  solution  containing  89  per  cent,  of  bromine,  to  which 
in  one  case  39  milligrams  of  water  were  added,  fourteen  days 
elapsed  before  the  disappearance  of  the  bromine  in  the  case  of 
the  moist  solution,  the  corresponding  period  for  the  dry  solution 
being  about  thirty-five  days.  The  following  table  gives  the  relative 
amounts  of  side-chain  and  nuclear  substitution  products  in  these 
experiments : 

Table  III. 

Percentage  of 


Benzyl  Bromo- 

bromide.  toluenes. 

solution 27'8  72'2 

Moist     , 187  81-3 


Experiment  1   {  ^{J.^ 

T?        •        4.  o    r  Dry  solution 22*5  775 

Experiment  2  I  j^4^     „      14-2  85-8 

According  to  these  data,  the  presence  of  water  in  the  toluene 
reduces  the  proportion  of  benzyl  bromide,  and  at  the  same  time 
increases  the  rate  at  which  the  bromine  diskppears.  The  effect  is 
therefore  of  the  same  kind  as  that  observed  in  the  chlorination 
experiments.  On  account  of  the  wide  differences  in  the  conditions 
of  the  chlorination  and  bromination  experiments,  it  is  not,  however, 
possible  to  make  any  quantitative  comparison  of  the  two  series  of 
data, 
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Prom  a  consideration  of  all  the  observations  relating  to  the 
chlorination  of  toluene,  it  appears  to  be  established  that  side-chaiu 
substitution  is  favoured  by  light,  rise  of  temperature,*  and  absence 
of  moisture.  In  so  far  as  these  factors  are  concerned,  the 
chlorination  of  toluene  is  influenced  in  the  same  way  as  the 
bromination  process.  The  two  processes  would  also  appear  to  be 
similarly  influenced  by  the  nature  of  the  medium,  for  when  toluene, 
mixed  with  its  own  volume  of  nitrobenzene,  was  chlorinated,  an 
increase  in  the  relative  proportion  of  the  nuclear  substitution 
product  was  observed.  No  data  are  available  to  show  the  influence 
of  the  concentration  of  the  halogen  in  the  case  of  the  chlorination 
process,  and  on  account  of  the  limited  solubility  of  chlorine  in 
toluene  at  temperatures  at  which  the  reaction  takes  place,  it  is 
doubtful  whether  the  influence  of  concentration  could  be  experi- 
mentally determined  with  any  accuracy. 

Independently  of  the  influence  of  the  concentration  of  the 
halogen,  it  is  clear  that  the  degree  of  parallelism  between  the 
chlorination  and  bromination  processes  is  such  as  to  warrant  the 
conclusion  that  the  mechanism  of  the  processes  is  of  the  same  kind. 
The  more  extensive  observations  relating  to  the  bromination  of 
toluene  may  therefore  be  utilised  in  the  elaboration  of  a  general 
theory  of  halogenation. 

Two  theories  relating  to  the  special  case  of  bromination  have 
already  been  referred  to  in  this  paper.  Both  of  these  oflFer  a 
plausible  explanation  of  certain  facts,  but,  on  the  whole,  the  view 
that  nuclear  substitution  is  due  to  halogen  in  the  form  of  poly- 
halogen  compounds  appears  to  be  the  more  acceptable.  The 
diminution  in  the  relative  amount  of  nuclear  substitution  with  rise 
of  temperature  and  with  diminishing  concentration  of  the  halogen 
is  consistent  with  the  polyhalogen  theory,  for  both  these  factors 
are  favourable  to  the  dissociation  of  the  polyhalides.  The  observed 
increase  in  the  percentage  of  nuclear  substitution  product  when 
certain  solvents,  such  as  nitrobenzene,  benzonitrile,  and  acetic  acid, 
are  added  to  the  toluene  is  in  accord  with  the  fact  that  these 
solvents  facilitate  the  formation  of  polyhalogen  compounds. 
Observations  relating  to  polyiodides  indicate  that  although  these 
are  formed  to  a  small  extent  in  hydrocarbons,  carbon  tetrachloride, 

•  The  inflnence  of  temperature  on  the  nature  of  the  prodaet  of  chlorination  is 
shown  by  experiments  which  wt-re  made  with  carefully  dried  materials  at  0°.  The 
n^lative  amount  of  chlorine  entering  the  side-chain  was  found  to  be  30  per  cent, 
when  chlorination  took  place  in  the  dark  and  45  per  cent,  when  the  experiment  was 
conducted  in  the  light  The  corresi)onding  numbers,  obtained  when  the  toluene 
was  heated  at  its  boiling  point,  are  90  and  94  per  cent,  respectively.  These  results 
show  clearly  enough  the  considerable  influence  of  temperature  both  in  the  dark  and 
in  the  light. 


1634  COHEN,   DAWSON,   BLOCKEY,   AND   WOODMANSEV  : 

chloroform,  and  carbon  disulphide,  they  are  produced  in  very 
much  larger  quantities  in  nitrobenzene,  ethyl  acetate,  benzonitrile, 
acetic  acid,  and  certain  other  solvents.  It  is  this  particular  property 
which  appears  to  determine  the  nuclear  substituting  influence  of 
these  media. 

That  similar  relationships  hold  in  respect  of  the  formation  of 
polybromides  is  rendered  probable  by  the  results  of  distribution 
experiments  which  were  made  with  carbon  tetrachloride  and  nitro- 
benzene. According  to  Bruner  and  Dluska  (Joe.  cit.),  the  addition 
of  carbon  tetrachloride  to  toluene  produces  no  alteration  in  the 
distribution  of  the  bromine  between  the  side-chain  and  the  nucleus ; 
it  acts  simph'  as  a  diluent,  and  as  such  reduces  the  velocity  of  the 
reaction. 

Fifty  c.c.  of  T-aqueous  hydrobroraic  acid  were  shaken  at  18° 
with  70  c.c.  of  carbon  tetrachloride  and  of  nitrobenzene  respec- 
tively. After  the  liquids  had  been  kept  for  an  hour  to  allow  of 
complete  separation,  50  c.c.  of  the  non-aqueous  layer  were  titrated 
with  O"li\'-sodium  hydroxide.  Less  than  O'l  c.c.  of  alkali  was 
required  for  neutralisation  in  the  case  of  carbon  tetrachloride,  and 
less  than  0"25  c.c.  in  that  of  nitrobenzene. 

The  same  experiments  were  then  made  after  the  addition  of 
bromine  to  the  hydrobromic  acid  solution.  The  amount  of  bromine 
added  was  such  that  the  composition  of  the  resulting  solution 
could  be  represented  by  103^  (HBr^.-).  After  shaking  with  this 
solution,  50  c.c.  of  each  of  the  non-aqueous  liquids  were  treated 
with  potassium  iodide  and  excess  of  sodium  thiosulphate  to  remove 
bromine,  and  then  titrated  as  before  with  0"liV^-alkali.  The  carbon 
tetrachloride  required,  as  previously,  less  than  01  c.c.  of  alkali, 
whereas  the  nitrobenzene  required  4'4  c.c,  which  is  approximately 
twenty  times  *  as  much  as  was  required  in  the  absence  of  bromine. 
These  results  show  clearly  the  great  difference  between  the  two 
solvents  in  regard  to  the  formation  of  polyhalogen  hydrogen 
compounds. 

It  is  possible  that  the  relative  stability  of  polyhalogen  com- 
pounds in  nitrobenzene  solution  is  connected  with  the  ionising  power 
of  this  solvent,  for  the  solutions  of  the  polyiodides  in  nitrobenzene 
have  been  shown  (Dawson  and  Gawler,  Trans.,  1902,  81,  525; 
Dawson  and  Jackson,  Trans.,  1908,  93,  2063)  to  be  good  conductors. 
Other  solvents,  like  ethyl  acetate  and  benzonitrile,  which  favour 
the  formation  of  polyhalogen  compounds  and  increase  the  relative 
amount  of  nuclear  product  in  the  bromination  of  toluene,  also  yield 

•  The  correct  value  of  llie  acid  ratio  is  jtrobably  very  much  greater  than  tliis,  for 
a  large  proportion  of  the  0"25  c.c.  of  alkali  required  for  titratiou  iu  the  abaeuce  of 
bromine,  is  duo  to  the  acid  cliaracter  of  the  uitrobeuzene. 
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solutions  "which  have  a  high  electrical  conductivity.  Although, 
there  is  no  direct  evidence  to  show  that  the  nuclear  substituting 
effect  is  conditioned  by  the  ionisation,  these  facts  would  seem  to 
indicate  that  halogen  in  the  form  of  polyhalogen  ion  is  specially 
active  in  this  respect. 

The  fact  that  solutions  of  bromine  and  iodine  in  moist  nitro- 
benzene are  conductors  of  electricity  (Bruner,  Bull.  Acad.  Sci. 
Cracotr,  1907,  731)  is,  at  first  sight,  favourable  to  the  view  that 
nuclear  substitution  is  due  to  free  halogen  ions.  On  the  other 
hand,  solutions  of  chlorine  do  not  conduct  (Bruner  and  Galecki, 
Zeitsch.  Elektrochem.,  1910,  16,  204),  and  yet  the  processes  of 
chlorination  and  bromination  appear  to  be  affected  in  a  similar 
manner  when  the  conditions  of  the  two  processes  are  similarly 
altered.  These  facts  are  difficult  to  reconcile  with  the  ionic  theory 
of  nuclear  substitution,  and  on  this  account  we  are  inclined  to 
adopt  the  polyhalogen  theory. 

Neither  this  nor  the  ionic  theory  appears  to  offer  an  immediate 
explanation  of  the  fact  that  the  presence  of  water  in  the  toluene 
increases  the'  relative  proportion  of  the  nuclear  substitution 
products.  Comparative  measurements  of  the  rate  of  leakage  of 
electricity  through  dry  and  moist  solutions  of  chlorine  and  hydrogen 
chloride  in  toluene  were  made  in  this  connexion,  but  the  results 
indicate  that  if  there  is  any  difference  in  the  conductivity  of  the 
moist  and  dry  solutions,  it  is  not  sufficiently  large  to  account  for 
the  observed  influence  of  moisture  on  the  chlorination  process  on 
the  assumption  that  nuclear  substitution  is  due  to  chlorine  ions. 
In  so  far  as  the  resultant  effects  are  concerned,  the  action  of 
moisture  is  opposed  to  that  of  light,  for  this  increases  the  rate  of 
! de-chain  substitution,  and  the  former  accelerates  the  process  of 
nuclear  substitution.  Before  these  catalytic  effects  can  be  explained, 
further  experiments  are  necessary. 

The  question  of  carriers  may  finally  be  discussed.  The 
assumption  that  the  activity  of  these  substances  is  due  to  an 
increase  in  the  concentration  of  halogen  ions  as  a  consequence  of 
the  formation  of  more  highly  ionised  "  carrier-halogen  "  compounds 
is  not,  so  far  as  we  are  aware,  supported  by  any  experimental 
evidence.  On  the  other  hand,  if  such  '  carrier-halogen  "  compounds 
are  themselves  of  the  nature  of  perhalogen  compounds,  or  if  they 
are  capable  of  combining  with  further  quantities  of  halogen  to 
!nrm  such  perhalogen  derivatives,  the  formation  of  nuclear  sub- 
titution  products  in  the  presence  of  carriers  is  explicable  in  terms 
of  the  polyhalogen  theory  without  the  necessity  of  formulating 
any  additional  electrolytic  hypothesis.  From  a  consideration  of 
the  valency  relationships  of  the  various  substances  which  serve  as 
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carriers,  it  seems  likely  that  all  these  substances  are  capable  of 
forming  dissociating  halogen  addition  compounds  which  belong  to 
the  polyhalogen  type. 

In  the  course  of  the  above  experiments,  we  have  observed  certain 
colour  phenomena  in  connexion  with  the  process  of  chlorination, 
which  we  propose  to  reserve  for  a  further  communication.  When 
moist  chlorine  is  passed  into  boiling  toluene  in  the  light,  the 
toluene  gradually  assumes  the  yellow  colour  of  chlorine.  If,  how- 
ever, hydrogen  chloride  is  passed  in  simultaneously,  the  yellow 
colour  disappears,  reappearing  when  the  hydrogen  chloride  is  cut 
off.  In  the  dark  the  liquid  retains  its  yellow  colour  in  presence  of 
hydrogen  chloride.  In  some  cases  the  chlorination  product,  after 
carefully  washing  free  from  chlorine  and  hydrogen  chloride,  retains 
a  permanent  pale  yellow  colour.  The  exact  conditions  which  are 
necessary  for  the  production  of  the  colour  change,  which  is  probably 
due  to  the  formation  of  a  small  quantity  of  a  yellow-coloured 
substance,  have  not  yet  been  determined. 

The  University, 
Leeds. 


CLIII. — Hie  By-Products  of  Alcoholic  Fermentation. 

By  Olive  Eveline  Ashdown  and  John  Theodore  Hewitt. 

The  formation  of  small  quantities  of  carbon  compounds  other  than 
carbon  dioxide  and  alcohol  during  the  fermentation  of  various 
sugars  by  yeast  has  attracted  much  attention,  and  during  the  past 
few  years  considerable  light  has  been  thrown  on  the  formation  of 
some  of  these  by-products.  Whilst  many  endeavours  have  been 
made  to  solve  the  problem  as  to  why  and  how  succinic  acid  and  the 
higher  alcohols  seem  to  be  almost  invariable  constituents  of  crude 
alcohol,  comparatively  little  attention  has  been  devoted  to  the 
acetaldehyde  which  accompanies  the  alcohol  in  varying  quantity, 
and  which  sometimes  is  formed  in  considerable  amount. 

If,  however,  one  desires  to  throw  light  on  the  mechanism  of  the 
reaction  by  which  alcohol  is  produced  from  dextrose  and  similar 
sugars,  it  is  fairly  evident  that  this  substance  is  worthy  of  much 
greater  attention,  since  whilst  yeast  normally  produces  alcohol  with 
extremely  small  amounts  of  acetaldehyde,  the  fact  that  the  latter 
substance  is  occasionally  formed  in  much  greater  amount  during 
abnormal  fermentations  is  likely  to  lead  to  information  of  value 
if  only  the  nature  of  the  abnormality  is  understood. 

The  occurrence  of  notaLle  amounts  of  aldehyde  might  be  referred 
to  one  of  several  possible  causes: 
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1.  Subsequent  oxidation  of  alcohol  by  atmospheric  oxygen.  This 
hypothesis  necessitates  the  presence  of  a,  catalytic  agent,  which 
might  either  be  derived  from  an  inanimate  source,  for  example, 
some  metallic  salt  the  presence  of  which  had  been  overlooked,  or 
might  be  of  an  enzymatic  nature  and  be  derived  from  the  yeast  or 
some  other  organism. 

2.  The  acetaldehyde  may  be  produced  from  the  sugar  by  a 
fermentation  due  to  some  other  organism. 

3.  Sugars  when  fermented  by  yeast  normally  give  ethyl  alcohol 
and  carbon  dioxide,  but  owing  to  malnutrition  of  the  yeast  or 
some  similar  cause,  acetaldehyde  may  make  its  appearance  in  place 
of  ethyl  alcohol  to  a  greater  or  less  extent. 

The  first  or  second  of  these  hypotheses  may  at  first  sight  appear 
more  probable,  and  one  of  the  present  authors  at  one  time  inclined 
to  the  view  that  the  occurrence  of  larger  amounts  of  aldehyde  than 
usual  was  due  to  some  agency  outside  the  yeast.     But,  as  will  be 
seen    later,    the    same    yeast  will  give  very  varying    amounts    of 
acetaldehyde,  according  to  the  materials  on  which  it  is  nourished 
being  altered,  other  conditions  remaining  the  same,  so  that  the  idea 
of  the  aldehyde   being  due   to   some   other  agency   is  out   of   the 
question.     Moreover,   the  results  obtained  by  the  present   authors 
with  yeasts   from    different  breweries   show    the   same   result,    the 
production  of  aldehyde  varying  at  different  times  with  yeast  from 
the  same  brewery,  whilst  any  possibility  of  the  aldehyde  having  been 
produced  by  subsequent  catalytic  oxidation  owing  to  the  presence  of 
small  amounts  of  salts  of  heavy  metals  was  carefully  excluded  by 
performing  all  fermenting  and  distilling  operations  in  glass  vessels. 
Evidently,  then,  the  aldehyde  must  be  a  product  derived  from 
the  sugar  under  the  action  of  the  yeast,  the  cause  of  the  variation 
in   amount  being  due  to  the  different  food  the  yeasfi  is  supplied 
with  during  fermentation.     In  order  to  obtain  an  idea  as  to  which 
f  the  other  constituents  of  the  mash  could  affect  the  greater  or 
sser  production  of  aldehyde,  systematic  experiments  were  carried 
ut,  solutions  being  made   up  of  known  composition.     Generally, 
crystallised  sucrose  or  dextrose  was  employed,  together  with  neces- 
sary mineral   constituents,   nitrogen   being  also  supplied   either  in 
lie  form  of  ammonium  salts  or  as  amino-acids.     In  view  of  the 
orkof  F.  Ehrlich  (Zeitsck.  Ver.  deiU.  Zuckerind.,  1905,  55,  539; 
!>ochem.  Zeitsch.,  1906,  1,  8;  2,  52;  Ber.,  1907,  40,  1027,  etc.)  on 
the  production  of  higher  alcohols  from  the  amino-acids  with  extra 
carbon    atoms  (for    example,   of   ordinary   isoamyl    alcohol     from 
leucine),  complications  were  avoided   by   using   alanine  as   amino- 
acid,  since  this  can   give  no  other  alcohol  but  ethyl  alcohol.     In 
fact,  the  present  authors  started  the  work  quite  expecting  to  find 
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that  deficiency  in  available  nitrogen  would  mean  increase  in 
aldehyde  content,  and  it  "was  thought  not  at  all  unlikely  that  the 
function  of  amino-acids  and  their  conversion  into  alcohols  during 
fermentation  might  be  connected  with  the  formation  of  ethyl  alcohol 
and  carbon  dioxide  from  some  intermediate  product,  possibly  lactic 
acid. 

Assuming  that  lactic  acid  is  formed  as  an  intermediate  product 
during  the  alcoholic  fermentation  of  sugars,  one  might  imagine 
the  chemical  change  involved  to  be  capable  of  representation  in 
the  following  (or  similar)  manner : 

C„H2„  +  i  CH3  CFTg 

I.     CH-NH^   +    CH-OH      =       I"    ^«+^    +    CO2    +   CH-NH^ 

CO2H  CO2H  2    ^"^  CQ^JJ 

^CHg  CfTg  CHg 

11.  *CH-NH2    +    CH-OH     -    ^A    '  nxi    +*<^^2    +    OH-NH^ 

That  a  plentiful  supply  of  nitrogen  in  the  form  of  ammonium 
salts  or  as  alanine  would  reduce  the  amount  of  aldehyde  to  any 
appreciable  extent  was  immediately  negatived  by  the  results 
obtained  with  a  series  of  fermentations  carried  out  on  sucrose 
solutions  to  each  of  which  equal  amounts  of  potassium  phosphate, 
magnesium  sulphate,  and  calcium  phosphate  had  been  added,  but 
which  differed  respectively  in  containing  (a)  no  added  nitrogenous 
material,  (b)  ammonium  sulphate,  (c)  ammonium  tartrate,  and 
(d)  alanine.  A  reference  to  table  II,  which  records  the  results 
obtained  with  a  Yorkshire  yeast  at  the  ordinary  temperature 
(Jan.,  1909)  over  a  period  of  nineteen  days,  shows  that  whilst  the 
largest  yield  of  alcohol  was  obtained  when  alanine  was  added,  and 
the  next  best  yield  with  ammonium  sulphate,  least  aldehyde  was 
formed  when  the  yeast  had  to  depend  on  its  own  nitrogen,  and 
the  greatest  amount  (absolutely — the  amount  relatively  to  the 
alcohol  formed  was  slightly  greater  in  the  case  of  ammonium 
tartrate)  was  produced  when  alanine  was  added.  Evidently  lack 
of  nitrogenous  food  is  not  the  cause  of  aldehyde  formation,  and 
a  systematic  search  for  ferments,  whether  inorganic  or  enzymic, 
which  can  effect  a  catalytic  decomposition  of  alanine  with  pro- 
duction of  acetaldehyde  would  seem  desirable  in  view  of  the 
observation  made  by  E.  Drechsel  (Be?:,  1892^  25,  3502),  that  alanine 
heated  alone,  or,  still  better,  with  an  excess  of  concentrated  phos- 
phoric acid,  to  220 — 230°,  is  decomposed  into  acetaldehyde,  carbon 
monoxide,  and  ammonia,  according  to  the  equation  : 

CH3-CH(NH2)-C02H  =  CHg-CHO  -f  CO  +  NH3. 

Drechsel  draws  particular  attention  to  the  wandering  of  an  oxygen 
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atom  of  the  carboxyl  group  (presumably  the  hydroxylic  oxygen) 
to  the  o-carbon  atom,  and  it  seems  not  unreasonable  to  suppose 
that,  given  a  suitable  enzyme,  a  similar  transformation,  resulting 
in  the  formation  of  acetaldehyde  and  formamide  or  ammonium 
formate,  might  be  effected  at  the  ordinary  temperature. 

During  the  progress  of  this  work  we  fortunately  turned  our 
attention  to  a  paper  by  H.  Schade  {Zeitsch.  fhysikal.  Chem.,  1906, 
57,  1),  who  had  discovered  a  method  of  fermenting  dextrose  to 
ethyl  alcohol  and  carbon  dioxide  without  the  aid  of  any  organism 
or  organic  enzyme.  Briefly,  this  author  found  that  dextrose  is 
decomposed  by  alkalis  with  the  formation  of  acetaldehyde  and  a 
formate,  whilst  acetaldehyde  and  formic  acid  yield  ethyl  alcohol 
and  carbon  dioxide  under  the  influence  of  rhodium  sponge.'  Schade 
thinks  it  not  improbable  that  yeast  effects  the  conversion  of  dextrose 
into  ethyl  alcohol  and  carbon  dioxide  in  a  somewhat  similar  manner, 
dextrose  decomposing  into  an  intermediate  product,  which  in  turn 
yields  formic  acid  and  acetaldehyde,  an  enzyme  functioning  in  a 
similar  manner  to  rhodium  sponge  then  coming  into  play. 

The  nature  of  the  intermediate  compound  which  furnishes  the 
acetaldehyde  and  formic  acid  (if  the  hypothesis  of  Schade  is  correct) 
is  not  quite  clear;  presumably  the  dextrose  must  first  decompose 
to  yield  two  molecular  proportions  of  a  compound,  C3Hg03,  and 
perhaps  the  simplest  assumption  would  be  to  regard  this  compound 
as  lactic  acid  (compare  Buchner  and  Meisenheimer,  Ber.,  1904,  37, 
417;  1905,  38,  620),  which  may  furnish  either  ethyl  alcohol  and 
carbon  dioxide  directly,  or  else  give  acetaldehyde  and  formic  acid, 
which  may  in  turn  react  to  give  the  end-products  mentioned.  It 
should,  however,  be  noticed  that  a  comparatively  recent  paper 
by  P.  Boysen  Jensen  {Ber.  Deut.  boL  Ges.,  1908,  26,  .1,  666) 
assumes  that  dihydroxyacetone  is  an  intermediate  product  in  the 
fermentation  of  dextrose  to  ethyl  alcohol  and  carbon  dioxide,  for 
the  oxime  of  this  ketone  is  stated  to  have  been  isolated  when 
hydroxylamine  was  added  to  a  fermenting  dextrose  solution. 
Jensen  consequently  divides  the  fermentation  of  dextrose  into 
stages : 

♦^'rt^iA  — >  20H-CHj-C0-CH.,-0H  ->  3CH3-CHj-OH  +  2COj. 
and  supposes  that  zymase  consists  of  two  enzymes,  the  first  capable 
of  effecting  the  conversion  of  dextrose  into  dihydroxyacetone,  the 
second  decomposing  the  latter  into  ethyl  alcohol  and  carbon  dioxide. 
He  further  states  that  an  addition  of  glycerol  inhibits  the  second 
reaction,  so  that  in  these  circumstances  dihydroxyacetone  is 
isolated  as  the  final  product.  This  ketone  may  be  decomposed  by 
an  oxydase,  but  in  this  case  carbon  dioxide  and  water  are  produced, 
no  alcohol  being  formed. 

5  P  2 
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Quite  recently  E.  Bvichner  and  J.  Meisenheimer  {Ber.,  1910,  43, 
1773)  have  published  the  results  of  exhaustive  experiments  on  the 
action  of  yeast,  both  living  and  as  yeast  juice,  on  a  number  of 
compounds  containing  a  chain  of  these  carbon  atoms;  their  results 
are  interpreted  as  disposing  of  the  possible  fermentation  of  lactic 
acid,  methylglyoxal,  or  glyceraldehyde  to  ethyl  alcohol  and  carbon 
dioxide,  although  with  dihydroxyacetone  and  yeast  juice,  boiled 
yeast  juice  having  been  added  (see  A.  Harden  and  W.  Young, 
Proc,  1905,  21,  189;  E.  Buchner  and  H.  Haehn,  Biochem.  Zeitsch., 
1909,  19,  192),  no  less  than  80  to  90  per  cent,  was  fermented  to 
alcohol  and  carbon  dioxide.  This  result  is  even  more  striking  than 
that  of  G.  Bertrand  {Ann.  Chim.  PJit/s.,  1904,  [viii],  3,  257),  who 
succeeded  in  fermenting  25  per  cent,  of  this  triose. 

There  seems  to  be  a  consensus  of  opinion  that  some  intermediate 
product,  probably  of  the  formula  CsHgOg,  is  produced,  and  that 
this  gives  rise  to  alcohol  and  carbon  dioxide  either  directly  or 
possibly  with  the  intermediate  formation  of  acetaldehyde  and 
formic  acid,  although  Buchner  and  Meisenheimer  consider  Schade's 
view  quite  untenable  (Ber.,  1906,  39,  4218;  1910,  43,  1782). 

This  objection  is  based  on  the  negative  results  obtained  in 
attempting  to  ferment  a  mixture  of  acetaldehyde  and  formic  acid ; 
of  course,  the  harmful  influence  of  these  materials  might  be  the 
cause  of  the  enzyme  being  put  out  of  action,  but  later  experiments, 
in  which  yeast  juice  has  been  allowed  to  act  on  ethylidene  oxide 
diacetate,  [CH3'CH(0*CHO)]20,  in  which  the  aldehyde  and  formic 
acid  are  only  produced  slowly  by  a  gradvial  hydrolysis,  have  proved 
no  more  successful. 

From  these  experiments  of  Buchner  and  Meisenheimer,  it  would 
appear  that  any  possibility  of  formic  acid  playing  a  part  in  fer- 
mentation was  out  of  the  question,  but,  as  our  experiments  show, 
the  amount  of  acetaldehyde  formed  is  largely  reduced  when  a 
formate  is  present,  whilst  the  use  of  small  quantities  of  formic 
acid  as  an  aid  to  good  fermentations  has  been  strongly  advocated  by 
H.  Lange  {Zeitsch.  f.  Spiritu.nnd,  1905,  28,  341). 

It  seems  to  us  not  improbable  that  some  substance,  possibly 
alanine,  which  should  ferment  normally  to  give  ethyl  alcohol  and 
carbon  dioxide,  may  be  formed  either  as  a  product  of  the  decom- 
position of  the  dextrose  or  perhaps  as  a  transformation  product  of 
dihydroxyacetone  in  presence  of  nitrogenous  material.  Such  a 
substance  can  give  rise  to  acetaldehyde  (Drechsel,  loc.  cit.) ;  it  may 
be  that  in  presence  of  formic  acid  this  latter  reaction  takes  place 
to  a  more  limited  extent;  certainly  the  fact  remains  that  the 
presence  of  formates  strongly  diminishes  the  amount  of  acetaldehyde 
produced  in  alcoholic  fermentation. 
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Without  in  any  way  committing  ourselves  to  an  explanation  of 
the  mechanism  of  the  process,  we  think  the  following  scheme  may 
perhaps  represent  the  course  followed  during  the  fermentation  of 
dextrose  to  ethyl  alcohol  and  carbon  dioxide: 

I.     CgH^A     -^     2C3H603(lHO-CH2-CO-CH2'OH). 

11.     C3He03+     CH-NH^     =     CH-NH^   +    X^Tq'     +   CO,. 
CO2H  CO2H  '' 

III.  CH-NH.,   +   H-CO-OH    =    H-CO-NHo   +    '     ^  ^„  +  COg. 
CO,H  "" 

IV.  CgH^Og  +  H-CO-NH,   -    H-COaH  +  CH3-CH(NH2)-C02H. 

This  represents  small  quantities  of  formic  acid  or  formamide 
acting  together  with  an  enzyme  of  the  yeast  as  catalytic  agent;  the 
occurrence  of  small  amounts  of  one  or  other  of  these  substances 
being  quite  possible  in  the  light  of  Drechsel's  work.  In  fact,  the 
migration  of  oxygen  from  the  carboxyl  group  to  the  a-carbon  atom 
in  Drechsel's  reaction  can  best  be  explained  by  the  assumption  of 
the  following  intermediate  actions: 

I.  CH3-CH(NH.,)-C0,H  =CH3-CH:NH  +  H-COoH  (or  C0  +  H.O). 

II.  ch3-ch:nh  +  h-co2H=ch3-ch:o  +  h-co"nh<,. 

III.  H-CO-NHa-NHg+OO. 

The  first  of  these  reactions  will  be  observed  to  be  fully  analogous 
to  the  well-known  decomposition  of  an  a-hydroxycarboxylic  acid 
into  an  aldehyde  and  formic  acid  or  its  decomposition  products. 
With  reference  to  the  possibility  of  formic  acid  playing  a  part  in 
alcoholic  fermentation,  attention  may  be  drawn  to  F.  Ehrlich's 
views  on  the  decomposition  of  leucine  and  the  occurrence  of 
valeraldehyde  as  a  by-product  (Ber.,  1907,  40,  1046). 

The  view  now  advanced,  that  dextrose  decomposes  into  half- 
molecules  (?  dihydroxyacetone),  and  that  these  in  turn  furnish 
alanine  under  the  action  of  small  amounts  of  formamide,  the  alanine 
then  reacting  with  formic  acid  under  the  influence  of  an  enzyme 
to  give  ethyl  alcohol  and  carbon  dioxide  with  the  regeneration  of 
formamide,  would  gain  much  in  probability  if  direct  synthesis  of 
o-amino-acids  from  aldehydes  and  formamide  were  known;  de-pite 
a  careful  search  of  chemical  literature,  we  have  found  no  synthesis 
of  such  a  kind,  and  we  are  unfortunately  prevented  at  the  present 
time  from  carrying  out  a  research  in  this  direction.  Wo  may, 
however,  sum  up  the  arguments  in  favour  of  the  suggested 
hypothesis. 

1.  The  production  of  ethyl  alcohol  from  alanine  during  fer- 
Tn..,.*,'.fion  by  yeast  brings  the  formation  of  the  former  substance 
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into  line  with  that  of  its  higher  homologues  from  the  higher  amino- 
acids. 

2.  Acetaldehyde  is  always  formed  during  the  fermentation  of 
dextrose  by  yeast;  our  experiments  show  that  the  quantity  is  in 
no  way  diminished  by  an  increased  supply  of  nitrogen,  whilst 
Drechsel  has  shown  that  alanine  yields  acetaldehyde  and  the  decom- 
position products  of  formamide  (carbon  monoxide  and  ammonia)  on 
heating. 

3.  If  alanine  is  an  intermediate  product  of  the  conversion  of 
dextrose  into  ethyl  alcohol  and  carbon  dioxide,  the  formation  of 
lactic  acid,  w-hich  Slator  *  regards  as  a  by-product,  is  easily 
accounted  for. 

,  4.  The  hypothesis  that  formic  acid  and  formamide  play  a  part 
in  the  production  of  ethyl  alcohol  receives  support  from  Schade's 
observation  of  the  reaction  between  aldehyde  and  formic  acid  with 
rhodium  as  catalytic  agent,  and  our  experiments  clearly  show  that 
with  small  quantities  of  formates  initially  present,  the  amount 
of  acetaldehyde  formed  during  fermentation  is  very  markedly 
decrea-sed. 

We  may  incidentally  draw  attention  to  the  greater  amount  of 
higher  alcohols  produced  when  no  ammonium  salts  or  alanine  were 
added  to  the  sugar  solutions ;  seeing  that  in  this  case  the  yeast  must 
draw  on  its  own  store  of  nitrogen  with  concomitant  degradation  of 
different  amino-acids  (leucine,  etc.,  not  merely  alanine),  one  has  a 
striking,  if  somewhat  unnecessary,  confirmation  of  Ehrlich's  views 
as  to  the  formation  of  the  higher  alcohols. 

Experimental. 

The  yeasts  employed  in  these  experiments  were  not  pure  cultures, 
but  of  known  origin,  and  the  authors  desire  to  express  their  warm 
thanks  to  Messrs.  J.  L.  Baker,  A.  R.  Ling,  and  J.  H.  Millar  for 
their  kindness  in  supplying  them  with  the  necessary  material.  The 
usual  procedure  was  to  mix  5  grams  of  the  pressed  yeast  with 
10  c.c.  of  water,  and  add  the  resulting  cream  to  a  solution  of  100 
grams  of  sugar  in  1  litre  of  water. 

The  use  of  solutions  made  up  artificially  with  either  sucrose  or 
dextrose,  potassium  phosphate,  magnesium  sulphate,  and  calcium 
phosphate,  and  when  nitrogenous  material  was  also  added,  either 
alanine  or  ammonium  sulphate  or  tartrate,  was  preferred  to  the 
employment   of  beer  wort,    as  a   complete  check   on   the  material 

*  Lactic  acid  seems  to  be  out  of  the  question  as  the  intermediate  product  between 
dextrose  and  ethyl  alcoliol  and  carbon  dioxide.  See  A.  Slator,  Trans.,  1906,  89, 
HI  ;  1908,  93,  231  ;  Ber.,  1907,  40,  123  ;  and  E,  Buchner  and  J.  Meisenhcimer, 
Her.,  1910,  43,  1776,  1785. 
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supplied  to  the  yeast  was  thus  obtained.  The  solutions  were  made 
with  boiling  water,  and  subsequently  aerated,  but  any  access  of  air 
during  the  fermentation  was  excluded,  owing  to  the  necessity  of 
connecting  the  Winchester-quart  bottles  in  which  the  operation 
was  conducted  with  washing  tubes,  so  that  all  the  escaping  carbon 
dioxide  passed  through  about  50  c.c.  wat^r  to  retain  any  aldehyde 
or  other  vapour  carried  off  by  the  stream  of  gas.  It  is  probable 
that  the  lack  of  aeration  explains  the  somewhat  small  yield  of 
alcohol  obtained  in  many  cases.  In  some  experiments  fermentation 
was  allowed  to  proceed  at  the  prevailing  temperature,  in  others  the 
temperature  was  maintained  at  30°.  In  the  latter  case  all  the 
Winchester-quart  bottles  of  one  set  of  experiments  were  immersed 
in  the  same  water-bath,  so  that  temperature  conditions  should  be 
strictly  comparable. 

At  the  end  of  a  fermentation  experiment,  the  contents  of  the 
bottle  and  the  atta<;hed  washing-tube  were  transferred  to  a  flask 
and  distilled  with  the  aid  of  a  rod-and-disk  stillhead  furnished 
with  a  thermometer;  the  distillation  was  always  allowed  to  proceed 
several  minutes  after  the  temperature-reading  had  shown  that  water 
alone  was  passing  over,  thus  ensuring  that  all  volatile  by-products 
were  carried  over  in  the  current  of  steam.  A  second  distillation 
was  usually  resorted  to  in  order  to  concentrate  the  alcohol  suffi- 
ciently for  the  necessary  estimations.  It  is  scarcely  necessary  to 
remark  that  considerable  pains  were  exercised  in  cooling  the  vapours ; 
the  end  of  the  condenser  passed  into  a  flask  through  a  cork,  which 
abo  carried  a  long  reflux  tube,  so  as  to  ensure  volatile  constituents 
being  retained. 

Besides    estimating   alcohol   in    the    distillates,   the    amounts    of 
volatile  acid,  esters,  aldehyde,  and  higher  alcohols  were  also  deter- 
mined; furfuraldehyde   proved  to   be    absent   or   present   only  in 
indeterminable  traces.      The    estimations    of    the    secondary    con- 
stituents  were   carried   out   essentially  according  to    the   methods 
recommended     by     Girard     and    Cuniasse    (Afantul     pratique    de 
Analyse  des  Alcooh  et  des  Spiritueux,  Paris,  1899),  and  since  com- 
arative  results  were  chiefly  desired,  the  colorimetric  method  for 
timating  the  higher  alcohols,  using  an  /sobutyl  alcohol  standard, 
was  adopted.     Both  in  this  case  and  in  estimating  the  acetaldehyde 
coloriraetrically,  several  standard  solutions  were  always  employed, 
and  the  colour  developed  was  matched  against  the  nearest  standard. 
In   this  way  much   of   the   uncertainty  experienced  in   using   two 
liquids  of  very  different  intensity  of  colour  was  avoided. 

The   lack   of  any  very   close   connexion   between  the  supply   of 
nitrogen  and  the   amount  of  aldehyde  produced  is  shown  by   the 
1 1  of  experiments  recorded  in  table  I. 
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Table  I. 

Five  grams  of  Yorkshire  yeast,  stirred  up  with  10  c.c.  of  water, 
were  added  to  each  of  five  solutions.  Each  of  these  five  solutions 
contained  200  grams  of  sucrose,  10  grams  of  potassium  phosphate, 
10  grams  of  magnesium  sulphate,  and  I'O  gram  of  calcium  phosphate 
(for  added  nitrogenous  material  see  the  table  itself).  The  yeast 
was  added  on  Jan.  6th,  1909,  the  temperature  maintained  at  30° 
for  sixty-six  hours,  and,  after  a  further  sixty-five  hours  at  10 — 15°, 
the  fermented  liquids  were  distilled  on  Jan.  11th. 

None  of  the  results  are  good  as  regards  alcohol  production; 
the  temperature  employed  was  unsuitable  for  the  yeast  in  question ; 
the  highest  yield  of  alcohol  was,  however,  obtained  when  nitrogenous 
material  was  added  in  the  form  of  alanine.  The  much  greater  pro- 
duction of  higher  alcohols  where  the  yeast  had  merely  its  own 
nitrogen  to  depend  on  (experiment  2)  is  very  noticeable. 


Experiment    . 
Added  nitrogenous 
material. 


16  grams 
ammonium 
sulphate. 
Yield  of  alcohol  (in  grams)        66  "2 

By-products  ;  expressed  as  grams  per 

Acids  —  271  30-3  S3-8  41-4 

Esters      —  457  19'4  55-2  73-5 

Aldehydes 71-3  525  532  81-3  66-1 

Higher  alcohols 120-0  255-2  141-0  44-4  800 


2.  3.  4.  5. 

20  grams    30  grams    20  grams 
None.        alanine,   ammonium  ammonium 

tartrate,     tartrate. 
35-4  67-5  33-5  42-8 

100  litres  of  absolute  alcohol. 


Table  II. 

In  another  set  of  experiments,  using  exactly  the  same  materials 
and  some  of  the  same  sample  of  yeast,  but  where  the  fermentation 
was  allowed  to  proceed  at  the  ordinary  temperature  for  nineteen 
days  (Jan.  6th  to  25th,  1909),  much  better  yields  of  alcohol  were 
obtained. 

Experiment    1.  2.                3.                4.                5. 

Added  nitrogenous                 16  giams  20  grams    30  grams    20  grams 

material.                         ammonium  None.        alanine,    ammonium  ammonium 

sulphate.  tartrate.      tartrate. 

Yield  of  alcohol  (in  grams)         80-7  41-2            84-75          524            560 

By-products  ;  expressed  as  grams  per  100  litres  of  absoluto  alcohol. 

Acids 40-6  29-1  23-3  45-4  30-5 

Esters      67-3  341  63-3  760  67-0 

Aldehydes 28-2  6-9  84-3  860  91-3 

Higher  alcohols 342  38-2  —  14-7  460 

The  amounts  of  alcohol  produced  under  these  more  favourable 
conditions  as  to  temperature  are  considerably  larger;  the  small 
amovmt  obtained  in  experiment  2  is  only  to  be  expected,  the  yeast 
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being  starved  with  regard  to  nitrogen.  The  particular  experiment 
is  instructive,  so  small  an  amount  of  aldehyde  having  been  produced, 
a  result  with  which  we  were  much  surprised  at  the  time,  as-  we 
thought  the  increased  production  of  aldehyde  probably  depended 
on  the  yeast  obtaining  insufficient  nitrogenous  food.  It  is  also 
interesting  that  the  absolutely  largest  quantity  of  aldehyde  was 
produced  when  alanine  was  supplied. 

Table  III. 

In  order  to  control  the  foregoing  results,  experiments  were  made 
using  dextrose  solutions  and  fermenting  with  a  London  beer  yeast 
at  30°.  Each  solution  contained  100  grams  of  dextrose  (crystallised, 
colourless),  5  grams  of  potassium  phosphate,  5  grams  of  crystallised 
magnesium  sulphate,  and  0"5  gram  of  calcium  phosphate  in  1  litre 
of  water.  To  each  solution  5  grams  of  yeast,  stirred  up  with  10  c.c. 
of  water,  were  added  on  Jan.  28th,  1909,  and  the  solutions  were 
distilled  on  Feb.  2nd. 

Experiment  1.  2.  3. 

Added  nitrogeuous  material  8'0  grams  lO'O  grams 

ammonium  Kone.  ammonium 

sulphate.  tartrate. 

Alcohol  produced  (in  grams) 378  SIS  40-9 

Grams  of  aldehyde  per  100  litres  alcohol        500  13-1  51-8 

Again  the  small  yield  of  alcohol  where  no  nitrogenous  material 
was  added  is  noticeable,  and,  as  before,  least  aldehyde  was  also 
formed.  The  yeast  from  experiment  2  was  therefore  used  to  ferment 
a  fresh  dextrose  (100  grams)  solution  (in  1  litre  of  water),  salts 
being  added  as  before,  and  also  10  grams  of  ammonium  tartrate. 
394  Grams  of  absolute  alcohol  were  then  obtained,  and  the  aldehyde 
figure  had  risen  to  41*0.  In  this  experiment  fermentation  proceeded 
for  ninety  hours  at  30°. 

Thus  there  can  be  no  doubt  that  a  plentiful  supply  of  nitrogen, 
instead  of  diminishing  the  aldehyde,  rather  tends  to  increase  the 
amount  produced.  We,  consequently,  in  the  light  of  Schade's  work, 
turned  our  attention  to  the  influence  of  formates  op  the  production 
of  aldehyde,  and  found  that  the  qiiantity  was  considerably  reduced ; 
instead  of  30  to  90  parts  of  aldehyde  per  100,000  of  absolute 
alcohol,  numbers  from  5  to  20  (sometimes  more)  were  usually 
obtained.  The  amounts  of  sodium  formate  employed  'were  much 
larger  than  necessary  in  our  earlier  experiments  (1  to  9  in  table  IV), 
so  that  occasionally  slightly  more  aldehyde  was  produced  when 
10  instead  of  5  grams  of  sodium  formate  were  employed  to  100 
grams  of  sucrose,  the  excess  material  being  probably  without  much 
influence. 
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Table  IV. 


In  the  following  four  sets  of  experiments,  in  each  separate 
experiment  a  solution  wais  made  up  with  100  grams  of  sucrose, 
5  grams  of  potassium  phosphate,  5  grams  of  magnesium  sulphate, 
and  0*5  gram  of  calcium  phosphate  to  1  litre  of  boiling  water.  The 
amount  and  form  in  which  nitrogen  was  added  or  not  is  shbwn  in 
the  table.  After  cooling,  the  solutions  were  aerated,  and  5  grams 
of  yeast  stirred  up  with  10  c.c.  water  added  in  each  case. 

In  experiments  1  to  5  a  beer  yeast  was  added  on  March  13th, 
1909,  and  a  temperature  of  30°  was  maintained  for  about  ninety 
hours  (see  table).  Experiments  6  to  9  were  started  on  the  same 
day  with  some  of  the  same  yeast,  but  fermentation  was  allowed  to 
proceed  at  the  prevailing  laboratory  temperature  until  March  25th. 

In  experiments  10  to  17  a  porter  yeast  was  added  on  May  5th, 
1909,  the  temperature  was  kept  at  30°  for  three  days,  and  fer- 
mentation stopped  after  a  further  two  days  at  the  laboratory 
temperature. 

A  beer  yeast  was  again  employed  for  experiments  18  to  25,  the 
fermentation  was  started  on  June  3rd,  1909,  the  temperature 
maintained  for  two  days  at  30°,  and  the  fermentation  stopped  after 
a  further  two  days  at  the  laboratory  temperature. 

The  results  recorded  in  the  following  table  demonstrate  the  far 
larger  amounts  of  aldehyde  usually  produced  when  formates  are 
absent,  and  evidently  comparing  the  first  nine  experiments  with 
the  succeeding  ones,  quantities  of  sodium  formate  ranging  from 
5  to  10  per  cent,  of  the  weight  of  the  sucrose  are  quite  unnecessary. 
Tvirning  to  the  strictly  comparable  set  of  experiments  10  to  13,  the 
increasing  amount  of  aldehyde  with  the  decreasing  amount  of 
sodium  formate  is  very  noticeable;  in  another  strictly  comparable 
set,  namely,  22  to  25,  exactly  the  same  phenomenon  is  noticed. 
In  set  14  to  17,  slight  irregularities  are  observed,  but  here  in  each 
case  the  aldehyde-content  was  fairly  low,  and  the  same  remark 
applies  to  experiments  18  to  21,  in  which,  compared  with  the  other 
three  experiments.  No.  18  has  given  a  somewhat  anomalous  result. 

The  record  of  the  determinations  of  volatile  acids  (calculated  as 
acetic  acid)  and  esters  (as  ethyl  acetate)  has  been  given,  but 
although  oare  was  taken  to  obtain  all  the  alcohol  and  by-products 
produced,  no  attempt  was  made  to  get  all  the  distillates  of  the 
same  alcoholic  strength,  or  time  given  to  allow  the  equilibrium : 

alcohol  X  acid /ester  x  water  =  a  constant 
to  be  attained,  so  that  varying  ratios  of  acids  to  esters  are  not  to  be 
wondered  at. 
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Other  materials  added 
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The  yields  of  alcohol,  as  we  have  previously  mentioned,  are  far 
from  ideal,  but  it  has  to  be  remembered  that  after  the  first  aeration 
following  the  making  up  of  the  solutions,  the  fermentations  were 
carried  on  without  any  access  of  air,  and  in  some  cases  there  is  no 
doubt  that  an  insufficient  supply  of  nitrogen  contributed  to  lack  of 
vigour  on  the  part  of  the  yeast.  This  is  well  seen  by  comparing 
e.xperiments  8  and  9  (mean  amount  of  alcohol  36" 7  grams)  with 
6  and  7  (47-1  grams),  or  experiments  22  to  25  with  18  to  21. 
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We  think,  however,  our  experiments  conclusively  show  that  the 
amount  of  aldehyde  is  markedly  diminished  by  the  presence  of 
formates  during  fermentation,  and  although  Schade's  original  theory 
as  to  the  role  played  by  formic  acid  in  fermentatioij  may  need 
modification,  it  should  not  too  lightly  be  set  on  one  side. 

East  London  College. 


CLIV. — The  Absorption  Spectra  of  Fiiran,  Furfur- 
aldehydcy  Thiophen,  and  Pyrrole  under  Different 
Conditions. 

By  John  Edward   Purvis. 

In  this  communication  an  account  is  given  of  a  comparative. study 
of  the  absorption  spectra  of  furan,  furfuraldehyde,  thiophen,  and 
pyrrole,  as  vapours  at  various  temjoeratures  and  pressures,  in 
solution  and  as  liquids,  in  order  to  ascertain  the  nature  and  extent 
of  the   selective   absorption   under  these  various  conditions. 

The  apparatus  employed  has  been  already  described  in  previous 
communications  (this  vol.,  pp.  692,  1035).  The  substances  were 
distilled  several  times  before  being  used.  Not  much  furan  was 
available,  so  that  only  two  series  of  observations  of  the  vapour  at 
increasing  temperatures  and  pressures  were  possible;  and  none 
were  taken  at  decreased  pressures.  Alcoholic  solutions  of  the  sub- 
stances were,  however,  examined,  in  order  to  compare  them  with 
those  of  furfuraldehyde. 

Table  I. 

Furan. — The  absorption  bands  in  furan  vapour  at  various  tem- 
peratures and  pressures  in  a  column  100  mm.  long.  Barometric 
pressure  =  749  mm. 

Abbreviations:  w.  =  weak;  v.w.  =very  weak;  str.  =  strong; 
narr.  =  narrow ;  f .wide  =  fairly  wide;  f.w.=  fairly  weak;  mod.  str.  = 
moderately  strong. 

13°.  .S0°.  45°. 

749  mm.  793  inui.  819  mm. 

A.  A.  A. 

C  2662  w.,  wiile  (  26.^)2  w.,  wide  (  2652  w.,  wide 

\  2647         „  -{  2647         ,,  \  2647 

^2642         „  1,2642         ,,  (2642         ,, 

2637  f.wide,  w.  2637  f.widc,  w.  2637  f.wido,  w. 

2634      ..       str.  2634      ,,       str.  2634      ,,       str. 
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13°. 

30°. 

45°. 

749  mm. 

793  mm. 

819  mm. 

A. 

A. 

A. 

2630  nam,  w. 

2630  narr.,  w. 

2630  w.,  narr. 

2627  f.wide,  w. 

2627  w.,  f.wide 

2627  w.,  f.wide 

2620  wide,  w. 

2620  w.,  wide 

2620  w.,  wide 

2601  nan-.,  w. 

2601  w.,  narr. 

2601  w.,  narr. 

2599 

2599 

2599 

2593  f.wide,  w. 

2593  f.wide,  w. 

2593  f.wide,  w. 

2589  head  of  strong  band. 

2589  head  of  strong 

band 

2589  head  of  strong  band 

sharp  on  more 

re- 

2541  w.,  f.wide 

2541  w.,  f.wide 

frangible  side. 

2538 

2538 

2541  f.wide,  w. 

2530  head  of  strong 

band 

2530  head  of  strong  band 

2538 

2530  liead  of  strong  band, 

The  rays  were  then  trans- 

The rays  were  then  trans- 

sharp on  more 

re - 

mitted  to  about  2420, 

,   but 

mitted  to  about  2470  ;  the 

frangible  side. 

the  series  of  Cd  lines 

from 

Cd  lines  2329  to  2265  were 

2329    to    2265   were 

well 

well  marked. 

The  rays  were  then  trans-   marked, 
mitted    to   Cd   2205,    but 
they  weie  very  weak   be- 
tween 3370  and  Cd  2329. 


15 

bands. 

15  bauds. 

60°. 

75°. 

849  mm. 

879  mm. 

A. 

A. 

( 2652  w. 

f2652\ 

'.W. 

\  2647  w. 
[ 2642  w. 

A  2647 

J, 

(2642 

ji 

2637  w. 

2637 

yj 

2634  f.w. 

2634 

9  f 

2630  w. 

2630 

jt 

2627  w. 

2627 

2620  w. 

2620 

,  y 

2601  w. 

2601 

2599  w. 

2599 

2593  w. 

2593 

, 

2589  mod.str. 

2541   \ 
2538    y 

.w.,  only  just 
visible 

The  rays  were  then  trans- 
mitted to  about  2560.  and 

2530  J 

general 

absorption    after 

that. 

rUe  rays  were  then  trans- 
iited  to  about  2500;  tlie 
i  lines  2329,  2321,  2313, 
id  2288  «(- re  just  visible. 

15  bands. 


15  bands. 

90°. 
909  mm. 

No  bands  were  seen  ;  and 
general  absorption  from 
2700,  the  strong  Cd  line 
2573  being  just  vi-sible. 


11  bands. 


No  bands. 


The  effect  of  increasing  the  temperatures  and  pressures  was  not 
'  show  up  any  new  bands,  but  the  bands  noticed  at  13°  and 
19  mm.  pressure  were  slightly  wider  and  stronger  at  the  increased 
mperatures  and  pressures.  The  bands  at  2589  and  2530  were 
■ry  similar  in  appearance,  as  were  also  2634  and  2627.  The 
iree  weak  bands  2652,  2647,  and  2642  were  similar,  and  differ  in 
tlieir  wave-lengths  by  about  5  units.  The  bands  2541,  2530,  and 
-r)99,  2589  form  a  group  differing  by  equal  wave-lengths. 
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Besides  that,  the  bands  can  be  considered  as  a  whole,  and  show 
differences  of  wave-lengths,  for  example : 


2652 

15 

2647 

2G37 

13 

2642 

10 

2634 

12 

mean  =  14 

2627 

14 

2630 

28 

2620 

15 

mean  =  13 

2599 

27 

2601 

58 

2593 

2541 

55 

2589 

2538 

59 
2530 

mean  -  57 

The  numbers  should  be  read  diagonally,  and  from  left  to  right. 


Table  II. 


Furfur  aldehyde. — ^The  absorption  bands  in  furfuraldehyde 
vapour  at  various  temperatures  and  pressures  in  a  column  100  mm. 
long. 

Abbreviations:  w.  =  weak;  narr.  =  narrow ;  sh.  =  sharp;  f.str.  = 
fairly  strong ;   v.w.  =  very  weak ;  str.  =  strong. 


17°.  30°. 

763  mm.  807  mm. 

\.  A.  A. 

/2726  w.,  nam,  sh.  f  2726  w.,  nam  /2726 

\2725  nam,  sh.,  stronr;er     \2725  w.,  wider  than  at  17°  (2725 

than  272G  /2720  ,,  ,, 

/2720w.,  nam  \.2718 

\2718        ,,  (2712 

/2712  f.str.  \2709 

t2709  stronger  than  2712 

/2706  w.,  nam  General  absorption  began 

(2704  stronger  Uian  2706      at  A  2700. 

2701  \v. ,  narr. 
/2699 
12697 


45°. 
833  mm. 


General  absorption  began 
at  A  2720, 

2  bands. 


General  absorption  began 
at  A  2695 ;  the  Cd  line."} 
2329  to  2194  were  jnst 
visible. 

11  bands. 


6  bands. 


60". 
863  mm. 
A. 
No  bands.     Gtneral   ab- 
sorption began  at  A  3730. 

No  bands. 


7f.°. 
893  mm. 
A. 
No  bands.     General  ab- 
sorption began  at  A  2740. 


90°. 
923  mm. 
A. 
No  bands.     General  ab- 


100°. 
939  mm. 
A. 
No  bands.     General  ab- 


sorption began  at  Cd  2748.     sorption    began   at   about 
Cd  2748. 
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Table  III. 

The  absorption  bands  in  fiirfuraldehyde  in  a  column  100  mm. 
long  at  a  constant  temperature  of  12°  and  under  varying  pressures. 
Abbreviations  as  in  table  I. 


8  mm. 


\. 
/2721 
1.2718 
/2712 
1.2709 
/2706 
1 2704 

2702 
/2698 
\2696 

2688 
(2681 
\2679 
/2676 
\2674 
r2668 
\2666 

2660 
/2654 
\2652 
/2641 
\2639 


stronger  than  2698 

sir. 

f.w. 

stronger  than  2631 

w. 

stronger  than  2676 

w. 

stronger  than  2668 


stronger  thnn  2654 
w. 

than  2641 


stronger 


General  absorption  hegan  at  .\  2620  ; 
the  Cd  lines  2573,  2329,  2321,  2313, 
2288,  226.5,  2194,  ami  2144  were 
visible. 

21  bands. 


158  mm. 
A. 
The  same  series  of  bands  were  vis- 
ible as  at  8  mm.  jiressnre  ;  the  chief 
difference  was  that  the  Cd  lines  2573 
to  2194  were  weaker. 

21  bands. 


308  mm. 
A. 
The  same  series  of  bands  were  vis- 
ible as  at  8  mm.  and  l.'iS  mm.  pres- 
sure   but  the  Cd  lines  from  2573  to 
2194  were  weaker. 

21  b.inds. 


458  mm. 
A. 
/2721  v.w. 
»2718     „ 
/2712    „ 
12709    ,, 
r2706    „ 
12704    ,, 

2702  ,, 
/2698  w. 
12696  w. 

2«88  w. 
/2fi81  w. 
I  2679  w. 
/2676  w. 
\  2674  w. 

General  absorption  at 
A  26.50  ;  the  Cd  lines  2573 
to  2144  were  very  weak. 


608  1 

mm, 

A. 

/2721 

v.w. 

12718 

/2712 
\2709 

/2706 

^2704 

2702 

/2698 
\2696 

2688 

/2681 
\2679 

General  absorption  from 
A  2670  ;  the  Cd  lines  from 
2573  to  2144  were  very 
weak. 


738  mm. 
A. 
f2721  V  w. 
12718     ,, 
/2712     „ 
12709     „ 
(2706     ,. 
12704     ,. 

2702  „ 
(2698  ,, 
\2696     „ 

2688     „ 

General  sbsorption  from 
A  2680  ;  the  Cd  lino  2573 
was  just  visible,  and  the 
Cd  lines  from  2329  to  2194 
were  only  just  visible. 


14  liandfi. 


12  hands. 


10  hands. 
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Table  IV. 

The  absorption  bands  of  furfuraldehyde  in  a  column  100  mm. 
long  at  a  constant  temperature  of  100°  and  under  varying  pressures. 
Abbreviations  as  in  table  I. 


8  mm. 

158 

mm 

A. 

\. 

/2676  v.w. 
12674     „ 

2702  v.w. 

/  2698 
\2696 

/2668    „ 

(2666    „ 

2688 

2593  w.,  wi<le 

/  2681 
\2679 

2589 

2530 

/2676 
\2674 

The  rays  vveretheu  trans- 

/2668 
\.2666 

itted  to  Ccl  2194. 

2660 

/2654 

V2652 

/2641 

t2639 

2593 

2589 

2530 

7  bands. 


General  absorption  from 
\2420,  the  Cd  lines  from 
2329  to  2194  being  vit^ible. 

18  bands. 


308  mm. 


/  2712  v.w 
12709 
r2706 
\2704 

2702 
/2698 
(2696 

2688 
/2681 
\2679 
/2676 
(2674 
/2668 
\2666 

2660 
/2654 
\2652 


General  absorption  from 
\2650,  the  Cd  2673  and 
tlie  Cd  lines  from  2329  to 
2144  being  visible. 

17  bands. 


458  mm. 
A.. 
/  2721  v.w. 
12718     „ 
/2712     „ 
12709     „ 
/2706     „ 
12704     „ 
2702     „ 
/2698     ,, 
\  2696     „ 

General  absorjition  from 
\  2694  ;  tlie  Cd  lines  2329 
to  2194  were  just  visible. 

9  bands. 


608  mm. 
\. 
/2721  v.w. 
t  2718  „ 
/2712  „ 
(2709  ,, 
2706  ,, 
2704  ,, 


{•; 


2702     „ 

General  absorption  from 
2700. 


7  bands. 


738  mm. 
A. 
No  bands.     General  ab- 
sorption from  A  2720. 


The  distinguishing  features  of  the  vapour  of  furfuraldehyde  were 
that  at  the  lower  pressures  the  bands  were  sharper  and  slightly 
narrower  than  at  the  higher  pressures,  and  that  more  bands  were 
visible.  Also,  that  the  bands  occur  chiefly  in  groiips  of  two,  the 
distances  of  the  constituents  being  about  2  units,  and  that  they 
became  wider  and  wider  as  the  wave-lengths  decrease;  for  example, 
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\2696  was  slightly  wider  and  stronger  than  \2698;  \  2679  was 
wider  and  stronger  than  \  2681.  Besides  that,  if  we  consider  these 
groups  amongst  themselves,  they  become  wider  as  the  wave-lengths 
decrease;  for  example,  the  members  of  the  grouji  2641 — 2639  were 
wider  than  those  of  2698 — 2696,  but  they  were  not  so  strong ; 
and  if  the  bands  are  considered  as  a  whole,  most  of  them  show 
fairly  even  differences  of  wave-lengths,  as  the  following  arrangement 
indicates : 


2726 

2718 

24 

2725 

30 

2712 

2702 

27 

2721 

2683 

31 

2709 

34 

2698 

25 

34 

2681 

30 

2706 

2668 

32 

2696 

2654 

2679 

30 

2704 

2666 

36 

61 

2652 

38 

2676 

30 

2660 

2593 

63 

2589 

2641 

37 
2639 

2674 

Thiop/ien.—'PaneT  {Wied.  Ann.,  1897,  61,  363)  found  that  no 
bands  were  observed  in  the  vapour  of  thiophen  in  a  tube  100  mm. 
long,  and  that  general  absorption  began  at  about  \  2460. 

The  author  has  examined  the  vapour  of  thiophen  in  a  column 
200  mm.   long,  and  has  discovered  a  few  bands. 


Table  V. 

The  absorption   bands  of  thiophen   in   a  column   200  mm.   long 
at  various  temperatures ^and  pressures.     Abbreviations  as  before. 

20'.                                      30°.  45". 

761  mm.                                 805  mm.  831  mm. 

^-                                              A.  ?. 

2590  w.,  narr.                        2590  w.,  narr.  2590  w. 

2530         „                               2530         „  2530  w. 
2500  w.,  wide 

General  absoriition  began  Bi»th     ihes&   bands    are 

Gi-neral  absorption  brgan                 at  A  2500.  wider  than  at  30°  and  761 

at  A  2490.  nim.     General   absorption 

began  at  A  2505. 

3  band."!.  2  bands.  2  bands. 

60°.  70°.  90°. 

861  mm.  891  mm.  921  mm. 

^-  A.  A. 

2590  w.  No  bands.     General  ab-        No  bands.     General  ab- 

2'''30  w.  sorption  began  at  A  2640,     .sorption  began  at  A 'ii720. 

Cd  2573  being  visible. 
Both   iMinds  are  a  little 
wider  than  at  45°  and  S31 
mm.     General     absorption 
began  at  A  2520. 

2  l>ai»J8.  No  bands.  No  bauds. 


VOL.   XCVII. 


5  g 


1654 


PURVIS:   THE   ABSORPTION   SPECTRA   OF   FURAN, 


Table  VI. 

The  absorption  bands  of  thiophen  vapour  in  a  column  200  mm. 
long  at  a  constant  temperature  of  15°  and  under  varying  pressures. 


14  mm. 
A. 
No  bands.     General  ab- 
sorption began  at  A  2420. 

164  ram. 
A. 
No  bands.     General  ab- 
sorption began  at  A  2460. 

314  mm. 
A. 
2590  v.w. 
2530     „ 

General  absorption  at 
A  2470. 

No  bands. 

No  bands. 

2  bands. 

464  mm. 
A. 
2590  v.w. 
2530    ,, 

614  mm. 
A. 
2590  w. 
2530  w. 

744  mm. 
A. 
2590  w. 
2530  w. 

General  absorption  at 
A  2470. 


2  bands. 


Both  bauds  stronger  than 
at  464  mm.  General  ab- 
sorption at  A  2490. 

2  bands. 


Both  bands  stronger  than 
at  614  mm.  General  ab- 
sorption at  A  2500. 

2  bands. 


The  vapour  of  thiophen  was  also  examined  in  a  column  100  mm. 
long  at  a  constant  temperature  of  14°  and  under  varying  pressures. 
The  three  weak  bands  described  in  table  V  were  not  seen;  but 
three  wide  bands  were  observed  in  the  more  refrangible  regions 
which  are  hidden  by  the  general  absorption  in  the  200  mm.  tube. 


Table  VII. 

The  absorption  bands  of  thiophen  vapour  in  a  column  100  mm. 
long  at  a  constant  temperature  of  14°  and  under  varying  pressures. 


14  mm. 

164  mm. 

460  mm 

744  mm. 

A. 

A. 

A. 

A. 

2416  wide  bandT; 

2416  wide 

2415  wide 

2415  wide 

about  0-5  A.U. 

2406     ,, 

2406     ,, 

2406     „ 

wide 

2395     ,,  ,  stronger 

2395     „ 

2395     „ 

2406  wide  band, 

than  at  14  mm. 

about  07  A.U. 

Absorption  of  rays 

General  absorption 

wide 

Absorption  of  rays 

from  A  2375 

to  Cd 

began  at  A  2390,  the 

2395  wide,  w. 

from  A  2375   to  Cd 
2329  ;  the  Cd  lines 

2329. 

Cd    lines     2329    to 
2265  being  visible. 

Absorption  of  rays 
from  A  2390  to  Cd 
2329,  Cd  lines  2321 
to  2265  well  marked. 

3  bands. 


from  2329  to  2239 
were  visible. 


3  bands. 


3  bands. 


3  bands. 


From  the  above  tables  relating  to  thiophen  vapour,  it  will  be 
noticed  that  in  the  200  mm.  tube  at  the  higher  temperatures  and 
pressures  two  weak  and  rather  narrow  bands  were  observed  at 
2590  and  2530,  and  that  in  the  100  mm.  tube  these  bands  were 
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too  weak  to  be  seen,  but  three  wide  weak  bands  were  visible,  which 
were  covered  by  the  general  absorption  of  the  greater  mass  of  vapour 
in  the  200  mm.  tube. 

Table  VIII. 

Pyrrole.— The  absorption  bands  of  pyrrole  in  a  column  200  mm. 
long  at  a  constant  temperature  of  175°  and  under  varying  pressures. 
Abbreviations  as  before. 


746  mm. 

466  mm. 

166  mm. 

16  mm. 

A. 

X. 

A. 

A. 

2590  w. 

2590  w. 

2590  v.w. 

All  the   rays  were 

2530  w. 

2530  w. 

2530     ,, 

transmitted  to  A  2265; 

2495  w.,  wide 

2595  w.,  wide 

2495     ,, 

the  Cd  lines  2194  and 

2481 

2481         „ 

2481     ,, 
2470     „ 

2144  visible. 

General  absorption 

General  absorption 

from  \  2475. 

from  X  2460. 

General  absorption 
from  A  2440. 

4  bands. 

4  bands. 

4  bands. 

No  bands. 

The  vapour  was  also  examined  in  a  column  200  long  at  a  constant 
temperature  of  100°  and  under  pressures  varying  from  16  mm.  to 
746  mm.,  but  no  bands  were  observed. 

The  above  table  shows  the  presence  of  two  narrow  weak  bands  at 
2590  and  2530,  and  three  weak  wide  bands  at  2495,  2481,  2470,  in 
the  vapour  of  pyrrole. 


Solutions. 

Fitran. — Hartley  and  Dobbie  (Trans.,  1898,  73,  598)  examined 
Icoholic  solutions  of  varying  strengths,  but  they  found  no  absorp- 
tion bands.  The  author  has  e.xamined  alcoholic  solutions  of 
different  strengths,  and  through  varying  thicknesses,  but  no  bands 
were  observed.  The  following  numbers  represent  the  positions 
where  general  absorption  began  through  various  thicknesses  of  the 
olutions. 

i\r/10-i)olution  :     2  mm.  thick  :  geueral  absorption  began  at  A  2300. 
30 


o\j       ,,                 ,, 

AyiOO-solution :    2    ,,         „ 

>                               ,,                           ,,                 /V  £.1  0\J. 

A  2260. 

30     „ 

A  2380. 

A'/lOOO-solution:     2     „ 

A  2180. 

••^o    ,, 

A  2280. 

Fnrfuraldehyde. — Hartley  and  Dobbie  {loc.  cit.)  stated  that 
alcoholic  solutions  did  not  exhibit  any  absorption  bands.  When 
0096  gram  was  dissolved  in  alcohol,  general  absorption  began  at 
A  3087  through  1  mm.  thick,  and  at  \  3723  through  25  mm.  thick. 

The  author  examined  3/10-  and  iV/100-solutions,  but  no  bands 
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were  observed,  and  the  following  numbers  represent  the  positions 
where  general  absorption  began : 

iVyiO-solution  :     2  mm.  thick:  general  absorption  began  at  A  3120. 

30     ,,  ,,             ,,                ,,               „  A  3.590. 

i\7l 00  solution :     2     „  „             „                 ,,               „  A  2970. 

30     ,,  „             „                 „              „  A31ti0. 

In   examining    a    iY/1000-solution,    however,   a  large    band   was 
discovered,  the  absorption  curve  of  which  has  been"  drawn  (Fig.). 


H 


33 


16 


14 


§     12 


•S     10 


35 


Oscillation  frequencies. 
37  39  41  43 


45 


47 


1 

\ 

A 

\ 

/ 

/\ 

\ 

' 

\ 

"^ 

30 


20 


10    4 


"N 1 1 000 -solution  of  furfuraldchyde  in  alcvlwl. 

Thiophen. — Hartley  and  Dobbie  (Joe.  cit.)  found  that  there  were 
no  bands  in  any  of  the  alcoholic  solutions  they  used,  but  tliat  the 
latter  were  very  transparent.  The  author  has  examined  the  follow- 
ing solutions,  but  no  bands  were  observed : 


JV/10- solution  : 

2  mm.  thick 
30     „ 

general  abso 

•ption 

began  at  A  2500 
A25G0 

JV/lOO-solution  : 

2     ,, 
30     ,, 

" 

A  2460 
A  2510, 

jV'/lOOO-snlution: 

2         M 

30    „          „ 

»» 

A219;- 
A  2470. 
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Pyrrole. — Hartley  and  Dobbie  {Joe.  eit.)  found  no  bands  in  any 
of  the  alcoholic  solutions  of  varying  strengths  and  thicknesses  that 
they  employed.  Coblentz  {Astrajphys.  J.,  1904,  20,  207)  found  a 
band  in  the  ultra-red  regions  of  the  spectrum  at  2'94/x.  The 
author  has  examined  alcoholic  solutions  of  various  strengths,  but 
no  bands  were  observed  in  the  ultra-violet. 

JY/lO-solution :     2  mm.  thick:  general  absorption  bt-gan  at  A  2380. 

30     „          ,,             „  ,,  „  A  2645. 

iVVl 00  solution :     2     „          ,,             „  „  ,,  A  2295. 

30     ,,          ,,             ,,  ,,  „  A  2425. 

i^V'i 000  solution :     2     ,,           ,,             ,,  ,,  ,,  A  2195. 

30     „          „             „  ,.  „  A  2325. 

Liquids. — The  liquids  furfuraldehyde  and  pyrrole  were  also 
examined.  For  this  purpose,  a  drop  of  the  liquid  was  pressed 
between  two  thin  quartz  plates,  and  held  in  front  of  the  slit  of 
the  spectroscope,  whilst  the  light  of  the  Cd  spark  was  passed  through 
for  five  minutes.  No  bands  were  observed,  and  the  regions  where 
general  absorption  began  were : 

A. 

Furfuraldehyde 31.30 

Pyrrole    2-320 

Thiophen  (Pauer) 2540 

General  Results  and  Discussion. 

The  more  important  results  of  the  preceding  investigations  are 
that: 

(1)  The  vapour  of  furan  exhibits  absorption  bands,  some  of 
v.hich  are  very  similar  in  appearance  and  have  similar  differences 
in  wave-lengths.  The  vapour  of  furfuraldehyde  exhibits  bands, 
most  of  which  can  be  grouped  together  in  having  similar  differences 
both  in  appearance  and  in  wave-lengths,  but  which  are  different 
from  those  of  furan.  The  vapours  of  thiophen  and  pyrrole  show 
a  few  bands,  two  of  which  are  comparable  with  two  in  the  vapours 
of  furan  and  furfuraldehyde, 

(2)  Alcoholic  solutions  of  various  strengths  of  furan,  thiophen. 
and  pyrrole  show  no  absorption  bands,  whilst  3'/1000-solution  of 
furfuraldehyde  exhibits  a  strong  band  in  the  ultra-violet.  The 
liquids,  furfuraldehyde,  thiophen,  and  pyrrole,  have  no  absorption 
bands. 

The  author  has  already  compared  and  discussed  the  results  of 
a  comparative  study  of  the  vapours,  liquids,  and  solutions  of 
various  substances  (lor.  cif.).  The  present  investigation  confirms 
generally  the  conclusions  that  the  selective  absorption  by  the 
molecules  of  any  substance  is  conditioned,  not  only  by  the  type 
and  orientation  of  the  atoms,  but  also  by  the  physical  conditions, 
as  vapours,  liquids,  or  in  solution. 
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With  regard  to  the  solutions,  it  is  remarkable  that  furan, 
pyrrole,  and  thiophen  are  so  transparent,  and  that  furfuraldehyde 
exhibits  so  large  a  band.  The  many  bands  found  in  the  vapour 
of  the  latter  substance  disappear,  and  their  place  is  taken  by  one 
large  band.  The  comparative  transparency  of  the  vapours  of 
pyrrole  and  thiophen,  on  the  other  hand,  is  comparable  with  that 
of  the  solutions.  The  possible  influence  of  the  solvent  on  the 
vibrations  of  dissolved  molecules,  as  well  as  the  absence  of  bands 
in  liquids,  has  been  discussed  in  the  previous  papers  {loc.  cit.). 

Considering  the  vapours,  it  is  clear  that  the  vibrations  of  the 
atoms  of  the  furan  molecule  are  wholly  different  from  those  of 
the  thiophen  and  pyrrole  molecules.  The  substitution  of  oxygen 
by  sulphur  or  the  NH-group  has  completely  altered  the  oscillations 
or  vibrations  which  produce  selective  absorption.  The  thiophen 
and  pyrrole  vapours  are  transparent  as  compared  with  furan  and 
furfuraldehyde,  and  there  are  only  two  bands  common  to  them 
all.  The  series  of  phenomena  may  be  compared  by  considering  the 
influence  of  the  oxygen  atom  on  the  vibrations  of  the  other  atoms 
of  the  ring.  The  oxygen  atom  appears  to  be  the  controlling 
influence,  for  the  vapours  of  furan  and  furfuraldehyde  have  a 
considerable  number  of  bands;  and  these  bands  are  absent,  with 
two  exceptions,  from  the  vapours  of  thiophen  and  pyrrole,  in  which 
the  oxygen  atom  is  replaced  by  sulphur  and  the  NH-group  respec- 
tively. In  this  direction  the  results  may  be  discussed  from  the 
point  of  view  of  valency,  and  how  far  the  changing  valencies  of 
sulphur  and  nitrogen  are  responsible  for  the  remarkable  absence 
of  bands  in  the  vapours  of  thiophen  and  pyrrole,  as  compared  with 
furan  and  its  aldehydic  derivative.  In  the  case  of  furan  and  its 
derivative  the  normal  valency  of  oxygen  is  saturated,  and  the 
vapours  exhibit  a  considerable  number  of  bands,  whereas  in 
thiophen  and  pyrrole  the  valencies  of  the  sulphur  and  nitrogen 
atoms  are  not  saturated,  and  there  are  only  a  few  bands  in  the 
vapours  of  these  substances.  Considering  a  single  molecule  of 
furan,  and  assuming  the  saturation  of  the  valency  of  the  oxygen 
atom  to  be  normal  and  complete,  the  molecule  would  be  more 
stable,  more  elastic,  and  more  frequently  periodic  in  its  vibrations, 
because  its  energy  may  be  considered  to  be  wholly  contained 
within  the  single  system.  On  the  other  hand,  in  pyrrole  or 
thiophen,  the  energy  would  not  be  wholly  contained  within  the 
molecule,  because  the  valency  of  the  sulphur  or  the  nitrogen  atom 
is  not  at  its  maximum  saturation.  Part  of  the  energy  is  employed 
externally  to  the  single  molecular  system,  and,  as  a  result,  the 
molecule  does  not  possess  the  stability  or  the  elasticity  of  the  furan 
molecule;  the  regular  periodicity  of  its  vibrations  is  small  in  com- 
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parison,  and  the  bands  are  fewer  in  number  and  generally  different 
in  position. 

Nevertheless,  it  is  not  suflficient  to  explain  satisfactorily  the 
differences  in  the  absorption  bands  from  valency  considerations 
alone.  For  example,  Baker  and  Baly  (Trans.,  1907,  91,  1122) 
explained  the  absence  of  bands  in  the  ultra-violet  regions  of  solu- 
tions of  piperidine  by  considering  the  saturation  of  the  various 
atoms;  but,  as  the  author  has  pointed  out  (this  vol.,  p.  692),  the 
presence  of  the  many  bands  in  the  vapour  of  piperidine  is  opposed 
to  such  an  explanation.  Xor  is  it  sufficient  to  isolate  any  particular 
atom,  or  group  of  atoms,  in  a  molecule,  and  consider  these  alone 
as  the  primary  agents  in  any  vibrations  producing  selective  absorp- 
tion. The  introduction  of  a  single  atom  in  a  molecule  musf  affect 
the  movements  of  all  the  atoms;  and  the  vibrations  of  all  the 
atoms  are  concerned  in  the  final  result.  The  forces  which  influence 
these  lie  both  inside  and  outside  the  molecule.  They  include  such 
factors  as  valency,  mass,  the  nature  of  the  ring  system  and  its 
side-chains,  and  the  physical  conditions  as  vapours  or  in  solutions; 
and,  in  view  of  the  corpuscular  theory  of  the  atom,  a  complete 
explanation  of  the  origin  of  selective  absorption  implies  a  con- 
sideration of  many  and  deep-seated  factors. 

I  have  again  to  thank  the  Government  Grant  Committee  of  the 
Royal  Society,  by  whose  assistance  the  greater  part  of  the  cost  of 
the  apparatus  employed  in  this  investigation  was  defrayed. 

University  Chemical  Laboratobt, 
Cambridge. 


CLV. — The   Oxidation  of    MonoliydHc    Phenols    ivith 
Hydrogen  Peroxide. 

By  George  Gerald  Henderson  and  Robert  Boyd,  B.Sc. 
(Carnegie  Research  Scholar). 

IFaving  occasion  to  prepare  some  dihydric  phenols  of  the  formula 
*  ioH,2(OH)2,  we  endeavoured  to  find  a  simpler  and  more  direct 
method  of  obtaining  these  compounds  from  monohydric  phenols 
than  those  which  are  usually  employed.  To  begin  with,  we  applied 
to  thymol  the  process  of  oxidising  monohydric  phenols  in  alkaline 
solution  with  potassium  persulphate,  which  is  stated  to  work  well 
with  the  lower  members  of  the  series,  but  the  results  were  not 
satisfactory.     Equally  disappointing  results  attended  our  trials  of 
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the  method  of  oxidation  with  dilute  solutions  of  hydrogen  peroxide, 
but  the  use  of  Merck's  "  perhydrol,"  a  30  per  cent,  aqueous  solution 
of  hydrogen  peroxide,  led  to  the  attainment  of  the  desired  end. 
A  number  of  monohydric  phenols  of  the  benzene  series  were  treated 
with  this  reagent,  glacial  acetic  acid  being  used  as  a  solvent  for  the 
phenol,  and  all  were  found  to  undergo  oxidation  more  or  less  easily, 
either  in  the  cold  or  when  moderately  heated.  The  product  was 
either  a  quinone,  from  which,  of  course,  the  corresponding  dihydric 
phenol  could  be  obtained  by  reduction,  or  a  dihydric  phenol,  or,  in 
one  or  two  cases,  a  tetrahydric  phenol.  The  following  is  a  statement 
of  the  phenols  examined  and  of  the  products  obtained  from  them 
under  the  conditions  described  below. 

Thymol  gave  a  very  good  yield  of  thymoquinone,  along  with  a 
small  quantity  of  a  new  tetrahydric  phenol,  tetrahyd roxycymene, 
CgMePr^(0H)4,  a  colourless,  crystalline  solid,  melting  at  168°. 

Carvacrol  gave  the  same  products  as  thymol,  in  approximately 
the  same  relative  proportions. 

3  :  5-Diethylphenol,  CeHgEtg'OH,  gave,  apparently  as  sole  product, 
the  corresponding  3  :  5-dief  hyl-p-b enzoquinone ,  CfiHoEtgOo,  golden- 
yellow  needles,  melting  at  36°,  from  which,  by  reduction 
with  sulphurous  acid,  the  dihydric  phenol,  3 :  5-diethylquinol, 
CgH2Et2(OH)2,  was  obtained  in  colourless  crystals,  melting  at  114°. 
p-JVitroso-S :  5-diethylpIienol  was  also  prepared.  It  forms  pale 
yellow  crystals,  melting  at  136°,  and  on  reduction  and  subsequent 
oxidation  yields  diethyl-y-benzoquinone. 

p-^;er^.-Butylphenol,  C6H4(CMe3)*OH,  gave  a  new  tetrahydric 
phenol,  tetrahydroxy-tert.-hufylbenzene,  C6H(CMe3)(OH)4,  which 
crystallises  in  slender,  colourless  needles,  melting  at  138°. 

Phenol  gave.quinol,  a  little  j^-benzoquinone,  and  a  little  catechol; 
no  resorcinol  was  found. 

o-Cresol  gave  toluquinol  (2  :  5-dihydroxytoluene)  and  some  tolu- 
quinone ;  ??«-cresol  gave  toluquinol,  some  toluquinone,  and  a  little 
orcinol ;  and  p-cresol  gave  homocatechol  (3 :  4-dihydroxytoluene) ; 
no  other  product  was  found. 

The  character  of  the  oxidation  products  obtained  depended,  in 
the  first  place,  on  the  constitution  of  the  phenol  oxidised,  and,  in 
the  second  place,  on  the  conditions  of  the  experiment,  namely, 
the  proportion  of  perhydrol  used,  the  concentration  of  the  acetic 
acid  solution,  the  temperature,  and  the  time.  As  regards  the  first 
point,  it  was  found  that  monohydric  phenols,  in  which  the  77-position 
relative  to  the  hydroxyl  radicle  is  unoccupied  by  a  radicle  other 
than  hydrogen,  are  more  or  less  easily  attacked  by  hydrogen  per- 
oxide even  at  the  ordinary  temperature,  and  that  the  product  of 
oxidation  is  mainly  a  quinone,  or  a  ^;-dihydric  phenol,  or  a  mixture 
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of  both,  according  to  the  conditions  under  which  the  reaction  is 
carried  out.  On  the  other  hand,  those  monohydric  phenols  in 
which  the  p-jDosition  relative  to  the  hydroxyl  group  is  occupied  are 
oxidised  with  greater  difficulty,  and  a  higher  temperature  is  neces- 
sary; in  such  cases  the  product  is  usually  a  dihydric  phenol  con- 
taining the  hydroxyl  groups  in  the  o-position  with  respect  to  each 
other.  The  lower  members  of  the  series  tend  to  give  tarry  products 
more  ea-sily  than  the  higher  members,  and  it  is  best  to  use  a  larger 
proportion  of  the  solvent  (acetic  acid)  when  the  former  are  being 
oxidised. 

We  have  also  examined  the  action  of  perhydrol  on  some  cyclic 
hydrocarbons.  In  each  case  the  hydrocarbon  was  mixed  with  per- 
hydrol, sufficient  acetic  acid  to  form  a  clear  solution  was  added, 
and  the  liquid  was  left  for  some  time  at  the  ordinary  temperature 
or  gently  heated.  The  members  of  the  benzene  series  which  were 
used,  namely,  benzene,  toluene,  1  :  3-diethylbenzene,  and  cymene,  did 
not  appear  to  react  at  all  easily  with  the  oxidising  agent,  but 
naphthalene,  anthracene,  and  phenanthrene  were  readily  oxidised, 
yielding  phthalic  acid,  anthraquinone,  and  phenanthraquinone 
respectively. 

The  course  of  the  preparative  work  involved  in  this  investigation 
led  us  to  attempt  to  prepare  higher  dihydric  phenols  directly  by 
condensing  quinol  and  resorcinol  with  diethyl  ether  in  presence  of 
anhydrous  aluminium  chloride.  These  experiments  were  unsuccess- 
ful, but  we  found  that  phenol  could  be  condensed  with  methyl  propyl 
ether,  yielding  a  substance  which  appears  to  be  a  methyl projtyl- 
phenoJ,  CeHgMePr-OH. 

We  intend  to  continue  to  study  the  behaviour  of  hydrocarbons 
towards  perhydrol,  and  also  to  extend  our  experiments  to 
derivatives  of  phenols  and  to  phenols  other  than  those  of  the 
benzene  series. 

Experimental. 

According  to  a  patented  process  (D.R.-P.  81068  and  81298), 
dihydric  phenols  of  the  benzene  series  can  be  obtained  on  the 
manufacturing  scale  from  monohydric  phenols  by  means  of 
potassium  persulphate.  The  persulphate  is  added  in  small  portions 
to  a  dilute  alkaline  solution  of  the  phenol,  and  the  liquid  is  kept 
for  one  or  two  days  at  ^he  ordinary  temperature,  or  at  40°.  When 
the  reaction  is  finished,  the  solution  is  saturated  with  carbon  dioxide, 
any  unchanged  phenol  is  distilled  off  in  a  current  of  steam,  the 
residual  liquid  is  acidified  with  dilute  acid  and  then  boiled,  and 
finally  the  dihydric  phenol  which  has  been  formed  is  extracted  with 
♦her.  If  the  p-position  relative  to  the  hydroxyl  group  in  the 
iaonohydric  phenol  is   free,    a  7;-dihydroxy-compound   is   obtained, 
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but  if  the  jJ-position  is  occupied,  the  product  contains  two  hydroxyl 
groups  in  the  o-position  with  respect  to  each  other.  Thus,  phenol 
yields  quinol,  whilst  p-cresol  yields  homocatechol. 

As  the  process  appeared  to  be  a  practicable  one,  we  applied  it 
in  the  prescribed  manner  to  the  oxidation  of  thymol,  but  found 
that  with  that  compound  the  reaction  does  not  proceed  smoothly, 
as  in  the  case  of  lower  phenols.  Much  of  the  thymol  remained 
unattacked,  whilst  the  rest  was  mainly  converted  into  a  tarry 
substance,  from  which  it  was  scarcely  possible  to  separate  any 
definite  oxidation  product.  Various  modifications  of  the  process 
were  tried — such  as  keeping  the  mixture  cool  with  ice;  adding  the 
persulphate  to  a  solution  of  thymol  in  the  least  possible  quantity 
of  alkali,  and  maintaining  the  mixture  slightly  alkaline  by  addition 
of  sodium  carbonate  from  time  to  time;  agitating  a  mixture  of 
thymol  with  aqueous  potassium  persulphate  for  several  days,  both 
at  the  ordinary  temperature  and  at  60° — but  with  no  improvement 
in  the  results. 

A  dilute  solution  of  hydrogen  peroxide,  either  with  or  without 
the  addition  of  a  small  quantity  of  an  iron  salt,  has  frequently  been 
used  as  an  oxidising  agent,  and^  according  to  Martinon  (Bull.  Soc. 
chim.,  1885,  [ii],  43,  155),  when  dilute  aqueous  hydrogen  peroxide 
is  gradually  added  to  pure  phenol  in  the  cold,  and  the  liquid  is 
subsequently  heated  to  90°,  oxidation  of  the  phenol  takes  place, 
and  a  mixture  of  quinol,  ^^-benzoquinone,  and  catechol  is  obtained. 
With  thymol,  however,  we  found  this  process  also  to  be  unsatisfac- 
tory; using  ordinary  "ten  volume"  hydrogen  peroxide,  according 
to  Martinon 's  method,  very  little  of  the  thymol  was  attacked,  even 
when  the  mixture  was  heated.  It  then  occurred  to  us  to  try  a 
stronger  solution  of  hydrogen  peroxide,  and  this  led  to  success.  It 
was  found  that  thymol  and  other  monohydric  phenols,  when  dis- 
solved in  glacial  acetic  acid,  are  more  or  less  readily  oxidised  by 
perhydrol,  with  the  results  described  in  the  following  pages. 

Oxidation  of  Thymol  with  Perhydrol. — Seventy-five  grams  of 
thymol  (1  mol.)  were  mixed  with  190  c.c.  of  perhydrol  (about 
2  mols.),  sufficient  acetic  acid  was  added  to  hold  the  thymol  in 
solution,  and  the  mixture  was  kept  at  the  ordinary  temperature. 
After  a  week  or  two,  a  small  quantity  of  a  colourless,  crystalline 
solid  had  separated  from  the  solution.  The  solid  was  collected,  and 
water  was  gradually  added  to  the  filtrate  until  no  further  pre- 
cipitation took  place.  The  yellow,  crystalline  precipitate  was 
agitated  with  dilute  sodium  hydroxide,  when  only  a  small  part 
passed  dnto  solution,  and  the  undissolved  portion  was  collected, 
washed  with  water,  and  dried.  The  golden-yellow  crystals  obtained 
in  this  waj^  melted  at  455°,  and  were  identified  as  thymoquinone. 
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A  small  additional  quantity  of  thymoquinone  was  obtained  from 
the  mother  liquor  by  steam  distillation.  Only  a  little  of  the  thymol 
remained  unoxidised. 

The  alkaline  solution  with  which  the  thymoquinone  had  been 
washed  gave,  on  acidification,  a  precipitate  of  a  crystalline  com- 
pound, which  proved  to  be  identical  with  the  substance  which  had 
crystallised  from  the  original  acetic  acid  solution.  After  purification 
by  recrystallisation  from  dilute  alcohol,  it  was  dried  and  analysed : 

01562  gave  0-3460  CO..  and  00947  H.^O.     C  =  60-4  ;  H  =  6-7. 

01544     „     0-3399  COo     „    00992  HoO.     0  =  601 ;  H  =  7-l. 
CjoHi404  requires  C  =  60-6;  H  =  7-l  per  cent. 

Tctiahydro3:ycymene,  C6MePr^(OH)4,  so  obtained,  forms  small, 
colourless  crystals,  which  melt  at  168°.  If  exposed  to  the  air  in  a 
moist  state,  it  begins  to  turn  yellow.  It  is  rather  sparingly  soluble 
in  cold  water,  readily  so  in  alcohol,  ether,  chloroform,  or  glacial 
acetic  acid.  It  dissolves  with  ease  in  solutions  of  alkali  hydroxides, 
and  the  colourless  liquid  quickly  begins  to  acquire  a  brown 
coloration  in  contact  with  air.  In  an  aqueous  solution,  ferric 
chloride  produces  a  bulky,  red  precipitate. 

The  chief  product  of  the  oxidation  of  thymol  by  perhydrol  is 
thymoquinone,  whilst  tetrahydroxycymene  is  only  formed  in  small 
proportion.     Very  little  tarry  matter  is  produced. 

Ale  Me  Me 
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Oxidation  of  Carvacrol  with  Perhydrol. — The  oxidation  was 
carried  out  in  the  same  way  as  in  the  case  of  thymol,  and,  as  was 
be  expected,  the  result  was  precisely  similar.  The  chief  product 
w.os  thymoquinone,  and,  in  addition,  a  small  quantity  of  tetra- 
hydroxycymene was  formed.  Only  a  little  tarry  matter  was  pro- 
duced, and  almost  all  the  carvacrol  was  oxidised. 
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Oxtflafion  of  3:  b-Dietltyl'phenol  uith  Perhydrol. — The  diethyl- 
phenol  required  for  this  experiment  was  prepared  by  Jannasch  and 
Rath  Jen's  method  {Ber.,  1899,  32,  2392),  which  gave  a  satisfactory 
vield. 

The  diethylphenol  was  oxidised  with  perhydrol  in  the  same  way 
1.^   thymol.     When    the   reaction    appeared  Xo  be  completed,    the 


1664  HENDERSON    AND   BOYD:   THE   OXIDATION    OF 

solution  was  diluted  with  water,  and  the  yellow  crystals,  which 
separated  after  some  time,  were  collected  and  purified  by  crys- 
tallisation from  dilute  alcohol.  Examination  of  the  properties  of 
the  compound  showed  it  to  be  3 :  b-diethyl--p-h enzoquinone, 
CgHgEtoOg,  which,  for  purposes  of  comparison,  we  had  already 
prepared  by  another  method  described  below.  The  filtrate  was 
neutralised  with  sodium  carbonate  and  agitated  with  ether,  the 
ethereal  solution  was  washed  and  dried,  and  after  removal  of  the 
ether  by  distillation  a  dark  red,  oily  residue  was  obtained.  The  oily 
substance  was  shaken  up  with  water,  and  after  a  short  time  the 
greater  part  solidified.  The  crystals  were  collected  and  drained  on 
a  porous  plate,  and,  after  recrystallisation,  proved  to  be  a  further 
quantity  of  diethyl-y-benzoquinone.  The  small  quantity  of  oily 
matter  which  was  produced  along  with  the  quinone  was  not  further 
examined. 

Et  Efc 

/\  ->  ^\o  . 


Diethyl-^^-benzoquinone  was  also  prepared  from  diethylphenol  by 
a  less  direct  method. 

Tp-Nitroso-%:  b-diethyl'phenol,  0!C^H2Et2lNOH  (diethi/l-p-benzo- 
quinoneoxime),  was  first  obtained  as  follows.  Diethylphenol  was 
dissolved  in  alcohol  previously  saturated  with  hydrogen  chloride, 
the  solution  was  cooled  with  ice,  and  a  cooled  concentrated  aqueous 
solution  of  the  calculated  quantity  of  sodium  nitrite  was  slowly 
added.  The  dark  green  liquid  obtained  in  this  way  was  poured 
into  water,  when  a  yellowish-brown  solid  was  precipitated.  The 
precipitate  was  collected,  washed  with  water,  dried,  washed  with  a 
little  chloroform,  and  recrystallised  from  dilute  alcohol.  It  forms 
small  prisms  of  a  pale  yellow  colour,  which  melt  and  decompose  at 
136°.     It  is  readiy  soluble  in  alcohol,  and  almost  insoluble  in  water : 

01940gavel3  c.c.  Ng  at  15°  and  760  mm.     N  =  7-84. 
0-3920     „     26-4  c.c.  No  at  20°  and  760  mm.     N  =  7-7. 
CjoHjgOjN  requires  N  =  7"8  per  cent. 

3 :  5-JJiefI/i/J-p-be?izoquinone,  OiCgHoEtolO,  was  prepared  from 
nitrosodiethylphenol  in  the  following  manner.  Five  grams  of  the 
nitroso-compound  were  dissolved  in  50  grams  of  10  per  cent, 
ammonia,  and  the  solution  was  saturated  with  hydrogen  sulphide. 
The  reduction  product,  77-aminodiethylphehol,  was  precipitated  as  a 
white  solid,  which  was  collected  and  washed  with  water.  The  pre- 
cipitate was  dissolved  in  90  c.c.  of  3  per  cent,  sulphuric  acid,  and 
100  CO.  of  water  and  50  c.c.  of  a  10  per  cent,  solution  of  potassium 
dichromate  were  added.     After  about  half  an  hour,  the  precipitate 
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which  had  formed  was  collected  and  dissolved  in  glacial  acetic  acid, 
and  small  quantities  of  chromic  anhydride  were  added  to  the  solution 
from  time  to  time  until  the  oxidation  was  completed.  The  quinone 
was  then  precipitated  with  water,  collected,  washed  with  water, 
and  purified  by  crystallisation  from  dilute  alcohol.  It  forms  slender 
needles  of  a  golden-yellow  colour,  which  melt  at  36°.  If  it  is 
allowed  to  separate  slowly  from  solution,  crystals  several  centimetres 
in  length  may  be  obtained.  It  is  only  slightly  soluble  in  water, 
but  easily  so  in  alcohol  or  ether,  and  it  volatilises  readily  in  a 
current  of  steam : 

0-1967  gave  0-5294  CO.,  and  0-1240  H.^O.     C  =  73-4;  H-70. 

CioHj-jOo  requires  C  =  73-2;  H  =  7-3  per  cent. 
The  corresponding  dihydric  phenol,  3:5-  diethylquinol, 
C6H2Et.i(OH)o,  was  prepared  by  reduction  of  the  quinone  with 
sulphurous  acid.  The  quinone  was  gently  warmed  with  aqueous 
sulphurous  acid  until  all  the  solid  had  passed  into  solution,  and 
the  reduction  appeared  to  be  completed.  The  phenol  was  then 
extracted  with  ether,  and  the  ethereal  solution  was  washed  with 
water,  dried,  and  concentrated  to  small  bulk.  On  cooling,  the 
phenol  separated  in  small,  colourless  crystals.  It  melts  at  114°,  and 
is  fairly  easily  soluble  in  water,  and  readily  so  in  alcohol  or  ether. 
A  solution  in  alkali  hydroxides  is  at  first  colourless,  but  quickly 
turns  brown  on  exposure  to  air.  In  aqueous  solution  the  phenol  is 
readily  oxidised  by  ferric  chloride,  yielding  the  quinone : 
0-2707  gave  0-7145  COo  and  02073  H^O.     C  =  720 ;  H  =  86. 

CjoHi^Oo  requires  0  =  723;  H  =  8-4  per  cent. 
Oxidation  of  ^'tevt.-ButylphenoI,  C6H4(CMe3)*OH,  with  Per- 
hydrol. — The  phenol  required  for  this  experiment  was  prepared 
from  ^e/7.-butylbenzene.  Nitration  of  the  hydrocarbon  yielded  a 
mixture  of  the  solid  p-  with  some  of  the  liquid  o-nitro-derivative. 
The  p-nitro-compound  was  separated  and  reduced  by  means  of  tin 
and  hydrochloric  acid.  The  oily  p-amino-compound  was  diazotised, 
and  on  distilling  the  solution  with  steam,  a  satisfactory  yield  of  the 
phenol  was  obtained  in  lustrous  needles,  which  melted  at  98°  (com- 
pare Studer,  Be,:,  1881,  14,  1472). 

Five  grams  of  the  phenol  were  mixed  with  10  grams  of  perhydrol 
and  the  quantity  of  acetic  acid  required  to  form  a  clear  solution. 
In  this  case  the  reaction  appeared  to  proceed  very  slowly  at  the 
ordinary  temperature,  hence  the  solution  was  heated  at  about  60° 
for  several  days,  and  then  neutralised  with  sodium  carbonate  and 
agitated  with  ether.  The  ethereal  solution  was  washed  with  water, 
dried,  and  after  removal  of  the  ether  by  distillation,  a  white,  solid 
residue  was  left,  which  was  recrystallised  from  dilute  alcohol.  The 
aubstance  thus  obtained  was  found  on  analysis  to  be  tetrahydroTy- 
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ievt.-hutylhenzene,  C^iC'M.e^iO'R)^.  It  crystallises  in  slender, 
colourless  needles,  which  melt  at  138°.  It  dissolves  rather  sparingly 
in  water,  but  freely  in  alcohol  or  ether  and  in  solutions  of  alkalis. 
Ferric  chloride  does  not  produce  a  coloration  in  an  aqueous  solution. 
The  probable  constitution  of  the  compound  is  shown  by  the  formula 

CMeg 


jOH 
HOi      JOH  • 


OH 

0-1179  gave  0-2602  CO2  and  0-0764  H^O.     C  =  60-2;  H  =  7-2. 
C10HJ4O4  requires  C  =  60-6;  H  =  7-l  per  cent. 

From  the  mother  liquor  from  which  the  tetrahydric  phenol  had 
crystallised,  a  small  quantity  of  another  colourless,  crystalline 
convpound  was  isolated.  This  substance  melts  at  58°,  and  is 
sparingly  soluble  in  water,  but  readily  so  in  solutions  of  alkalis. 
There  was,  however,  too  little  in  our  hands  for  identification.  Not 
much  tarry  matter  was  formed,  and  practically  all  the  butylphenol 
was  oxidised.  We  expected  to  get  a  dihydric  phenol  (3 :  4-di- 
hydroxybutylbenzene)  as  the  chief  product,  but  probably  the  fact 
that  the  mixture  was  heated  for  some  time  accounts  for  the 
formation  of  the  more  highly  oxidised  compound.  A  repetition  of 
the  experiment  at  a  lower  temperature  may  yield  the  dihydric 
phenol. 

Having  obtained  these  results  with  phenols  of  the  formula 
CioHj3*OH,  it  appeared  of  interest  to  investigate  the  behaviour 
towards  perhydrol  of  some  of  the  lower  members  of  the  series,  and 
we  selected  as  examples  phenol  and  0-,  m-,  and  ^'-cresols.  Pre- 
liminary experiments  showed  that  these  compounds  are  more 
susceptible  to  the  action  of  the  oxidising  agent  than  thymol  and 
the  other  higher  phenols  examined,  and  that  in  order  to  prevent  the 
formation  of  considerable  quantities  of  tarry  matters  it  was  neces- 
sary to  avoid  using  excess  of  perhydrol,  to  dilute  the  mixture  with 
a  larger  proportion  of  acetic  acid,  and  usually  to  carry  out  the 
oxidation  at  the  ordinary  temperature. 

Oxidation  of  Phenol  with  Perhydrol. — The  phenol  was  mixed 
with  perhydrol  in  such  quantity  that  about  1  mol.  of  hydrogen 
peroxide  was  present  for  each  mol.  of  phenol,  and  about  twice  the 
quantity  of  acetic  acid  necessary  to  keep  the  phenol  in  solution  was 
added.  After  keeping  for  several  days  at  the  ordinary  tem- 
perature, a  crop  of  crystals  had  separated  from  the  solution.  The 
solid  was  collected,  purified,  and  proved  to  consist  of  quinol,  by 
determination  of  its  melting  point,  169°,  and  by  its  easy  conversion 
into  2^-benzoquiuone  by  oxidation  with  ferric  chloride  in  aqueous 
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solution.  The  liquid  from  which  the  crystals  of  quinol  had  been 
removed  was  distilled  with  steam,  when  a  little  p-benzoquinone 
passed  over  and  was  collected.  The  residual  liquid  gave  a  pre- 
cipitate when  mixed  with  lea-d  acetate.  The  first  portion  of  the 
precipitat-e,  which  was  very  impure,  was  rejected;  the  rest  was 
collected  and  decomposed  with  dilute  sulphuric  acid.  The  filtrate 
from  the  lead  sulphate  was  agitated  with  ether,  and  from  the 
ethereal  solution  a  solid  which  gave  all  the  reactions  of  catechol 
was  obtained.  A  further  quantity  of  quinol  was  obtained  from  the 
liquid  from  which  the  lead  salt  of  catechol  had  been  separated, 
but  no  resorcinol  could  be  detected.  Thus,  with  the  strong  solution 
of  hydrogen  peroxide,  the  oxidation  products  from  phenol  were  the 
same  as  those  obtained  by  Martin  on  {Joe.  cit.)  by  the  use  of  a 
dilute  solution : 

OH  OH  OH  O 

^°         ^  I        I       ^       I         I        ^     II       I- 

\/  \/  ^^ 

OH  0 

Oxidation  of  o-Cresol  with  Perhydrol. — The  conditions  of  the 
experiment  were  the  same  as  in  the  case  of  phenol,  except  that  as 
the  oxidation  proceeded  much  more  slowly  at  the  ordinary  tem- 
perature, the  liquid  was  heated  to  60°  for  two  days,  with  the  result 
that  a  considerable  proportion  of  tarry  matter  was  formed.  The 
liquid  was  then  distilled  in  a  current  of  steam,  and,  along  with  some 
unchanged  o-cresol,  there  passed  over  a  yellow,  crystalline  com- 
pound, which  was  identified  as  toluquinone.  The  residual  liquid 
was  neutralised  with  sodium  carbonate  and  agitated  with  ether, 
and  from  the  ethereal  solution,  after  washing  with  water  and 
removal  of  the  ether,  a  dark-coloured,  oily  residue  was  obtained. 
This  residue  was  dissolved  in  water,  and  the  tarry  impurities  were 
precipitated  by  addition  of  lead  acetate ;  the  filtrate  was  then  found 
to  contain  toluquinol.  No  other  oxidation  products  could  be 
detected  with  certainty,  although  it  is  not  improbable  that  the 
lead  precipitate  contained  a  little  of  such : 

Me  Me  Me 

Oxidation  of  m-Cresol  with  Perhydrol. — The  oxidation  was 
carried  out  precisely  as  in  the  case  of  phenol.     After  being  kept 

r  a  sufficient  time,  the  liquid  was  distilled  in  a  current  of  steam, 
and  the  distillate  was  found  to  contain  toluquinone,  together  with 
■ome  unchanged  m-cresol.     The  residual  liquid  was  filtered  in  order 
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to  remove  some  tarry  matter  which  was  present,  lead  acetate  was 
added  to  the  filtrate,  and  the  lead  salt,  which  was  precipitated, 
was  collected.  The  filtrate  was  agitated  with  ether,  and  toluquinol 
was  obtained  on  concentration  of  the  ethereal  extract.  The  lead 
salt  was  decomposed  with  dilute  sulphuric  acid,  and  the  filtrate 
from  the  lead  sulphate  yielded  to  ether  a  substance  with  the 
reactions  of  orcinol : 

Me  Me  Me  Me 


Oxidation  of  p-Cresol  tvith  Ferhydrol. — Preliminary  experiments 
showed  that  ;p-cresol  was  not  oxidised  by  perhydrol  nearly  so  easily 
as  0-  or  »j-cresol,  and  consequently  the  mixture  of  ^-cresol,  per- 
hydrol, and  acetic  acid  was  heated  at  about  60°  for  three  days. 
The  greater  part  of  the  acetic  acid  was  then  neutralised  with 
sodium  carbonate,  and  the  oily  liquid  which  was  thrown  out  of 
solution  was  separated.  The  aqueous  liquid  gave  no  precipitate 
with  lead  acetate,  which  indicated  the  absence  of  /soorcinol.  It 
was  agitated  with  ether,  and  after  the  ethereal  solution  had  been 
washed,  the  ether  was  removed  by  distillation,  and  an  oily  residue 
was  left.  This  was  mixed  with  the  oily  substance  which  had 
already  been  obtained,  and  the  mixture  was  distilled.  A  large 
portion  of  the  distillate  proved  to  be  unchanged  j^-cresol,  but  the 
fraction,  which  boiled  at  240 — 255°,  yielded  on  redistillation  a 
syrupy  liquid,  which  gave  the  characteristic  reactions  of  homo- 
catechol  (3 :  4-dihydroxytoluene) — reduction  of  Fehling's  solution 
and  of  ammoniacal  silver  nitrate  in  the  cold,  and  with  ferric 
chloride  a  green  coloration  which  turned  brown  after  some  time. 
Homocatechol  was  the  only  oxidation  product  detected: 

Me  Me 

OH  OH 

Attempfed  Condensation  of  Resorcinol  and,  of  Qninol  with 
Diethyl  Ether. — In  view  of  the  fact  that  diethylphenol  was  readily 
obtained  by  condensing  phenol  with  ether  with  the  aid  of  anhydrous 
aluminium  chloride,  we  thought  it  desirrfble  to  attempt  to  prepare 
corresponding  dihydric  phenols  by  a  similar  direct  method. 
Accordingly,  a  mixture  of  resorcinol  with  ether  was  treated  with 
aluminium  chloride  in  the  manner  desci'ibed  by  Jannasch  and 
Rath j en  (lac.  cit.).  Only  a  slight  reaction  appeared  to  take  place 
even    when   the  mixUne  was  )ieated,   and    when  the  product  was 
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treated  with  water  and  worked  up  in  the  usual  way,  practically 
nothing  but  unchanged  resorcinol  was  obtained.  An  attempt  to 
condense  quinol  with  ether  was  equally  unsuccessful,  and  it  is  evident 
that  these  dihydric  phenols  do  not  undergo  condensation  with  ether 
under  the  same  conditions  as  lead  to  the  formation  of  diethylphenol. 
Condensation  of  Phenol  irith  Methyl  Proivjl  Ether. — In  order  to 
ascertain  whether  the  reaction  between  phenol  and  diethyl  ether 
could  be  extended  to  other  ethers,  w-e  prepared  some  methyl  propyl 
ether,  and  condensed  it  with  phenol  in  the  following  manner. 
Thirty  grams  of  phenol  were  dissolved  in  an  equal  weight  of  pure 
ether,  the  solution  was  cooled,  and  120  grams  of  anhydrous 
aluminium  chloride  were  slowly  added  in  small  portions.  The 
mixture  was  then  heated  at  140°  until  no  more  hydrogen  chloride 
was  evolved,  and,  after  cooling,  the  mass  was  decomposed  with 
water  and  the  oily  product  extracted  with  ether.  The  ethereal 
solution  was  washed  and  dried,  the  ether  removed,  and  the  residue 
distilled.  A  little  unchanged  phenol  passed  over  first,  but  the 
bulk  of  the  product  distilled  at  130 — 140°.  On  redistillation  of  this 
fraction,  an  oily  liquid,  boiling  at  about  135°,  was  obtained.  It  is 
sparingly  soluble  in  water,  but  easily  so  in  alcohol  or  ether  and 
in  solutions  of  alkali  hydroxides,  and  in  aqueous  solution  it  gives  a 
dark  green  coloration  with  ferric  chloride.  Probably  this  com- 
pound is  a  methyljtropylphenol,  CgHaMePr'OH.  We  propose  to 
study  the  condensation  of  monohydric  phenols  with  ethers  more 
fully. 

We  take  this  opportunity  of  expressing  our  thanks  to  the 
Research  Fund  Committee  of  the  Carnegie  Trust  for  a  grant  which 
defrayed  the  expenses  of  this  investigation. 

Chemistry  Department, 
The  Gl.\soow  and  West  of  Scotland  Technical  Collece. 


CLVI. — The  Relation  between  Solubility  and  the 
Physical  State  of  the  Solvent  in  the  Case  of  the 
Absorption  of  Carbon  Dioxide  in  'p-Azoxyphenetole. 

By  Ida  Frances  Homfray,  D.Sc. 

There  appears  to  be,  at  the  present  time,  a  considerable  amount 
of  evidence  to  show  that  solution  is.  in  general,  a  property  of  the 
amorphous,  as  distinguished  from  the  crystalline,  form  of  matter. 
As,  however,  this  evidence  is  somewhat  scattered,  it  is  perhaps  not 
undesirable  to  collate  some  of  the  more  salient  points. 
VOL.  xcvn.  5  R 
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A  solution,  in  its  widest  sense,  may  be  taken  to  mean  a  homo- 
geneous phase  of  two  or  more  components  in  variable  proportions; 
it  may  be  present  in  the  gaseous,  liquid,  or  solid  state. 

Solutions  in  the  normal  liquid  phase  can  exist  in  equilibrium 
with  almost  all  solids,  liquids,  and  gases,  and  the  same  may  be 
said  of  the  gaseous  phase,  for  the  vapours  of  liquids  and  solids  are 
all  completely  miscible. 

When,  however,  we  consider  mixtures  in  the  solid  phase,  we  find 
that  a  definite  distinction  must  be  drawn  between  the  amorphous 
and  the  crystalline  forms. 

The  presence  of  directive  forces  and  the  formation  of  crystal 
faces  appear  almost  entirely  to  prevent  molecular  interpenetration, 
mixtures  of  variable  proportions  being  practically  confined  to 
isomorphous  substances. 

Thus,  a  finely  divided  crystalline  precipitate  is  generally  pure 
and  easily  freed  from  solution  and  moisture,  whereas  an  amorphous 
precipitate  always  carries  down  with  it  both  liquid  and  solid 
impurities  in  a  state  of  intimate  mixture  indistinguishable  from 
true  solution,  and,  after  drying,  reabsorbs  moisture  from  the  air. 

As  has  been  pointed  out  by  Roozeboom  and  others,  no  logical 
distinction  can  be  drawn  between  the  liquid  and  solid  states,  unless 
the  latter  term  is  restricted  to  the  crystalline  condition.  Glass, 
a  typically  amorphous  substance,  can  pass  by  gradual  transition 
from  the  mobile  liquid  form,  through  all  stages  of  viscosity,  to  a 
condition  of  mechanical  rigidity,  no  triple  point  occurring  in  the 
system,  which  consists  throughout  of  two  phases  only :  vapour 
(negligible  in  this  case)  and  congealing  fluid.  In  this  condition 
it  must  therefore  be  considered  as  a  highly  supercooled  fluid.  Like 
other  fluids,  it  is  capable  of  dissolving  foreign  substances,  notably 
the  metallic  oxides  used  as  colouring  matter. 

If,  however,  crystallisation  sets  in,  it  proceeds  continuously  with- 
out external  agency  to  completeness,  the  supercooled  state  being  a 
metastable  one,  and  at  the  same  time  dissolved  matter  is  separated 
from  the  crystals.  The  results  are  seen  in  some  ancient  stained 
glass  windows,  where  devitrification  is  slowly,  but  irremediably, 
proceeding. 

The  same  distinction  is  very  well  exemplified  by  many  of  the 
igneous  rocks,  crystals  of  pure  minerals  being  surrounded  by  an 
isotropic  glassy  matrix  of  homogeneous  structure,  but  consisting 
of  a  solution  of  indefinite  composition  in  the  supercooled  fluid  state. 

The  gradual  penetration  of  crystalline  metals  by  gold  appears 
at  first  sight  to  indicate  solution  in  the  crystalline  state.  The 
experiments  have,  however,  been  conducted  under  very  high 
pressure,  and  both  Ewing  and  Spring  have  shown  that  something 
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approaching  liquefaction  occurs  on  the  surface  of  metals  exposed 
to  frictional  pressure;  the  same  probably  takes  place  throughout 
the  metal  when  xmder  great  stress,  progressive  solution  of  other 
metals  accompanying  it  and   producing  uniform   distribution. 

The  equilibria  between  gases  and  solids  present  many  interesting 
points,  but  have  not  received  much  attention,  except  in  the  case 
of  the  absorption  of  hydrogen  by  palladium  and  platinum.  It 
appears  still  uncertain  whether  this  is  a  case  of  true  solution  or  of 
an  unstable  chemical  compound,  the  absorption  being  entirely 
selective,  and  taking  place  only  at  high  temperatures. 

It  has  long  been  known  that  fused  silver  dissolves  considerable 
quantities  of  oxygen,  retaining  it  while  in  the  supercooled  state. 
On  crystallising,  the  gas  is  evolved  with  considerable  violence. 
Quite  recently  this  phenomenon  has  been  qualitatively  investigated, 
together  with  the  explosive  crystallisation  of  antimony,  due  to 
the  same  cause  (Sieverts,  Zeif.  ithysi'tkal.  C/iein.,  1909,  68.  115). 
A  curious  case  of  the  formation  of  air  bubbles  expelled  from 
solution  on  the  devitrification  of  glass  slag  has,  I  believe,  been 
brought  to  the  notice  of  geologists  on  the  north-west  coast  of 
England,  where  the  floating  glass  was  washed  up  and  at  first 
mistaken  for  the  product  of  submarine  volcanic  action.  At  low 
temperatures,  amorphous  nickel  oxide  can  dissolve  considerable 
quantities  of  gas,  and  the  quantitative  study  of  the  laws  governing 
the  equilibria  between  charcoal  and  various  gases  has  led  the  author 
(7Vof.  Hoi/.  Sor.,  1910,  A,  84,  99)  to  the  conclusion  that  the 
bsorption  is   to   be    attributed  rather    to   solution  in  the  highly 

percooled  fluid  than  to  surface  condensation.     Also,  on  heating 

e  charcoal  to  a  high  temperature,  its  absorptive  power  is  per- 
'nanently  much  reduced,  probably  owing  to  partial  crystallisation, 
!or,  on  converting  it  completely  into  graphite,  the  property  is 
'  ntirely  lost. 

In  view  of  the  foregoing  considerations,  it  is  obviously  of  con- 
siderable interest  to  investigate  the  solubility  of  gases  in  substances 
which  can  exist,  between  definite  temperature  limits,  in  the  rigid 
crystalline,  liquid  crystalline,  and  isotropic  liquid  forms.  For, 
according  to  this  view,  the  two  first  phases  muat  both  be  classed  as 
.solids,  and  may  be  expected  to  have  considerably  smaller  solvent 
power  than  the  isotropic  liquid.  It  has  been  shown  by  Schenck 
(Zeit.  physikal.  Chem.,  1898,  25,  337)  that  isotropic  liquids  are  not 

Wmiscible  with  th:e  crystalline  liquid  phase;  the  present  investigation 
is  therefore  confined  to  the  question  of  the  solubility  of  gases,  carbon 
dioxide  being  the  most  suitable. 

These  phases  are  produced  at  successively  higher  temperatures, 
md  if,  therefore,  either  or  both  changes  of  phase  is  accompanied 
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by  a  considerable  increase  of  gas  absorption,  the  temperature- 
pressure  diagram  should  show  definite  maxima  and  minima.  It 
appears  from  the  researches  of  Lehmann,  and  more  recently  of 
Vorlander,  Hulett,  Schenck,  and  others,  that  there  is  little  reason 
to  doubt  the  truly  crystalline  structure  of  the  anisotropic  liquid. 

The  first  experiments  to  be  described  were  carried  out  with 
27-azoxyphenetole  (obtained  direct  from  Kahlbaum  and  re- 
crystallised),  and,  in  spite  of  the  comparatively  high  melting  and 
clearing  points  (156'5°  and  16r7°),  and  consequent  very  small 
actual  volume  of  gas  dissolved,  well  marked  maxima  and  minima 
were  consistently  recorded  in  the  numerous  series  of  measurements 
under    slightly    modified    conditions    which    were    required    before 


To  CO,  yf^scL- 
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quantitative  results  were  obtained.  It  was,  of  coixrse,  also  necessary 
to  prove  conclusively  that  no  chemical  action  takes  place,  even  at 
the  highest  temperatures  required. 

The  apparatus  used  is  shown  in  the  accompanying  diagram. 

The  differential  manometer  L,lt,  as  well  as  the  connecting  tubes 
to  the  experimental  bulb  B  and  the  gas-holder,  were  of  thick-walled 
glass  tubing  of  2  mm.  bore.  The  two  manometer  taps  T,T  were 
of  the  pattern  containing  a  T-shaped  bore,  so  that  the  whole 
apparatus  could  be  evacuated  with  the  mercury'  pump  or  the 
pressure  equalised  throughout  with  that  in  the  gas  holder. 

The  required  temperatures  were  obtained  by  immersing  the  bulb 
and  a  definite  length  of  the  tubing  ha  in  a  large  test-tube  con- 
taining aniline  boiling  under   diminished  pressure.     By  means  of 
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the  water-pump  and  a  spring  pressure-regulator,  it  was  found  that 
the  pressure  could  be  kept  constant  to  within  a  few  millimetres. 
The  readings  of  the  single-tube  gauge  G  give  differences  from 
observed  barometric  height,  whence  the  temperatures  are  obtained 
from  the  known  vapour-pressure  curve  for  aniline.  After 
evacuation,  pure  dry  carbon  dioxide  was  admitted  from  the  gas- 
holder, all  taps  being  open,  and  the  levels  in  the  two  limbs  L  and  U 
of  the  manometer  consequently  the  same. 

The  taps  T,T  were  then  turned  so  that  thqf  limb  U  connected 
only  with  the  gas  holder,  and  the  limb  L  only  with  the  experimental 
bulb.  The  mass  of  gas  in  the  bulb  B,  tubes  ha  and  aO,  and  limb  L 
to  the  mercury  level,  is  therefore  constant,  whilst  the  pressure  in 
the  limb  R  is  the  same  as  that  in  the  gas  holder,  and  is  found  by 
reading,  on  the  scale,  the  diflference  of  level  between  the  mercury 
in  U  and  in  the  open  tube  M.  By  having  a  large  mercury  reservoir, 
this  pressure  is  not  sensibly  affected  by  changes  in  atmospheric 
temperature.  As  a  rule,  the  reservoir  was  fixed  so  that  the  excess 
pressure  over  the  atmospheric  was  about  15  cm.  of  mercury. 

The  calibration  of  the  apparatus  was  effected  by  removing  the 
aniline  jacket  and  immersing  the  bulb  and  tube  ha  in  melting  ice, 
water  at  19°,  and  the  vapours  of  boiling  alcohol  and  boiling  water 
successively.  The  mercury  in  the  left  limb  of  the  manometer  was 
adjusted  to  certain  definite  points  of  the  scale  between  0  and 
10  cm.,  and  the  difference  of  height  in  the  two  limbs  was  read. 
The  difference  of  pressure  with  change  of  volume  was  thus  deter- 
mined, the  temperature  of  the  exposed  tubes  and  manometer  being 
kept  constant  throughout  at  19°. 

From  three  such  determinations,  it  is  possible  to  calculate  the 
volume  of  gas  in  the  bulb  and  tube  ha,  and  in  the  connecting  tubes 
aO  at  19°  and  76  cm.  pressure,  and  also  the  total  volume  of  gas 
in  the  apparatus  in  terms  of  the  volume  of  1  cm.  length  of  the 
manometer  scale.     The  numbers  obtained  were: 

Bulb  and  immersed  tube   262  "6  cm.  x 

Connexions  to  zero  [wint  (0) 82"6   ,,  y 

Total  volume  364*0   ,,  M 

Volume  of  1  cm.  of  tube  (by  calibration)    ...         0  029  c.c. 

The  general  formula  used  in   calculation  is: 

where  .V  is  the  required  number  of  scale  divisions. 

The  difference  of  the  other  observed  readings  from  those  calculated 
from  the  above  data  did  not  exceed  2  or  3  millimetres,  showing 
that  the  manometer  was  of  sufficiently  even  bore,  also  that  no  gas 
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crystalline  phase.     The  identical  readings  may,  however,  often  be 
recovered,  with  sufficient  patience,  on  the  return  journey. 
The  followin^g  table  gives  a  typical  experiment : 

Number  of  dirisions. 


P. 

t". 

92-4 

100 

92-4 

131 

90-6 

143 

— 

158 

— 

160 

— 

161 

Calculated. 

D. 

10-0 

0  0 

24-2 

0-1 

89-4 

0-8 

45-0 

28-8 

45-9 

28-8 

46-2 

33-2 

Observed. 
10  0 
24-3 
38-6 

16  "6  (crystalline  liquid) 
17-1 
13  "0  (isotropic) 

It  was  found,  on  comparing  the  melting  and  transition  tem- 
peratures observed  with  those  given  by  other  experimenters,  that 
the  first  melting  point  was  too  high,  whilst  the  transition  point  was 
too  low,  the  same  numbers  being  obtained  in  the  absence  of  carbon 
dioxide.  It  was  therefore  necessary  to  prepare  and  purify  a  fresh 
sample,  that   first   used   being  presumably   impure. 

;;-Nitrophenetole  was  recrystallised  repeatedly  from  absolute 
alcohol,  and  then  heated  with  sodium  in  absolute  alcoholic  solution. 
It  was  found  that  the  best  yields  were  obtained  by  boiling  for  only 
about  a  quarter  of  an  hour  with  a  reflux  condenser,  longer  heating 
only  increasing  the  amount  of  dark-coloured  aldehydic  resin.  After 
cooling,  the  alcohol  was  decanted  and  the  residue  recrystallised 
some  twenty  times  from  absolute  alcohol.  The  azoxy-compound  is 
then  obtained  in  fine,  crystalline,  pale  yellow  plates.  The  final  yield 
is,  however,  small.  The  correct  melting  points,  1385°  and  168°, 
were  then  obtained.  Two  grams  were  taken,  and  the  absorption 
experiments  were  carried  out  as  before.  The  former  results  were 
completely  confirmed,  but,  owing  to  the  extension  of  the  crystalline 
liquid  phase,  more  readings  could  be  obtained. 

The  following  table  gives  the  results  of  one  series  of  measure- 
ments. 


The  equation  from  which  t 

le  calcul 

ited  values  y 

were  obtained 

was: 

239-4  X  ^^^ 
T 

+  77  + 

N  =  280-4. 

The  constant  pressure  was  88-5  cm. 

r.     State.                       JV  observed. 

N  calculated. 

Difference. 

134-0  (solid) 

310 

310 

0 

139-5 

34-8 

33-4 

-1-4 

145 -5  (crystalline  liquid) 

17-7 

35  8 

18-1 

1490                    „ 

19-6 

37-2 

17-6 

156-5 

22  5 

401 

17-6 

1600 

23  0 

41-4 

18-4 

164  5 

24-2 

43-0 

18-8 

166-5 

24-3 

43-8 

19-5 

166-5  (liquid) 

17-4 

43-8 

26-4 
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18-0 

44  2 

26  2 

1';9  0       ,, 

18-6 

14  7 

26  1 
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It  is  not  to  be  expected  that  the  liquid  crystalline  state  would 
show  the  same  impenetrability  to  gases  as  the  rigid  crystals,  and 
we  accordingly  find  considerable  absorption  in  that  phase.  Also,  it 
seems  very  probable  that  a  certain  amount  of  isotropic  mother 
liquor  may  be  present  throughout  the  range  of  temperature  in 
which  the  phase  persists.  This  should  not  occur  in  the  pure  state, 
as  the  triple  point  is  determined  by  a  single  temperature ;  the  effect 
is  probably  due  to  the  presence  of  the  second  component,  namely, 
carbon  dioxide,  in  solution.  The  melting  point  is  decidedly  less 
sharp  than  when  dissolved  gas  is  absent,  and  the  temperature 
required  is  several  degrees  higher.  Hulett  (Zeit.  physikal.  Cheni., 
1899,  28,  639)  has  shown  by  means  of  transition-point  curves  that, 
whereas  all  crystalline  liquids  are  completely  miscible,  other  sub- 
stances, whether  of  higher  or  lower  melting  points,  are  immiscible 
in  this  phase,  and  may  even  prevent  its  formation. 

In  connexion  with  experiments  on  surface-tensions  of  the  two 
phases,  Schenck  has  determined  the  density  curve  of  this  and  other 
similar  substances,  and  it  appears  that  in  the  case  of  y-azoxy- 
phenetole,  there  is  decided  expansion  on  passing  to  the  isotropic 
phase.  It  is  therefore  necessary  to  determine  how  far  this  fact 
may  account  for  the  increase  of  absorption.  The  volumes  of  2 
grams  were  calculated  from  the  densities  at  two  temperatures, 
respectively  above  and  below  the  transition  point.  The  results  are 
given  below,  together  with  the  actual  volumes  of  gas  absorbed  in 
100  c.c.  of  liquid,  taking  the  volume  of  each  centimetre  of  the 
manometer  tube  as  0"03  c.c. : 


Volume. 

Volume 

Absorbed 

i°. 

N absorbed. 

absorbed. 

of  liquid. 

in  100  c.c 

145-5 

18-1 

0-54 

1-824 

29-6  c.c. 

166-5 

26-4 

0-79 

1-866 

42-3    „ 

It  is  thus  evident  that  the  correction  introduced  is  quite 
inappreciable  on  the  scale  of  the  present  measurements,  and  the 
remarkable  increase  of  absorption  on  changing  from  the  crystalline 
to  the  isotropic  phase,  occurring  in  spite  of  the  considerable  rise 
of  temperature,  can  only  be  attributed  to  the  influence  of  the 
physical  state  of  the  solvent. 

Ukivkusity  College,  London. 
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CLVII. — The  Rate  of  Hydration  of  Acid  Anhydrides: 
Succinic,    Methylsuccinic,   Itaconic,    Maleic,    Citr- 
aconic,  and  Phthahc. 
By  Albert  Cherbury   David    Rivett  and    Nevil    Vincent 

SlDG\VICK. 

The  present  communication  is  an  extension  of  the  work  on  the 
rate  of  hydration  of  acetic  anhydride  (this  vol.,  p.  732)  to  a  series 
of  anhydrides  all  containing  the  five-atom  ring : 

-c— C^ 

The  method  adopted  was.  as  before,  to  measure  at  appropriate 
intervals  of  time  the  electrical  conductivity  of  a  changing  solution 
of  the  anhydride  in  water,  and  to  determine,  over  the  same  range 
of  concentrations,  the  conductivity  of  aqueous  solutions  of  the 
corresponditig  acid.  As  was  pointed  out  (loc.  cit.),  the  only  con- 
dition in  which  the  former  measurements  differ  from  the  latter 
is  in  the  presence  of  the  unchanged  anhydride,  whiqh  may  affect 
the  conductivity  by  its  influence  on  the  viscosity,  but  will  pre- 
sumably have  no  other  effect.  In  the  only  three  cases  where  this 
condition  need  be  considered,  we  have  assumed  that  the  conductivity 
is  inversely  proportional  to  the  viscosity,  and  further,  as  was  proved 
to  be  the  case  with  acetic  anhydride,  that  the  viscosity  of  a  solution 
of  the  anhydride  is  equal  to  that  of  an  equivalent  solution  of  the 
corresponding  acid.  Even  if  this  is  only  approximately  true,  the 
error  in  the  correction  introduced  will  be  slight. 

In  every  instance  we  have  redetermined  the  conductivities  of 
the  acids  dealt  with,  because  the  accuracy  of  the  velocity  figures  is 
greatly  increased  bv  making  these  measurements  under  as  nearly 
13  possible  the  same  conditions  as  those  obtaining  in  the  velocity 
experiments.  The  same  cells  were  therefore  used  for  both  purposes. 
The  accuracy  of  the  conductivity  measurements  is  in  all  cases  rather 
greater  than  is  actually  needed.  The  method  adopted,  of  successive 
dilutions  in  the  cell  (every  second  dilution  being  checked  by  weight 
titration  against  01  or  002.V-baryta),  is  not  the  one  which  would 
be  chosen  for  the  highest  accuracy,  especially  at  the  dilute  end  of 
a  series.  It  is,  however,  unlikely  that  the  error  of  measurement  is 
anywhere  greater  than  1  part  in  300,  except  perhaps  in  some  of 
the  most  dilute  solutions. 
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The  slight  modifications  in  the  method  of  working  necessary  in 
particular  cases  will  be  mentioned  under  the  respective  anhydrides. 
Unless  otherwise  stated,  the  substances  were  obtained  from 
Kahlbaum. 

Experimental. 

1.  Succinic  Anhydride. 

The  acid  was  purified  by  twice  recrystallising  from  water,  the 
anhydride  by  extraction  with  chloroform  in  a  Soxhlet  apparatus, 
and  crystallisation  from  this  solvent.  It  separates  in  long  needles, 
melting  at  119"5°  (uncorr.).  The  cell  used  was  about  160  c.c.  in 
volume,  with  the  electrodes  sealed  in;  120  c.c.  of  solution  were 
always  used.  In  the  case  of  acetic  anhydride,  which  is  liquid, 
solution  is  so  rapid  that  the  time  of  mixing  could  be  taken  as  the 
zero  of  the  reaction,  and  the  solution,  after  a  brief  period  of 
shaking,  could  be  poured  into  the  cell,  and  the  measurements  begun. 
Succinic  anhydride,  being  solid,  dissolves  much  more  slowly,  and 
the  following  modification  was  necessary.  A  known  weight  of  the 
anhydride  was  added  to  the  right  volume  of  water  in  a  Jena 
flask  (heated  in  the  bath  to  25°),  and  the  stop-watch  started.  The 
mixture  was  violently  shaken  in  the  bath  for  from  thirty-five  to 
sixty  seconds,  and  then  rapidly  drawn  over  by  suction  into  the 
cell,  passing  on  its  way  through  a  thick  and  closely  packed  filter 
of  glass  wool  to  retain  undissolved  particles.  After  shaking  round 
in  the  cell,  measurements  were  begun.  The  end-point  was  usually 
taken  about  two  hours  later.  For  the  calculation  it  was  necessary 
to  take  an  initial  time  more  definite  than  the  beginning  of  solution. 
The  first  six  or  eight  measurements  were  therefore  plotted  against 
the  time,  and  a  value  of  the  concentration  and  time  to  be  used  as 
the  starting  point,  and  to  be  subtracted  from  all  subsequent  values, 
was  obtained  by  interpolation.  This  time  was  usually  about  140 
seconds  from  the  addition  of  the  anhydride.  The  velocity  constant 
is  apparently  quite  independent  both  of  the  concentration  of  the 
anhydride  and  also  of  that  of  the  acid,  so  that  the  calculation  can 
be  begun  at  any  point. 

As  with  acetic  anhydride,  the  hydration  follows  the  uniinolecular 
law,  that  is,  the  rate  is  proportional  to  the  concentration  of  the 
anhydride,  that  of  the  water  being  relatively  constant  at  the 
dilutions  used.  But  whereas  with  acetic  anhydride  a  distinct 
though  small  variation  of  the  constant  with  concentration  was  found 
to  occur,  no  such  variation  was  observed  with  succinic,  nor  with 
any  of  the  cyclic  anhydrides  examined,  with  the  possible  exception 
of  methylsuccinic. 

Table  In  gives  the  specific  conductivity  of  solutions  of  succinic 
acid  at  25°;  16  the  densities  and  viscosities,  referred  to  water  at 
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25°  as  unity ;  Ic  gives  the  full  details  of  a  typical  velocity  experi- 
ment, and  Id  the  summary  of  all  the  experiments  performed.  In 
the  last  two  tables,  A  is  the  difference  between  the  concentration 
of  the  acid  after  the  change  is  complete  and  that  at  time  0;  it 
thus  represents  the  concentration  of  the  anhydride  (in  equivalent 
normality)  at  time  0;  t  is  the  time  in  seconds,  and  x  the  con- 
centration of  acid  produced  in  time  t.  k  is  calculated  from  the 
equation : 

i=i/,.iog-j4-. 

Table  I. 
(a)  Con-diictivity  of  Succinic  Acid  Solutions  at  25°. 


Speci 

fic  conductivity 

Specific  conductivity 

Normality 

xlOOO. 

Normality. 

X 1000. 

0-9813 

1-955 

006735 

0-5534 

0-8172 

1  -820 

0-05622 

0-5045 

0-6806 

1-687 

0-04694 

0-4597 

0-5676 

1  558 

0-03911 

0-4188 

0-4730 

1-438 

0-03260 

0-3809 

0-3944 

1-321 

0  02721 

0-3467 

0-3-285 

1-214 

0-02267 

0-3156 

02737 

1-113 

0  01987 

0-2946 

0-2279 

1-019 

001890 

0-2869 

0-2006 

0-9580 

0-01657 

0-2682 

0-1899 

0-9320 

0-01381 

0-2435 

0-1673 

0-8756 

0-009603 

0  2007 

0-1394 

0-8006 

0-006697 

0-1656 

0-1162 

0-7298 

0004676 

0-1364 

0-09696 

0-6661 

0003267 

0-1120 

0  08083 

0-6077 

0-002281 

0-0918 

(6)  Density  and 

Viscosity  of  S 

uccinic  Acid  Solutions  at  25°. 

Normality 

Density. 

Normality. 

Viscosity. 

0-9305 

1-0165 

0-9305 

1-1102 

0-5235 

1  -0093 

0  6979 

1  0815 

0  2-214 

1  -0040 

0-2951 

1  -0344 

009369 

1001 7 

0-1248 

1-0144 

003950 

1  -0007 

(c)  Experiment 

8.     A  =0-1665. 

I. 

X. 

k. 

t.                                X. 

*. 

8 

0-00343 

0001153 

257                0-0823 

0-001152 

29 

0  01 21 8 

1139 

279                0  0870 

1151 

37 

0-01531 

1139 

317                 00949 

1156 

59 

0-02414 

1156 

342                 0-1001 

1167 

SO 

0  031 34 

1134 

373                 01051 

1162 

;io 

003514 

1146 

419                 0-1121 

1159 

104 

0-03966 

1137 

462                 0-1184 

1167 

131 

0-0489 

1153 

523                 0-1253 

1160 

145 

0-0532 

1153 

589                 0-1326 

1174 

161 

0-0578 

11.50 

676                 0-1390 

1157 

181 

0-0636 

1155 

971                 0  1543 

1169 

213 

0-07-21 

1157 

1185                 0-1.593 

1151 

235 

0-0771 

1149 

Mean 

...     0001154 
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(d)  Summary  of  Velocity  Experim,ents. 


xpt. 

A. 

k. 

Expt. 

A. 

it:. 

1 

0  01113 

0-001148 

8 

0-1665 

0001154 

2 

0-02042 

1156 

9 

0-1873 

1162 

3 

0  03920 

1151 

10 

0-2746 

1146 

4 

0-05261 

1148 

11 

0-3145 

1168 

5 

0-08093 

1156 

12* 

0-1580 

1165 

6 

0-10833 

1152 

7 

0-1373 

1155 

Mean  . .  

.  0-001155 

*  In  this  experiment,  the  anhydride  was  dissolved  in  water  already  containing 
acid  of  normality  0-3805. 

2.  Metlvylsuccinic  Anhydride. 

This  anhydride  was  prepared  from  a  pure  sample  of  the  acid 
by  the  method  described  by  Perkin  (Trans.,  1888,  53,  564).  It 
consists  in  digesting  the  acid  with  acetyl  chloride  until  action 
ceases,  and  fractionally  distilling  the  product.  The  anhydride 
passed  over  within  one  degree,  and  was  readily  purified  by  re- 
distillation. Like  citraconic  anhydride,  it  has  a  slight  yellow  colour 
after  being  distilled.  It  gave  no  trace  of  a  precipitate  with  bilver 
nitrate.  The  method  of  working  was  the  same  as  with  acetic 
anhydride.  The  cell  had  a  volume  of  100  c.c,  and  80  c.c.  of 
solution  were  always  taken.  The  results  are  given  in  table  II,  in 
the  same  form  as  those  for  succinic  anhydride  in  table  I. 


Table  II. 
(a)  Conductivity  of  Methylsuccinic  Acid  Solutions  at  25°. 


Normality. 


-4309 
■3233 
•2427 
-1821 
•1367 
•1026 
-0770-2 


0  05782 


Specific  conductivity 
X  1000. 
1-540 
1-352 
1-183 
1-029 
0-8935 
0-7745 
0-6702 
0-5787 


Normality. 
0-4885 
0-3456 
01638 


Normality. 
0-04425 
0-03356 
0  02539 
0-01940 
001455 
0-01092 
0-00819 
0-00614 


(b)  Density  and  Viscosity. 


Density. 
1  -0079 
1-0056 
1-0026 


Specific  conductivity 
X  1000. 
0-4991 
0-4304 
0-3703 
0-3189 
0-2738 
0-2352 
0-2015 
0-1726 


Viscosity. 
1-076 
1  052 
1-024 
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(c)  Summary  of   Velocity  Experiments. 


xpt. 

A. 

k. 

Expt. 

A. 

k. 

13 

0-03624 

0-001658 

18 

01449 

0001599 

14 

0  05779 

1666 

19 

0-1778 

1570 

15 

006973 

1636 

20 

0-2330 

1580 

16 

0  09953 

160-2 

21 

0-2755 

1573 

17 

0-1210 

1597 

Mean  

.  0  001609 

3.  Itaconic  Anhydride. 

The  acid  and  its  anhydride  were  purified  in  the  same  way  as 
succinic.  Itaconic  anhydride  forms  crystals  which  dissolve  very 
rapidly  in  water.  The  stronger  solutions  were  made  in  the  way 
described  under  succinic  anhydride,  and  the  more  dilute  by  simply 
placing  an  approximately  known  weight  of  the  solid  on  a  firm  glass 
wool  filter,  and  sucking  the  required  amount  of  water  through  it 
directly  into  the  cell.  The  initial  point  for  the  calculation  was 
obtained  by  interpolation.     The  results  are  given  in  table  III. 


Table  III. 


Conductivity  of  Itaconic  Acid 
at  25='. 


Normality. 
0-3870 
0-2904 
0-2179 
0-1636 
0-1227 
0  09208 
0  QtiOH 

0o;iii25 
o-o-_".-ii;3 
oorj.^.9 
0-01 7-JO 
0  01-294 
0  00!»726 
0  007:i2G 
0  0o.'.515 
0004136 


Specific  conductivity 
xlOOO. 


-946 

-705 

•487 

•292 

•1-20 

-9686 

8366 

■7208 

-6207 

■5338 

-4587 

-3934 

•3375 

-2883 

-2462 

-2099 

•1785 


(6)  Density  and  Viscosity. 


Normality. 
0-3433 
0-2689 
0-1484 


Density. 
1-0064 
10050 
10028 


Viscosity. 
1-049 
1-038 
1-022 


(c)  Summary  of  Velocity  Constants. 


xpt. 

A. 

k. 

23 

001561 

0  001283 

24 

0  02034 

13-20 

25 

0-02561 

1305 

26 

0-04669 

1288 

27 

0-07185 

1273 

28 

0-07955 

1264 

29 

0-09587 

1303 

30 

0-1371 

1311 

31 

0-1793 

1311 

32 

0-2269 

1283 

Mean  

©•001294 

4.  Maleic   Anhydride. 

The  anhydride  was  purified  by  sublimation  in  a  vacuum,  and 
the  acid  solutions  required  were  made  up  directly  from  this.  The 
Wbatance  dissolves  fairly  rapidly,  but  is  very  quickly  hydrated; 
•■  »  rule,  the  change  was  found  to  be  practically  complete  about 
two  and  a-half  minutes  after  the  making  of  the  solution  was  begun. 
Hence  the  measurements  must  be  made  as  quickly  as  possible,  and 
the  accuracy  is  reduced. 
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The  solutions  were  all  obtained  by  sucking  water  into  the  cell 
over  a  layer  of  anhydride  on  a  glass  wool  filter.  It  was,  of  course, 
impossible  to  obtain  strong  solutions,  and  no  correction  for  viscosity 
was  necessary.  An  approximate  initial  time  was  taken  when  half 
the  water  had  been  drawn  into  the  cell,  but  for  the  calculation  a 
zero  time,  usually  about  forty  seconds  later  than  this,  was  arrived 
at  by  interpolation.     Tlie  results  are  given  in  table  IV. 


Table  IV. 

(a)  C 07iductivity 

of 

Maleic  A  cid. 

Specific  conducti\ 

ity 

Specific  conductivity 

Normality.                    x  1000. 

Normality. 

X  1000. 

0 

06031 

5-503 

0 

•009386 

1-366 

0 

04525 

4-515 

0 

•007055 

1-075 

0 

•03930 

4-098 

0 

•005334 

0-8396 

0 

03394 

3-687 

0 

•004021 

0  6521 

0 

02949 

3-330 

0 

■003042 

0-5032 

0 

02213 

2-695 

0 

■002304 

0-3865 

0 

01664 

2-186 

0 

•001728 

0-2954 

0 

01250 

1-724 

0 

•00]  296 

0-2252 

(Ij)  Experiment 

37. 

A  = 

=  0-00353. 

t. 

X.                     Jc. 

t. 

X. 

k. 

6 

0-00054           0-0120 

57 

0-00277 

0-0117 

9 

0-00082                 116 

66 

0  00293 

117 

14 

0-00105                 110 

76 

0^00307 

116 

18 

0-00133                 114 

87 

000317 

114 

23 

0-00160                 114 

99 

0-00326 

113 

28 

0-00189                 119 

114 

0-00334 

111 

35 

0-00217                 118 

153 

0-00347 

116 

42 

0  00235                 113 

49 

000259                 117 

Mean  

.     00115 

• 
(c)  Summary 

of  V 

'elocity 

Constants. 

Expt. 

A.                  k. 

Expt. 

A. 

k. 

33 

0-000985           0-0114 

38 

0-00649 

0  0106 

34 

0-001771                122 

39 

0-01094 

110 

35 

0-001537                113 

40 

001961 

118 

36 
87 

0-002999                119 
0-00353                  115 

Mean  

..     00115 

5.  Gitraconic  Anhydride. 

The  anhydride  was  purified  by  distillation.  It  has  a  slight  yellow 
colour.  The  acid  solutions  were  made  up  from  this.  The  method 
of  work  was  the  same  as  with  acetic  and  metliylsuccinic  anhydrides. 
The  range  of  concentration  employed  was  much  the  same  as  with 
maleic  anhydride,  and  no  correction  for  viscosity  was  necessary. 
The  results  are  given  in  table  V. 
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42 

43 

■L       44 

mt    45 

I 


Table  V. 

(a)  Conductivity  of  Citraconic  Acid. 

Specific  conductivity 

Specific  condnctivitj" 

Normality. 

X 1000. 

Normality.                    x  1000. 

0-10268 

4-476 

0-01376                        1-275 

0  076S3 

3-787 

0-01034                        1-045 

0  05763 

3189 

0-007775                      0-8506 

0-04326 

2-679 

0-00581S                       0-6882 

0-03245 

2-240 

0-004358                       0-55-27 

0  02436 

1  868 

0-003269                       0-4405 

001833 

1-547 

0-00-2452                       0-3485 

(&)  Summary  of  Velocities. 


A. 

k. 

Expt. 

A. 

/.-. 

0  004305 

0  00761 

47 

0  05005 

0-00761 

0  006634 

771 

48 

006100 

776 

0-01407 

769 

49 

0-07504 

758 

0-0'2074 

777 

50 

0  08287 

761 

0-03093 

758 

0-03682 

761 

Mean 

.     0  00765 

6.  Phthalic  Anhydride. 


The  acid  was  recrystallised  twice  from  water,  and  the  anhydride 
ice  from  xylene.  The  method  of  working,  and  of  determining 
the  initial  point  for  the  calculation,  was  that  adopted  for  succinic 
anhydride,  but  owing  to  the  small  solubility  of  both  acid  and 
anhydride,  the  concentrations  examined  are  all  low,  although  the 
relative  range  is  considerable.  No  viscosity  correction  is  necessary. 
Table  VI  gives  the  results  obtained. 


Table  VI 

{a)  Conductivity 

of  Phthalic  Acid 

at  25°. 

Specific  conductivity 

Specif 

ic  conductivity 

ormality. 

X  1000. 

Normality. 

X 1000. 

0  05506 

1-954 

0-008946 

0-6656 

0  04587 

1-763 

0-007474 

05917 

0  0381 9 

1-592 

0-006228 

0-5268 

0-03181 

1  -437 

0  004955 

0-4427 

0-02652 

1  -293 

0  004149 

0  3913 

0  0-2210 

1159 

0  003486 

0-3460 

0  01 84 3 

1042 

0  002427 

0-2661 

001539 

0-934 

0-001686 

0-2037 

0  01-28:5 

0  8358 

0  001188 

0-1530 

0-01071 

0  7469 

0-0008-25 

0  1145 
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(6)  Summary  of   Velocities. 


Expt. 

A. 

Jc. 

Expt. 

A. 

k. 

51 

0-000650 

0-00470 

56 

0-002145 

0-00455 

52 

0001048 

470 

57 

0-00348 

454 

53 

0-001320 

466 

58* 

0-00382 

454 

54 

0-001855 

469 

55 

0-002120 

466 

Mean 

0-00461 

*   In  tliis  experiment,  the  anhydride  was  dissolved  in  water  already  containing 
acid  of  normality  0-02754. 

Discussion  of  Results. 

The  mean  velocity  constants  for  the  hydration  of  this  series  of 

anhydrides    are    given  in    the  following  table,   together    with    the 

dissociation  constants  of  the  corresponding  acids. 

Dissociation 
Velocity  constant.  constant  of  acid. 


Anhydride. 

[Acetic    

Succinic 

Methylsnccinic 

Itaeonic  (methylenesuccinic) 

Maleic    

Citraconic  (niethyhnaleic)  ... 
Phthalic     


Absolute.         Relative.      Absolute. 


0-001148 

0-001155 

0-001609 

0-001294 

00115 

0-00765 

000461 


0-99] 
1  00 

1-39 
1-12 
9-96 
6-62 
399 


0  0066 

0-0086 

0-012 

1-2 

0-34 

0-121 


Relative. 

100 

1-30 
1  82 
182-0 

51-5 

18-3 


The  mean  value  for  acetic  anhydride,  over  the  range  of  concen- 
trations covered  by  the  succinic  experiments,  has  been  added  for 
comparison;  the  individual  values  vary  from  0'001192  to  0'001075. 

It  is  to  be  noticed,  in  the  first  place,  that  in  none  of  the  cases 
examined  is  there  any  evidence  of  a  catalytic  influence  of  hydrogen 
ion ;  and  it  seems  clear  that  the  mechanism  of  the  hydration  of  an 
acid  anhydride  is  quite  different  from  that  of  the  hydrolysis  of  an 
ester  or  an  amide. 

Further,  it  is  remarkable  that  in  the  cyclic  anhydrides  no 
dependence  of  the  velocity  constant  on  the  concentration,  such  as 
was  observed  in  acetic  anhydride,  was  detected,  except  possibly  in 
methylsnccinic  anhydride,  althovigh  even  here  the  effect  was  very 
slight. 

The  close  agreement  between  the  constants  for  acetic  and  succinic 
anhydrides  affords  a  good  ilhistration  of  Baeyer's  strain  theory : 
the  ring  of  four  carbon  atoms  and  one  oxygen  having  practically 
no  strain,  and  resembling  most  nearly  an  open-chain  compound. 
In  maleic  anhydride,  where  there  is  a  full  double  link,  and  indeed, 
according  to  Tiiiele,  two  conjugate  links  as  .well, 

II         >, 
—   \^0 
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the  constant  is  increased  ten  times ;  in  phthalic  there  is  the  peculiar 
benzene  link,  which,  whatever  may  be  its  precise  nature,  is  inter- 
mediate in  character  between  a  single  and  a  double  link,  and  this 
increases  the  constant  four  times.  In  itaconic  there  is,  on  Thiele's 
theory,  a  conjugate  link  in  the  ring, 

CH,=C — Cf 

and  this  causes  a  slight  rise  in  the  constant. 

The  influence  of  a  methyl  group,  however,  is  quite  anomalous. 
Its  introduction  lowers  the  constant  of  maleic  anhydride  by  a 
third,  while  it  raises  that  of  succinic  by  about  two-fifths.  It  is 
noteworthy  that  the  effect  of  the  methyl  on  the  dissociation  con- 
stants of  the  corresponding  acids  is  likewise  in  the  opposite  direction 
in  these  two  cases;  in  fact,  in  general  the  order  of  the  dissociation 
constants  of  these  acids  is  the  same  as  that  of  the  hydration  con- 
stants of  their  anhydrides,  except  in  the  case  of  methylsuccinic 
and  itaconic,  where,  moreover,  the  differences  are  not  large.  It  is 
evident  that  with  these  substances  the  same  changes  of  structure, 
and  especially  the  introduction  of  double  links,  tend  to  increase 
both  of  these  constants,  though  how  far  this  regularity  may  be 
general,  and  how  far  stereochemical  influences  (which  would  pre- 
sumably affect  the  hydration  rather  than  the  ionisation,  and  may 
possibly  account  for  the  exceptional  position  of  methylsuccinic 
anhydride)  may  come  into  play,  is  a  question  which  cannot  be 
discussed  until  a  wider  range  of  anhydrides  has  been  examined. 

The  considerable  diminution  of  the  hydration  constant  of  maleic 
anhydride  caused  by  the  introduction  of  a  methyl  group  is  of 
interest  in  view  of  the  singular  behaviour  of  dimethylmaleic 
anhydride.  This  anhydride  is  formed  spontaneously  from  the  acid, 
which,  in  fact,  cannot  be  isolated.  It  has  been  shown  by  Walden 
{Zeitscfi.  fhysikal.  Ghem.,  1891,  8,  498)  that  an  aqueous  solution 
of  dimethylmaleic  anhydride  (and  similarly  of  methylethylmaleic 
anhydride)  can  only  contain  a  comparatively  small  amount  of  the 
corresponding  acid,  since  conductivity  measurements  indicate  an 
abnormally  low  dissociation  constant,  and  the  solution  can  only  be 
slowly  titrated  with  alkali.  The  arguments  by  which  Walden  seeks 
to  prove  that  the  rest  is  not  present  as  anhydride  are  of  no  g^eat 
force,  and  we  may  assume  that  with  these  two  substances  the 
hydration  is  reversible,  and  that  at  equilibrium  there  is  present  a 
large  proportion  of  anhydride  and  a  small  proportion  of  acid.  It 
18  conceivable  that  the  reaction  may  also  be  reversible  with  some 
VOL.  xcvii  5  s 
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of  the  substances  which  we  have  examined.  We  did  not  observe  in 
any  case  a  difficulty  in  the  titrations,  but  this  might  well  be 
imperceptible  if  the  amount  of  anhydride  were  small.  If  the 
reverse  action  (acid  ->-  anhydride)  is  also  unimolecular,  and  its 
velocity  is  k^  (that  of  the  direct  action  being  k),  it  can  easily  be 
shown  that  the  substance  will  give  an  apparent  dissociation  constant 
independent  of  the  dilution,  but  that  this  will  be  less  than  the 
real  dissociation  constant  in  the  ratio  1:  (l  +  ki/k).  In  the  same 
way,  the  apparent  hydration  constant  will  also  be  independent  of 
the  dilution,  but  instead  of  being,  as  we  have  assumed,  the  true 
hydration  constant  k,  will  be  the  sum  of  the  two,  ^  +  ^1.  Thus, 
the  effect  of  the  reverse  action  being  appreciable  would  be  to 
make  the  apparent  value  of  the  dissociation  constant  too  low  (as  it 
does  with  dimethylmaleic  anhydride),  and  that  of  the  hydration 
constant  too  high.  It  therefore  could  not  possibly  explain  the 
anomalous  effect  of  the  methyl  group,  which  influences  both 
constants  in  the  same  way.  In  any  case,  the  amount  of  the  reverse 
action  with  the  bodies  which  we  have  examined  must  be  small,  or 
it  would  have  shown  itself  in  the  absence  of  a  sharp  end-point  to 
the  titrations. 

Daubeny  Labokatoky, 

Magdalen  College, 

Oxford. 


CLVIII. — a^-Dibeihzylartiino'propionic  Acid  and  1  :  7-Di- 
henzyltetrahydrouric  A  cid. 

By  Edwakd  Percy  Frankland. 

The  present  paper  describes  the  synthesis  of  1 :  7-dibenzyltctra- 
hydrouric  acid  (IV)  on  the  lines  followed  by  the  author  in  the 
recent  synthesis  of  tetrahydrouric  acid  from  a)8-diaminopropionic 
acid  (this  vol.,  p.  1316),  namely,  by  the  addition  of  cyanic  acid  to 
the  substituted  amino-groups,  followed  by  condensation  by  means 
of  hydrochloric  acid. 

The  new  dibenzyltetrahydrouric  acid  is  of  interest  in  view  of  the 
fact  that  Tafcl,  the  discoverer  of  tetrahydrouric  acid,  was  unable 
to  produce  substituted  tetrahydrouric  acids  by  the  electrolytic 
reduction  of  the  methyluric  acids,  and  that  consequently  substances 
of  this  class  appear  to  be  accessible  only  from  the  synthetic  side. 

Starting  from  the  hitherto  unknown  a)3-dibeuzylaminopropionic 
acid  (I),  it  was  found  possible  to  isolate  several  intermediate  com- 
pounds   before    dibenzyltetrahydrouric    acid   (IV)    was    produced, 
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CH^Ph'NH-CHa  CHaPh-NH-CH^ 

CH-NH-CH^Ph  CH-N(CH2Ph)>v^Q 

6O2H  CO^H        NH2 

(I.)  (II.) 

CHoPh-NH-CHg  CUgPli-N CHg 

CH-N(CH2PhK^Q                 CO      CH-N(CH2PhW(,Q 
CO NH  NHo    CO NH^ 

(III.)  "    (IV.) 

whereas  in  the  case  of  the  synthesis  of  tetrahydrouric  acid  from 
a)3-diaminopropionic  acid,  no  such  analogous  substances  could  be 
obtained,  serving  to  illustrate  the  course  of  the  reaction. 

In  the  present  case,  the  difference  in  chemical  behaviour  between 
•  ho  a-  and  the  )8-benzylamino-groups  is  strikingly  shown,  only  one 
roup  reacting  with  potassium  cyanate  even  in  presence  of  excess 
if  the  reagent.  This  fact  suggests  that  one  or  other  of  the  iraino- 
.roups  is  shielded  either  by  steric  obstruction  or  by  combination 
•vith  the  free  carboxyl  group,  forming  an  internal  salt.  Jvidging 
from  the  action  of  nitrous  acid  on  the  aj8-diamino-acid,  in  which 
case  the  )3-group  appears  to  be  indifferent  to  the  reagent,  in  the 
present  instance  it  seems  most  likely  that  the  cyanic  acid  attaches 
itself  to  the  o-group.  Thus,  for  the  compounds  described  below, 
it  has  been  decided  to  omit  the  alternative  formulse  based  on  the 
primary  addition  of  cyanic  acid  to  the  /3-benzylamino-group. 
Furtlier  investigations  are,  however,  being  carried  out  with  the 
view  of  testing  the  above  hypothesis. 

o^-Dibenzylaminopropionic  acid  was  prepared  by  the  action  of 
benzylamine  on  o/3-dibromopropionic  acid  in  chloroform  solution ; 
it  is  capable  of  uniting  with  two  molecules  of  hydrochloric  acid  to 
form  a  salt.  As  was  shown  by  Tafel  and  Frankland  {Ber.,  1909. 
42,  3138)  in  the  case  of  )8-amino-a-methylaminopropionic  acid  and 
a^  dimethylaminopropionic  acid  dihydrochlorides,  hydrogen  chloride 
13  readily  eliminated  in  aqueous  solution,  probably  with  formation 
of  an  internal  salt  between  one  of  the  benzylamino-groups  and  the 
carboxyl. 

When  a  hot  aqueous  solution  of  dibenzylaminopropionic  acid 
was  treated  with  potassium  cyanate  (2  molecules)  and  hydrochloric 
acid,  it  yielded  &-henzijlainino-a-henzylcarhamido2)roinonic  acid  (II). 
which,  on  warming  with  25  per  cent,  hydrochloric  acid,  was  con- 
verted into  $-benzt/l-y-Wnzj/laminomet7ii/lhi/dantoin  hydrochloride. 
The  principal  product  of  the  action  of  potassium  cyanate  on  this 
substance  was  the  free  ^-henzyl-y-hcnzi/laminomethi/lhydantoin 
(111),  but  by  tlie  long-continued  action  of  potassium  cyanato  and 
hydrochloric  acid  in  aqueous  methyl  alcohol  this  compound  could 
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be  made  to  yield  the  urea  derivative,  1:  1-dihenzyltetrahydrouric 
acid  (IV). 

•    Experimental. 
afi-Dib  enzylamino'pro'pionic  A  cid. 

7'5  Grams  of  a^-dibromopropionic  acid  were  dissolved  in  a 
solution  of  14  grams  of  benzylamine  in  chloroform,  and  the  mixture 
was  heated  to  boiling  under  reflux.  After  about  fifteen  minutes, 
a  crystalline  precipitate  was  deposited,  which,  after  being  collected, 
washed  with  chloroform,  and  dried,  weighed  4"6  grams.  This  sub- 
stance proved  to  be  benzylamine  hydrobromide  (m.  p.  215°  after 
recrystallisation  from  water).  The  reaction  mixture  was  heated  on 
the  water-bath  until  no  further  precipitation  occurred;  the  chloro- 
form was  then  distilled  off,  and  the  brown,  oily  residue  heated  in 
the  water-bath  for  half  an  hour  longer.  It  was  then  extracted 
with  ether,  and  the  residue  dissolved  in  a  mixture  of  boiling  ethyl 
and  methyl  alcohol ;  the  solution  was  concentrated  and  precipitated 
with  ether.  The  precipitate  of  dibenzylaminopropionic  acid  was 
washed  with  alcohol  and  ether,  recrystallised  from  boiling  water, 
washed  again  with  alcohol  and  ether,  and,  after  drying  in  the 
steam-oven,  weighed  3'2  grams.  By  concentrating  the  mother 
liquors  (which  contained  a  quantity  of  benzylamine  hydrobromide), 
0*5  gram  of  crude  dibenzylaminopropionic  acid  was  obtained. 

The  substance  dissolved  fairly  easily  in  boiling  water,  and 
separated  from  the  cooled  solution  in  large,  crystalline  aggregates; 
it  was  very  sparingly  soluble  in  cold  water  (1 :  898  at  14°),  the 
solution  showing  an  alkaline  reaction  to  litmus,  readily  soluble  in 
warm  methyl  alcohol,  sparingly  so  in  absolute  ethyl  alcohol,  and 
almost  insoluble  in  ether.  It  formed  rhomboidal  plates  from  methyl 
alcohol,  melting  and  decomposing  at  181 — 184°: 

0-2978  gave  0-7791  COg  and  0*1920  HoO.     C  =  71-35 ;  H  =  7-19. 
0-1274     „  11-4  c.c.  No  at  18°  and  7397  mm.     N  =  10*05. 
C17H20O2N2  requires  ^C  =  71 -83;  H  =  7-04;  N  =  9-86  per  cent. 

A  portion  of  the  dibenzylaminopropionic  acid  was  dissolved  in 
warm  aqueous  hydrochloric  acid.  After  concentration  on  the 
water-bath  the  solution  deposited,  on  cooling,  a  white,  crystalline 
substance,  which  was  collected,  washed  with  dilute  hydrochloric 
acid,  alcohol,  and  ether,  and  was  dried  in  a  vacuum  desiccator. 
The  substance  decomposed  with  blackening  and  evolution  of  gas  at 
187°.  It  was  soluble  in  water,  the  solution  showing  an  acid  reaction 
to  litmus,  soluble  in  alcohol,  and  insoluble  in  ether.  A  hydro- 
chloric acid  estimation  showed  this  compound  to  bo  afi-dibenzpl- 
aminoyro'pionic  acid  dihydro chloride  : 
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01987  gave  01595  AgCl.     CI  =  19-86. 

CnHaoOoNojSHCl  requires  CI  ==19-89  per  cent. 

A  specimen  recrystallised  from  water  gave  CI  =  17-09,  showing 
that  solutions  of  the  dihydrochloride  are  stable  only  in  presence 
of  an  excess  of  hydrochloric  acid. 


1:  1-Dibenzyltetrahydrouric  Acid. 

Three  grams  of  dibenzylaminopropionic  acid  were  dissolved  in 
hot  water  and  treated  with  2-4  grams  of  potassium  cyanate.  After 
cooling,  3-6  grams  of  concentrated  hydrochloric  acid  were  added 
to  the  solution,  giving  rise  to  a  slight  effervescence.  The  solution 
was  then  concentrated  on  the  water-bath,  and  after  some  time  a 
crystalline  precipitate  was  slowly  deposited  in  white  ^flakes.  It  was 
collected,  washed  with  water,  then  with  a  little  absolute  alcohol, 
and  finally  with  ether.  After  drying  in  the  steam-oven,  it  weighed 
2-4  grams.  It  crystallises  from  alcohol  in  spherical  aggregates  of 
small  prisms,  melting  and  decomposing  at  200 — 201°,  which  are 
very  sparingly  soluble  in  water,  soluble  in  alcohol,  and  insoluble 
in  ether: 

00450  gave  54-79  c.c.  CO.,  at  N.T.P.  and  475  c.c.  No  at  N.T.P.* 

C  =  65-47;  N  =  13-24." 
00821  gave  95  c.c.  No  at  20°  and  7528  mm.     N  =  13-11. 
C1SH01O3N3  requires  C  =  66-05;  N  =  12-84  per  cent. 

^-Benzylamino-a-henzylcarhamidopro'pionic  acid  (II)  was  also 
obtained  by  treating  an  aqueous  solution  of  dibenzylaminopropionic 
acid  dihydrochloride  with  potassium  cyanate,  but  a  less  pure  product 
was  obtained,  and  the  yield  was  considerably  smaller  than  that 
furnished  by  the  method  described  above.  A  solution  of  2  grams 
of  this  compound  in  about  20  c.c.  of  25  per  cent,  hjrdrochloric  acid 
was  heated  on  the  water-bath,  whereupon  a  crystalline  precipitate 
separated  out,  which  was  collected,  washed  with  concentrated  hydro- 
chloric acid,  then  with  a  little  absolute  alcohol,  and  finally  with 
ether.  After  drying  in  the  steam-oven,  it  weighfid  195  grams. 
The^  mother  liquor  yielded  a  further  quantity  of  the  substance 
(015  gram). 

^-Jir»:yl.y.hfnzylami7}omethylhydantoin  hydrochloride  crystallises 
in  stellate  groupings  of  prisms,  melting  without  noticeable  decom- 
position at  224°.  It  is  sparingly  soluble  in  water,  the  solution 
showing  an  acid  reaction  to  litmus,  more  easily  soluble  in  methyl 
than  in  ethyl  alcohol,  and  insoluble  in  ether: 

Carbon  and  nitrogen  combostion  in  a  vacuqm. 
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0-1331  gave  14-7  c.c.  Ng  at  21°  and  742  mm.     N  =  12-27. 
0-2779     „      0-1166  AgCl.     Cl  =  10-38. 

CigHigOgNg^Cl  requires  N  =  12-16;  CI  =  10-27  per  cent. 

1-5  Grams  of  this  hydantoin  hydrochloride  were  dissolved  in 
aqueous  methyl  alcohol,  and  treated  with  a  strong  aqueous  solution 
of  0-45  gram  of  potassium  cyan  ate.  An  oily  precipitate  was  deposited, 
wliich  after  some  time  set  to  a  crystalline  mass.  This  was  collected, 
washed  with  alcohol  and  ether,  and  dried  in  the  steam-oven.  A 
further  quantity  was  isolated  from  the  mother  liquor  and  washings, 
the  total  weight  obtained  being  I '33  grams.  Melting  point 
178—180°. 

The  substance  was  boiled  with  a  mixture  of  ethyl  and  methyl 
alcohol,  when  a  part  (0-3  gram)  remained  undissolved  and  melted 
and  decomposed  at  195 — 196°. 

The  solution,  on  concentration,  yielded  a  crystalline  substance 
(0-25  gram),  which  was  collected  and  washed  with  alcohol  and 
ether.  After  two  recrystallisations  from  methyl  alcohol  and  drying 
in  a  vacuum  desiccator,  it  melted  at  112 — 115°. 

fi-B enzyl-y-h enzylaminomethylhydantoin  (III)  forms  long,  needle- 
shaped  crystals,  sparingly  soluble  in  water,  but  soluble  in  alcohol 
or  ether.  For  analysis,  it  was  recrystallised  from  ether  to  remove 
the  last   traces    of    a   substance  of   high   melting  point : 

0-1292  gave  15-9  c.c.  No  at  20°  and  739*5  mm.     N  =  13-69. 
CigHjgOgNg  requires  N  =  13-59  per  cent. 

Treatment  with  hydrochloric  acid  yielded  the  hydantoin  hydro- 
chloride described  above. 

In  a  second  experiment  2-5  grams  of  the  hydrochloride  were 
treated  with  a  warm  solution  of  0*4  gram  of  potassium  hydroxide, 
whereby  a  colourless  oil  was  deposited,  solidifying  on  cooling. 
This  was  doubtless  the  free  base  described  above.  A  mixture  of 
ethyl  and  methyl  alcohol  was  added,  and  the  solution  was  heated 
until  the  precipitate  had  redissolved.  A  methyl-alcoholic  solution 
of  0-7  gram  of  potassium  cyanate  was  then  added.  On  cooling,  a 
precipitate  of  long  needles  appeared,  which  was  evidently  the 
unattacked  hydantoin.  The  mixture  was  consequently  warmed 
again,  and  a  second  portion  of  0*7  gram  of  potassium  cyanate 
added,  followed  by  1-9  grams  of  concentrated  hydrochloric  acid. 
On  cooling,  a  gummy  substance  separated  out,  with  a  mass  of  fine, 
needle-shaped  crystals.  On  heating  the  mixture,  the  crystals  re- 
dissolved  in  the  solution,  which  was  poured  off  from  the  gum,  and 
the  latter  extracted  with  ether.  The  ethereal  extract  was 
evaporated,  and  the  residue  returned  to  the  mother  liquor;  the 
undissolved  portion  corresponded  with  the  substance  of  high  melting 
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point  obtained  in  the  first  experiment  and  melted  and  decomposed 
at  189—190°. 

This  process  was  repeated  five  times,  0*7  gram  of  potassium 
cyanate  being  added  on  each  occasion,  the  solution  boiled  for  a 
time,  then  cooled,  and  treated  with  0'9 — I'O  gram  of  concentrated 
hydrochloric  acid.  The  resulting  precipitate  was  extracted  with 
ether  as  above  described,  and  the  portions  insoluble  in  ether  were 
collected  and  tested  separately.  The  melting  points  obtained  varied 
from  173°  to  179°.  The  total  yield  of  substance  insoluble  in  ether 
amounted  to  1"8  grams. 

This  product  was  boiled  with  a  large  volume  of  methyl  alcohol 
under  a  reflux  condenser  until  all  but  a  small  residue  had  dissolved. 
The  solution  was  then  filtered  hot  and  concentrated  to  a  small 
bulk.  A  pure  white  substance  crystallised  out,  which  was  collected, 
washed  wdth  ether,  and  dried  in  the  steam-oven.  It  formed 
aggregates  of  small,  prismatic  crystals,  melting  at  177 — 178°, 
which  were  very  sparingly  soluble  in  water,  sparingly  soluble  in 
methyl  alcohol,   and  insoluble  in  ether. 

The  results  of  analysis  agreed  with  the  composition  of  the  expected 
1 :  l-dibenzyltetrahydrouric  acid  (IV)  : 

00490  gave  5898  c.c.  COg  at  N.T.P.  and  623  c.c.  Ng  at  N.T.P  • 

C  =  64-71;  N  =  15-95. 
00996  gave  14-3  c.c.  No  at  23°  and  747  mm.     N  =  15-90. 
C19H20O3N4  requires  0  =  6477;  N  =  15-91  per  cent. 

Chemical  Depaktment, 
The  Univeksitv,  Edgbaston, 

BiBMIXGUAM. 


i  I.XXiX. — Tlie  Colour  and  Constitution  of  Diazoniuni 
Salts.  Fart  II.  Diazo-deri  cat  ices  of  wr^-B^'uzoitl- 
ethyl-l  :  ^-naphtliylenediamine. 

By  GiLBEBT  T.  Morgan  and  Edward  Gordon  Couzens,  B.Sc, 

A.R.C.S. 

In  a  previous  communication  on  diazonium  salts  it  was  shown  that 
l)onzoyl-l :  4-naphthylenediamine  (I)  gives  rise  to  a  series  of 
rtraarkably  stable   diazonium   derivatives   (II),  which  are  all  dis- 

Carbon  and  nitrogen  combustion  in  a  vacuam. 
VOL.    XCVII.  5  X 
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tiactly  coloured,  usually  in  various  shades  of  yellow  (Morgan  and 
Wootton,  Trans.,  1907,  91,  1311) : 

NH-CO-CeHj  NH-CO-CgHg 


(II.)  Coloured  salts. 

Inasmuch  as  colour  and  stability  are  not  generally  associated  in 
diazonium  salts  (Hantzsch,  Ber.,  1900,  33,  2183;  1901,  34,  4168), 
it  was  suggested  that  the  concurrence  of  these  properties  in  the 
diazo-derivatives  of  benzoyl-1 :  4-naphthyienedianiine  indicated  a 
departure  from  the  ordinary  diazonium  configuration.  This  view 
of  the  constitution  of  these  salts  is  quite  justifiable,  because  benzoyl- 
1 :  4-naphthylenediamine  certainly  contains  one  labile  hydrogen 
atom  (*)  which  might  migrate  to  the  diazonium  complex. 

With  the  object  of  ascertaining  whether  this  assumed  migration 
of  hydrogen  is  the  cause  of  the  stability  and  intense  colour  of 
benzoyl-4-aminonaphthalene-l-diazonium  chloride  and  its  analogues 
(II),  the  base  as-b enzoi/lethyl-l  :  ^-na-phthylenediamine  (III)  and 
its  diazonium  salts  (IV)  were  prepared  and  examined  from  this 
point  of  view :     . 

N(C2H,)-CO-CeH5  N(C2H,)-CO-CeH5 


(III.)  (IV.)  Coloured  salts. 

These  experiments  showed  that  even  when  the  labile  hydrogen 
of  benzoyl-1 :  4-naphthylenediamine  is  replaced  by  ethyl,  the 
diazonium  salts  (IV)  of  the  new  base  (III)  are  fairly  stable,  and 
retain  their  intense  yellow  colour  even  in  dilute  aqueous  solution. 

The  observations  recorded  in  the  present  communication  should 
be  compared  with  the  evidence  already  obtained  from  a  com- 
parative study  of  similarly  constituted  salts  in  the  diphenyl  and 
benzene  series. 

In  the  former  series,  the  bases  having  the  general  formula  (V) 
give  rise  to  stable  coloured  diazonium  salts  (VI),  whether  the 
symbol  Y  represents  a  hydrogen  atom  or  an  alkyl  group : 

RSOg-NY       NH,  RSOo-NY      N.X 


(V.)  (VI.)  Yellow  «nd  orange  salts. 
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A  slight  colour  difference  is  noticeable  in  this  series,  the  diazonium 
salts  (VI),  when  Y  is  an  alkyl  group,  being  distinctly  paler  in  tint 
than  those  in  -.vhich  Y  is  a  hydrogen  atom  (Trans.,  1907,  91,  1505; 
1908,  93,  614). 

In  the  latter  series  both  benzoyl-^J-phenylenediamine  and  its 
as-alkyl  derivatives  (VII)  give  rise  to  colourless  diazonium  salts 
(VIII)  possessed  of  considerable  stability  (Trans.,  1909,  95,  1319) : 

CeHj-CO-NY  C.Hj-CO-NY 


NH.2  NjX 

(VII.)  (VIII.)  Colourless  salts. 

In  the  benzene  series,  these  diazonium  salts  are  uniformly 
colourless,  in  the  diphenyl  series  they  are  coloured  to  a  varying 
extent,  whilst  in  the  naphthalene  series  the  colour  is  approximately 
the  same  whether  the  salt  is  derived  from  benzoyl-1 :  4-naphthylene- 
diamine  or  its  ethyl  derivative. 

This  comparative  study  of  a  series  of  fairly  stable  diazonium 
salts  containing  benzene,  diphenyl,  and  naphthalene  nuclei  leads 
to  the  conclusion  that  the  appearance  of  colour  in  this  class  of 
diazo-derivatives  is  due,  not  to  any  change  in  the  constitution  of 
the  diazonium  group,  but  to  a  gradual  increase  in  the  complexity 
of  the  aromatic  nucleus  associated  with  the  diazonium  radicle. 

Experimental. 
as-Benzoylethi/l-l :  Ai-najphthylenediamine   (III). 

4-Chloro-o-nitronaphthalene  (20  grams)  was  heated  in  a  steel 
tube,  closed  with  steel  caps  and  leaden  washers,  for  six  hours  with 
80  CO.  of  alcohol  and  50  c.c.  of  33  per  cent,  alcoholic  ethylamine. 
The  product,  4-nitroethyl-a-naphthylamine,  was  separated  from 
unchanged  chloro-compound  by  extraction  with  light  petroleum, 
the  yield  being  about  50  per  cent. 

Benzoyl-i.-nitroethyl-a-naphthylamine, 

N02-C,oHe-N(aH5).CO-C«H5, 
prepared  by  heating  5  grams  of  the  preceding  compound   in   dry 
toluene  with  a  slight  excess  of  benzoyl  chloride,  crystallised  from 
benzene  or  alcohol  in  pale  yellow  prisms,  and  melted  at  121°  (yield, 
SO  per  cent)  : 

0-2337  gave  183  c.c.  Ng  at  21°  and  766  mm.     N  =  8-89. 

CioHieOgN,  requires  N  =  8-75  per  cent. 
The  nitro-compound  (4  grams)  was  dissolved  in  50  c.c.  of  alcohol, 
and  reduced   with   3o  grams   of  tin   and    12   c.c.  of   concentrated 

5  T  2 
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hydrochloric  acid.  After  boiling  for  about  thirty  minutes,  the 
cooled  solution  yielded  a  pink,  crystalline  precipitate,  probably  a 
stannichloride.  This  product,  when  decomposed  with  warm 
aqueous  sodium  hydroxide  and  extracted  with  benzene,  furnished  a 
base  which,  after  recrystallisation  from  the  same  solvent,  separated 
in  small,  yellowish-white  needles,  and  melted  at  205° : 

0-2817  gave  23-8  c.c.  Ng  at  19°  and  762  mm.     N  =  9-74. 
CjgHjgONg   requires  N  =  9'65  per  cent. 

BenzoylethylA-aviinona'phthalene-l-diazonium  SulpJtate.  —  The 
foregoing  base  (0"5  gram)  was  suspended  in  2  c.c.  of  glacial  acetic 
acid,  and  treated  with  an  equal  weight  of  nitrosyl  sulphate.  A 
yellow  coloration  developed  immediately  and  deepened  rapidly,  until 
after  about  thirty  minutes  a  drop  of  the  solution  diluted  with 
water  no  longer  gave  a  precipitate  of  the  unchanged  base.  In 
order  to  complete  the  diazotisation,  it  was  sometimes  found  neces- 
sary to  warm  the  acetic  acid  solution,  but  this  procedure  should 
be  avoided  so  far  as  possible. 

The  solution  of  diazonium  sulphate  was  then  poured  into  six  or 
seven  times  its  volume  of  warm  dry  ether,  when  the  diazonium 
salt  was  precipitated  as  a  yellow  oil,  which  solidified  only  after 
treatment  with  alcohol.  Addition  of  more  alcohol  and  ether  to  the 
supernatant  mother  liquor  produced  a  further  precipitation  of 
crystalline  diazonium  salt,  the  total  yield  being  practically  quant- 
itative. The  following  analyses  were  made  on  different  specimens 
of  the  diazonium  sulphate  : 

0-1330  gave  10-6  c.c.  Ng  at  15°  and  765  mm.     N=:9-40. 

0-2667     „     22-3  c.c.  Ng  „  19°     „    759  mm.     N  =  9-60. 

0-3151     „       0-1710  BaSO^.     S  =  7-47. 

C2iH230eN3S  requires  N  =  9-44;  S  =  7-19  per  cent. 

These  numbers  correspond  with  the  formula 

N(C2H5)(CO-C6H5)-CioHc.N2-HS04,C2H5-OH. 
This  sulphate  separates  in  fine,  yellow  leaflets,  softening  at  87°, 
and  decomposing  with  effervescence  at  96°;  it  dissolves  readily  in 
water  to  a  clear  yellow  solution,  which  is  acid  to  litmus,  and  gives 
at  once  a  precipitate  of  barium  sulphate  with  barium  chloride. 
The  diazonium  salt  couples  immediately  with  alkaline  )8-naphthol. 
Although  stable  in  the  dark,  this  salt  undergoes  decomposition  in 
the  light;  it  then  darkens,  becomes  tarry,  and  evolves  an  odour  of 
ethyl  benzoate. 

Larger  crystals  of  the  salt  can  be  obtained  by  dissolving  it  in 
alcohol  and  then  adding  the  minimum  amount  of  ether  to  induce 
crystallisation;  this  preparation  contains  9'16  per  cent,  of  nitrogen. 

The  diazotisation  with  nitrosyl  sulphate  was  tried  in  alcoholic 
solution,  but  a  less  stable  product  was  obtained,  which  did  not  give 


CONSTITUTION   OF    DIAZONIUM   SALTS.      PART   II.  1695 

a  precipitate    with    aqueous    barium    chloride.      In    this     case     a 
diazonium  ethylsulphate  was  probably  produced. 

Bemoylethyl-A'aminona'phthalene-l-diazo'nium   per  chlorate, 
N(C2H5)(CO-C6H5)-C,oH6-N2-C104, 
was  obtained  as  a  bright  yellow,  crystalline  precipitate  on  mixing 
cold   aqueous   solutions   of  the   foregoing   sulphate   and  potassium 
perchlorate,  the  yield  being  about  50  per  cent,  of  the  calculated 
amount : 

0-1342  gave  11-2  c.c.  No  at  17°  and  771  mm.     N  =  9-82. 
CigHjeOjNgCl  requires  N  =  10'45  per  cent. 

The  perchlorate  is  decomposed  by  warm  water,  yielding  a  viscid 
product;  cold  water  hydrolyses  it  with  the  formation  of  a  yellow, 
crystalline  substance  (compare  p.  1696);  it  detonates  with  difficulty 
on  percussion,  and  explodes  at  about  154°.  The  coupling  with 
alcoholic  j8-naphthol  takes  place  in  the  presence  of  a  mild  alkali, 
such  as  sodium  carbonate  or  calcium  hydroxide,  but  is  inhibited 
by  sodium  or  potassium  hydroxide. 

Benzoj/lethyl-A-aminonaphthalene-1-diazonium  stannichloride, 
N(C2H5)(CO-CeH5)-CioH6.N2-HSnCle, 
separated   as   a  bulky,   yellow  precipitate  on  mixing  cold  aqueous 
solutions   of  the  diazonium   sulphate   or   chloride  and    ammonium 
stannichloride : 

01048  gave  6-5  c.c.  Ng  at  20°  and  754  mm.     N  =  7-04. 
CigHj^ONgClgSn   requires  N  =  6"67  per  cent. 

The  stannichloride  couples  directly  with  alkaline  )8-naphthol,  and 
decomposes  at  154°. 

Benzoyl ethylA-aminona'phthalene-l-diazonium  chloride  was  pre- 
pared by  suspending  as-benzoylethyl-1 :  4-naphthylenediamine  in 
glacial  acetic  acid,  and  passing  in  dry  hydrogen  chloride  until  the 
base  had  dissolved  to  a  clear  pink  solution.  On  adding  successively 
imyl  nitrite  and  warm  dry  ether,  a  greenish-yellow,  crystalline  pre- 
cipitate was  obtained,  which,  although  not  pure  enough  for  analysis, 
gave  all  the  reactions  of  the  diazonium  chloride.  The  product 
dissolved  in  cold  water  to  a  clear  yellow  solution;  it  coupled 
directly  with  alkaline  i8-naphthol,  and  decomposed  at  about  100°. 
The  corresponding  diazo-cyanide,  N(C2Hr,)(CX)-C6H5)-CioHc-N2-CN, 
prepared  by  mixing  dilute  alcoholic  solutions  of  the  diazonium 
thloride  or  sulphate  and  potassium  cyanide  at  - 10°,  separated  at 
"nee  as  a  dark  red  precipitate,  which,  when  dry,  contained  IGSl 
per  cent,  of  nitrogen,  the  calculated  proportion  being  1707,  The 
<yanide  thus  produced  does  not  couple  with  alkaline  )3-naphthoI 
« ither  before  or  after  treatment  with  cold  concentrated  sulphuric 
und.  The  diazonium  molyhdate  and  diazonium  tungstate  were 
'btained   as  unstable,   yellow  precipitates,   coupling   directly   with 
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alkaline  )8-naphtliol,  by  mixing  concentrated  aqueous  solutions  of 
the  diazonium  sulphate  and  sodium  molyl)date  and  tungstate 
respectively. 

The  DecoTTi'position  Products   of   BenzoylethylA-aminonaphthalene- 
1-diazonium  Salts. 

1.  Hydrolysis. — The  diazonium  salts  from  as-benzoylethyl- 
1 :  4-naphthylenediamine,  if  treated  with  excess  of  cold  water  or 
with  aqueous  solutions  of  the  alkali  salts  of  weak  acids,  such  as 
sodium  acetate,  undergo  a  definite  hydrolytic  decomposition  with 
the  formation  of  a  crystalline,  yellow  substance,  which  dissolves 
readily  in  concentrated  hydrochloric  acid,  and  separates  unchanged 
in  well-defined,  pale  yellow,  felted  leaflets  when  the  acid  solution 
is  diluted  with  cold  water.  This  compound,  which  melts  at  140°, 
loses  in  weight  when  kept  in  a  desiccator  over  phosphoric  oxide. 
This  loss  is  due  to  the  removal  of  water,  for  on  exposure  to  a  moist 
atmosphere  the  desiccated  product  takes  up  water  until  the  original 
weight  is  regained.  The  following  analyses  were  made  on  the 
dried  product: 

0-1826  gave  0-4788  CO2  and  0-0911  HgO.     C  =  71-49;  H  =  5-54. 
0-2077     „  23-8  c.c.  Ng  at  20°  and  764  mm.     N  =  13-23. 
0-1321  absorbed  0-0074  HgO.     H20  =  5-59. 

C19H17O2N3  requires  C  =  71-47;  H  =  5-34;  N  =  13-16;  and 
H2O  added  requires  5-40  per  cent. 

These  numbers  correspond  with  the  formula  for  a  nitrosoamine, 
NO-NH-CioH6-N(C2H5)-CO-C6H5,  which  becomes  hydrated  by  the 
NO  group,  changing  to  N(0H)2.  Its  solution  in  concentrated 
hydrochloric  acid  does  not  contain  any  regenerated  diazonium  salt, 
as  no  coupling  occurs  with  alkaline  j8-naphthol.  The  yellow 
alcoholic  solution  of  this  basic  compound  is  decolorised  by  zinc 
dust  and  ammonium  chloride,  yielding  a  reduction  product  melting 
at  207°.  Owing  to  the  small  amount  of  available  material,  the 
study  of  these  substances  was  not  carried  further. 

2.  Action  of  Ammonia. — The  diazonium  salts  of  as-benzoylethyl- 
1 :  4-naphthylenediamine,  when  treated  with  aqvieous  ammonia, 
furnish  a  brown  product,  which  decomposes  at  108°,  and  does  not 
couple  with  alkaline  j8-naphthol : 

0-1513  gave  15-5  c.c.  Ng  at  19-5°  and  748-5  mm.     N  =  11-63. 
C38H33O2N5  requires  N  =  11-80  per  cent. 

This  result,  which  agrees  with  the  formula  for  a  dia-zoamine, 
N(C2H,)(CO-CoH,)-C,oHc-N2-NH-C,oH6-N(C2H5)(CO-C6H5),  is  con- 
firmed  by  the  action  of  cold  concentrated  hydrochloric  acid.     This 
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acid  slowly  dissolves  the  substance,  forming  a  solution  which  now 
couples  with  alkaline  )3-naphthol. 

3.  Action  of  Sodium  Azide. — Even  in  cooled  solutions  it  was 
found  impossible  to  obtain  the  yellow  diazonium  azide  of  o5-benzoyl- 
ethyl-1 :  4-naphthylenediamine  by  the  interaction  of  sodium  azide 
and  the  diazonium  sulphate.  Nitrogen  was  evolved  immediately, 
and  colourless  benzoylethyl-l-aminonaphthyl-4-azoimide  was  pro- 
duced. 

A  more  favourable  result  was  obtained  from  benzoyl-1-amino- 
naphthalene-4-diazonium  chloride  and  sodium  azide  in  well-cooled 
aqueous  solutions.  Benzoi/l-l-aminonaphthaIene-4-diazonium  azide, 
CgHj'CO'NH-CioHg-Ng'Ng,  was  produced  as  a  yellow,  crystalline 
precipitate,  practically  insoluble  in  ice-cold  water.  When  treated 
immediately  with  alkaline  j8-naphthol,  the  weight  of  benzoyl-1-amino- 
naphthalene-4-azo-)8-naphthol  obtained  corresponded  with  .75  per 
cent,  of  the  amount  calculated  for  the  pure  diazonium  azide. 

At  0°,  and  even  more  rapidly  at  higher  temperatures,  this  yellow 
diazonium  azide  loses  diazo-nitrogen,  and  becomes  converted  into 
the  colourless  azoimide. 

Benzoyl-\-aTninonaphthyl-A.-azoimide,  CgH5'CO'NH*CioH5'N3,  crys- 
tallises from  alcohol  in  felted  masses  of  colourless  needles,  melting 
and  decomposing  at  167 — 170°: 

00944  gave  163  c.c.  Ng  at  20°  and  750  mm.     N  =  19-49. 
CiyHigON^  requires  N  =  19'4o  per  cent. 

This  substance  is  remarkably  sensitive  to  light,  becoming  bright 
yellow  after  a  short  exposure. 

The  authors  desire  to  express  their  thanks  to  the  Research  Grant 
Committees  of  the  Royal  Society  and  Chemical  Society  for  grants 
vhich  have  partly  defrayed  the  expenses  of  this  investigation. 

Royal  College  of  Science,  London, 
South  Kensington,  S.W. 


CLXXX.  — Dtcamph  orylph osph in ic  A cid. 

By  Gilbert  T.  Morgan  and  Walter  R.  Moore,  A.R.C.S. 

The  experiments  described  in  the  present  communication  form  part 
'i  a  comparative  study  of  the  organic  derivatives  of  the  phosphorus 
family  of  elements  containing  camphor  nuclei.  The  condensations 
'if  sodium  camphor  with  the  trichlorides  of  arsenic  and  antimony 
have  already  been   described  (Trans.,    1908,   93,  2144;  1909,   95, 
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1473 ;  and  this  vol.,  p.  34) ;  this  paper  deals  with  the  interaction 
between  phosphorus   trichloride   and   sodium  camphor. 

As  in  the  earlier  experiments,  the  condensation  was  effected  in 
dry  toluene,  and  in  this  case  subsequent  treatment  with  aqueous 
alkalis  removed  only  one  acidic  substance,  namely,  dicamphoryl- 
phosphinic  acid,  which  was  shown  to  be  monobasic  by  titration 
with  standard  alkali  hydroxides  and  by  the  formation  of  a  series 
of  metallic  salts. 

The  constitution  of  dicamphorylphosphinic  acid  was  determined 
by  alkaline  hydrolysis,  when  it  yielded  camphor  and  sodium  ortho- 
phosphate,  in  accordance  with  the  following  equation : 

(CioHi50)2PO-ONa  +  2NaOH  =  2CioHi60  +  NagPO^. 

This  experiment  showed  that  dicamphorylphosphinic  acid  behaves 
like  dicamphorylarsinic  acid,  excepting  that  the  phosphorus  com- 
pound is  much  more  stable  than  its  arsenic  analogue  towards  con- 
centrated alkali  hydroxides,  for  it  was  only  when  the  water  present 
was  removed  by  evaporation,  and  the  residual  alkali  had  fused, 
that  the  hydrolytic  decomposition  took  place.  The  acid  is  acted 
on  by  phosphorus  pentachloride  with  the  evolution  of  hydrogen 
chloride  and  the  formation  of  an  acyl  chloride,  which  is  still  under 
examination. 

These  experimental  results  demonstrate  that  dicamphoryl- 
phosphinic acid  has  the  following  constitutional  formula: 

O 

^    ^^     CO     OH   CO        ^    '' 

The  group  relationship  existing  between  phosphorus,  arsenic,  and 
antimony  is  manifested  very  clearly  by  the  comparative  study  of 
their  camphor  derivatives.  As  the  atomic  weights  of  these  elements 
increase,  the  tendency  to  form  the  tricamphoryl  derivative,  increases, 
and  the  stability  of  the  acid  product  diminishes.  This  periodic 
variation  is  summarised  in  the  tabulation  on  p?  1699. 

The  physical  and  chemical  properties  of  the  metallic  dicamphoryl- 
phosphinates  resemble  in  general  those  of  the  corresponding  ortho- 
phosphates.  The  sodium,  potassium,  and  ammonium  dicamphoryl- 
phosphinates  are  very  soluble  in  water;  those  of  the  heavy  metals 
and  metals  of  the  alkaline  earths  are  practically  insoluble;  silve?- 
dicamphorylphosphinate  is  crystalline;  the  others  are  obtained  as 
amorphous  precipitates.  Lithium  dicamplwrylphosphinate  is  also 
crystalline,  and,  like  lithium  phosphate,  is  only  moderately  soluble 
in  water  and  alkaline  solutions. 
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Condensation  Products  from  Sodium  Campfior  and  the  Trichloride !> 
of  the  Phosphorus  Growp. 


Products. 
Dicamphoryl 
derivatives. 


Tricamphoryl 
derivatires. 


Phosphoms 
trichloride. 
(CioHi.,0).,PO-OH,  di- 
camphoryl phosph  in  - 
ic  acid,  stable  in  con- 
centrated aqueous  al- 
kali hydroxides  ;  de- 
composed by  fused 
alkali  hydroxides. 


Arsenic  Antimony 

trichloride.  trichloride. 

(C,pHj50)2AsO-OH,  — 

d  i  c  a  m  phory  larsinic 
acil,  stable  in  hot 
dilute  aqueous  alkali 
hydroxides  ;  decom- 
posed by  very  strong 
solutions  of  these 
alkalis. 

(CioHisOsAsCOH),,  (CioHisOsSbCl.,,  tri- 
tricamphorylarsinic  camphorylstibinic 
acid  is  as  stable  to-  chloride,  slowly 
wards  alkalis  as  the  resolved  by  water 
above  dicamphoryl  into 
derivative.  (CjpH,50)jSb(OH)2, 

tricamphorylstib- 
inic  acid,  very  un- 
stable, decora['Osed 
by  dilute  aqueous 
sodium  hydroxide 
and  even  by  boiling 
water. 


Dicamphort/lphospJiinic  Acid,   (CioHi50)2PO-OH. 

Sodium  camphor  vras  prepared  by  the  method  indicated  by 
Forster  (Trans.,  1901,  79,  987),  using  75  grams  of  camphor  and 
75  grams  of  sodium.  This  metallic  derivative  was  suspended  in 
dry  toluene  (200  c.c),  and  slowly  treated  with  29  grams  of 
phosphorus  trichloride  diluted  with  two  volumes  of  toluene.  The 
mixture,  which  was  thoroughly  shaken,  warmed  up  considerably, 
and  acquired  a  jelly-like  consistence,  afterwards  regaining  its 
mobility.  After  one  hour,  the  mixture  was  gently  heated  for  thirty 
minutes,  and  left  overnight  at  the  ordinary  temperature ;  30  c.c.  of 
water  were  then  added  to  the  cooled  product  of  reaction,  and  the 
aqueous  layer  was  separated.  The  toluene  layer  was  now  extracted 
with  2iV-sodium  hydroxide,  and  the  cooled  alkaline  extract  acidified 
with  2iV-hydrochloric  acid.  The  crude  dicamphorylphosphinic  acid 
thus  precipitated  has  a  tendency  to  become  viscid.  A  further 
portion  of  the  crude  product  was  obtained  by  evaporating  to  dry- 
ness the  first  aqueous  extract  and  the  filtrate  from  the  precipitated 
acid,  the  residue  being  extracted  with  alcohol. 

Dicamphorylphosphinic  acid  does  not  crystallise  so  well  as  di- 
camphorylarsinic  acid,  and  this  difference  recalls  the  behaviour  of 
their  inorganic  analogues,  the  hydrated  orthophosphoric  and  orthc 
arsenic  acids,  the  latter  being  the  more  readily  crystallisable. 
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Dicampliorylpliosphinic  acid  is  only  sparingly  soluble  in  water, 
ether,  or  light  petroleum  (b.  p.  40 — 100°) ;  it  dissolves  readily  in 
warm  benzene,  toluene,  chloroform,  or  ethyl  alcohol,  but  only  from 
the  last  of  these  solvents  does  it  crystallise  at  all  readily  on  cooling. 
The  addition  of  light  petroleum  to  the  other  solutions  facilitates 
the  separation  of  the  acid  in  a  crystalline  condition.  It  separates 
from  absolute  alcohol  in  colourless,  nodular  crystals,  having  a 
prismatic  habit,  and  decomposes  at  283°.  When  titrated  with 
iV/20-sodium  hydroxide,  using  phenolphthalein  as  indicator,  the 
acid  gave  a  molecular  weight  approximating  to  366,  the  value 
calculated  for  a  monobasic  acid : 

0-0950  gave  0-2289  COg  and  0-0731  H.O.     C  =  65'67 ;  H  =  8-61. 

0-2059     „     0-4948  CO2     „    0-1584  HgO.     C  =  65-52;  H  =  8-61. 

0-1616     „     0-7552  (P205,24Mo03).     P  =  8-05. 

0-2146     „     1-0392  (P2O5.24M0O3).     P  =  8-34. 
C20H01O4P  requires  C  =  65-67;  H  =  8-56;  P  =  8-46  per  cent. 

A  specimen  of  the  acid  obtained  by  repeated  crystallisation  from 
absolute  alcohol  when  dissolved  in  chloroform  gave  the  following 
reading  in  the  polarimeter : 

0-5963,  in  25  c.c.  of  solvent,  gave,  in  a  2-dcm.  tube,  a^  7-20°, 
whence   [a]^»  151-1°. 

It  was  noticed  that  specimens  of  the  acid  crystallised  from 
chloroform  gave  lower  values  for  [a]p  of  about  138-5°;  repeated 
crystallisation  from  alcohol  gradually  raised  the  rotatory  power  to 
149-7°  and  151°. 

Hydrolytic  Decomposition  of  Sodium  DicampJiorylphosphinate. — 
One  gram  of  this  salt  was  heated  in  a  hard  glass  flask  with  excess 
of  concentrated  aqueous  sodium  hydroxide.  No  appreciable  change 
occurred  until  the  water  present  had  distilled  away,  when,  on 
further  heating,  a  white  sublimate  appeared,  which  was  collected 
in  a  reflux  condenser,  and  identified  as  camphor  (m.  p.  176°) ; 
about  50  per  cent,  of  the  calculated  amount  was  recovered,  the 
remainder  being  accidentally  lost.  The  alkaline  residue  was  dis- 
solved in  water,  and  shown  to  contain  sodium  orthophosphate  by  the 
formation  of  yellow  silver  phosphate  and  crystalline  magnesium 
ammonium  phosphate.  A  small  quantity  of  unaltered  dicamphoryl- 
phosphinic  acid  was  also  recovered. 

Salts  of  Dicamphorylphosphinic  A  cid. 

Sodium  dicamphorylphosphinate,  (CioHj50)2PO'ONa,a;H20,  was 
prepared  by  neutralising  the  acid  exactly  with  pure  aqueous  sodium 
hydroxide  and  allowing  the  filtered  solution  to  evaporate  in  a 
vacuum  desiccator.     The  residue  was  a  crystalline  mass,  very  soluble 
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in  water  or  alcohol.  A  portion  of  the  desiccated  salt  was  ignited 
with  concentrated  nitric  acid  to  destroy  the  organic  matter  present, 
and  a  residue  of  sodium  metaphosphate  was  finally  obtained : 

0-5962  gave  0-1558  NaPOg.     Na  =  5-89. 
0-5118     „    0-1352  NaPOg.     Na  =  5-96. 

CooH3o04PNa  requires  Na=5-93  per  cent. 

.4  mmonium  dicamphorylphospJiinate,  (CioHi50).2PO*ONH4,a;H20, 
produced  by  adding  to  the  free  acid  a  slight  excess  of  aqueous 
ammonia  and  evaporating  the  solution  over  concentrated  sulphuric 
acid,  is  a  crystalline  substance  resembling  the  sodium  salt,  and 
very  soluble  in  water  or  alcohol.  The  percentage  amount  of 
ammonium   present  corresponded   with  the   above  formula. 

The  following  salts  were  obtained  by  double  decomposition  from 
sodium  dicamphorylphosphinate. 

Lithium  dicamphorylphospJiinate,  (CioHj50)2PO'OLi,2H20,  sepa- 
rated in  felted  masses  of  small,  colourless  needles  on  boiling  an 
aqueous  solution  of  the  sodium  salt  with  slight  excess  of  lithium 
chloride.  The  filtrate  on  concentration  gave  further  quantities  of 
this  moderately  soluble  lithium  salt,  which  dissolves  more  sparingly 
in  warm  than  in  cold  water  : 

0-0734  gave  0-0164  LiPOg.     Li  =  l-82. 
0-5479     „    0-1123  LiPOg.     Li  =  l-68. 
0-5514     „     0-0510  H2O  at  140°.     H20  =  9-25. 
C2oH3o04PLi,2H.20  requires  Li  =  l-71;  H20  =  8-82  per  cent. 

The  lithium  was  estimated  by  igniting  the  salt  with  nitric  acid 
and  weighing  the  residual  metaphosphate. 

Silver  dicamphorylphosphinate,  (CjoHi50)2PO'OAg,  when  pre- 
pared in  the  dark,  separates  in  minute,  white,  acicular  crystals, 
which  darken  on  exposure  to  light,  or  on  warming  in  their  mother 
liquor.  Weighed  portions  of  this  salt  were  digested  with  concen- 
trated nitric  acid,  the  solution  then  diluted,  and  titrated  in  the 
usual  way  with  standard  ammonium  thiocyanate  (1  c.c.  =  001109 
Ag): 

0-4984  required  103  c.c.  NH4-CNS  solution.     Ag  =  22-93. 
0-4190         „  8-7  c.c.         „  „  Ag  =  2303. 

CM^soO^PAg   requires  Ag  =  22*81   per  cent. 

f'admium.  dicamphorylphosphinate,  [(C,oHj50)2PO-0]2Cd,  pre- 
pared by  double  decomposition,  using  cadmium  chloride,  is  a  white, 
amorphous  precipitate  practically  insoluble  in  water.  Weighed 
portions  of  this  salt  were  digested  with  nitric  acid,  the  cadmium 
precipitated  as  sulphide,  redissolvcd  as  nitrate  or  sulphate,  and 
finally  precipiUted  as  basic  carbonate : 
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0-5175  gave  0-0806  CdO.     Cd  =  13-63. 

0-7079     „     0-1060  CdO.     Cd  =  13-10. 

QoHeoOgPgCd  requires  Cd  =  13'38  per  cent. 

Copper  dicamphorylpliosphinate,  [(CiqHj50)2P0*O]2Cu,  is  a  blue, 
amorphous  precipitate,  insoluble  in  water,  dissolving  readily  in 
aqueous  ammonia  to  a  deep  blue  solution : 

0-9314  gave  0-0908  CuO.     Cu  =  7-79. 

0-7121     „     0-0708  CuO.     Cu  =  7-94. 

C^oHeoOgPgCu   requires   Cu  =  8'01  per  cent. 

The  copper  was  estimated  in  a  similar  manner  to  the  cadmium 
in  the  preceding  compound. 

Lead  dicamphorylphosphinate,  [(CioHi50)2PO'0]2Pb,  is  a  white, 
amorphous  precipitate  obtained  by  the  interaction  of  sodium  di- 
camphorylphosphinate and  lead  acetate : 

0-6712  gave  0-2118  PbSO^.     Pb  =  21-57. 

0-5326     „     0-1242  PbO,     Pb  =  21-60. 

C4oHgo08P2Pb  requires  Pb  =  22*09  per  cent. 

The  dicamphorylphosphinates  of  magnesium,  calcium,  strontium, 
and  barium  are  white,  amorphous  precipitates,  as  are  also  the 
corresponding  salts  of  zinc,  manganese,  and  aluminium.  Mercurous, 
mercuric,  and  ferrous  dicamphorylphosphinates  are  white,  insoluble 
substances,  the  last  of  these  becoming  light  yellow  on  exposure  to 
the  atmosphere.  Ferric  dicamphorylphosphinate  is  a  light  brown, 
gelatinous  precipitate;  the  chromium,  nickel,  and  cobalt  salts  are 
also  insoluble,  their  colours  resembling  those  of  the  corresponding 
phosphates. 

The  authors  desire  to  express  their  thanks  to  the  Research  Fund 
Committee  of  the  Chemical  Society  for  a  grant  which  has  partly 
defrayed  the  expenses  of  this  investigation. 

EoYAL  College  of  Scienck,  London, 
South  Kensington,  S.W, 


CLXXXI. — The  Constitution  of  the    ortho-Diazoimines. 
Part   I.     The    Naphthylenediazoimdnes   and   their 
Benzenesulphonyl  Derivatives. 
By  Gilbert  T.  Morgan  and  William  Godden,  B.Sc,  A.R.C.S. 

The  action  of  nitrous  acid  on  an  aromatic  ortho-diamine  or  on  one 
of  its  alkyl,  aryl,  or  acyl  derivatives  leads  to  the  formation  of  a 
cyclic  diazo-compound,  which  is  represented  by  one  of  the  following 
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general  formulae,  where  R  is  either  a  hydrogen  atom  or  an  alkyl, 
aryl,  or  acyl  group  : 

C,H,<|>xNR  0,H,<^^>N 

(I.)  (11.) 

In  formula  I,  which  is  due  to  Griess  {Ber.,  1882,  15,  2195),  the 
substituent  R  is  assumed  to  have  migrated  to  the  nitrogen  atom 
derived  from  the  nitrous  acid ;  according  to  formula  II,  proposed  by 
Kekule  {Lehrhuch,  II,  739),  this  substituent  remains  in  the  position 
it  occupied  before  the  triazole  ring  was  formed. 

If  the  latter  view  of  their  constitution  be  accepted,  the  ortho- 
diazoimines  must  be  regarded  as  analogues  of  the  diazoamines, 
XNIN'NHY,  from  which,  however,  they  are  distinguished  invari- 
ably by  their  greater  stability,  and  very  frequently  by  their  lack 
of  colour.  Moreover,  certain  acyl  derivatives  of  the  para-diamines, 
benzenesulphonyl-1 :  4-naphthylenediamine  (HI),  for  example,  give 
rise  to  diazo-compounds  (IV),  produced  by  internal  condensation, 
which  diflFer  very  considerably  from  the  corresponding  ortho- 
diazoimides  in  being  invariably  coloured  and  also  hydrolysable  by 
acids  (Trans.,  1905,  87,  924)  : 

NH-SO,Ph  ^     ..-N-SO,Ph 


-^ 


N 

(III.)        "  (IV.) 

In  view  of  these  striking  differences  existing  between  the  ortho- 
and  para-diazoimides,  it  seemed  of  interest  to  ascertain  which  of 
the  foregoing  formulae  (I  and  II)  is  the  more  appropriate  repre- 
sentation of  the  constitution  of  the  ortho-diazoimines  and  their 
•V-substituted  derivatives. 

Whichever  view  be  adopted,  it  is  evident  that  any  base  having 
the  general  formula  (l)NBro-C6H4'NHR(2)  can  only  give  rise  to 
one  cyclic  derivative,  CcH4l[N3R],  but  if  the  molecule  be  rendered 
less  symmetrical  by  substitution  in  the  aromatic  nucleus  as  in 
(l)NH2'CcH3X-NHR(2),  then  Kekule's  hypothesis  demands  two 
isomerides : 

C6H3X<|2^     and     C«H3X<||\ 

whereas  only  one  product  will  result  if  Griess's  view  be  correct. 

This  degree  of  asymmetry  is  conveniently  produced  by  working 
with  ortho-naphthylene  instead  of  ortho-phenylene  derivatives. 
According  to  Kekule's  hypothesis,  1 :  2-naphthylenediamine  and 
its   .V-substituted   derivatives    (V)  should  yield   pairs   of   isomeric 
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diazoimines,  whereas  2  :  3-naphthylenediamine  and  1 :  8-naplitliylene- 
diamine,  which  also  furnish  similar  diazoimines,  should  each  give 
only  one  product.  If,  however,  Griess's  formula  be  correct,  only 
one  product  should  be  obtainable  from  each  of  these  three  diamines. 
The  authors'  results  confirm  the  formulation  advocated  by  Kekule. 

I. — The  Constitution  of  the  orthO'Diazoimides. 

1.  Two  isomeric  benzenesulphonyl-4-bromo-l :  2-naphthylenedi- 
amines  have  been  prepared,  differing  only  in  the  position  of  the 
benzenesulphonyl  group,  and  these  bases,  on  treatment  with  nitrous 
acid,  furnish  isomeric  diazoimides.  This  result  agrees  with  Kekule's 
view,  but  is  inexplicable  on  Griess's  hypothesis. 

The  more  stable  of  these  isomeric  diazoimides  is  obtained  by  the 
following  series  of  operations. 

Benzenesulphonyl-j8-naphthylamine  is  nitrated  to  henzene- 
sulphonyl-l-nitro-fi-naphthylamine,  which,  on  reduction,  gives  rise 
to  2-benzenesulphon7/l-l :  2-naphthylenedia7nine  (V).  2-Benzene- 
sulphoni/l-4:-bromo-l :  2-naphthylenediamine  (VI)  is  obtained  either 
by  brominating  the  preceding  base  or  by  benzene-sulphonating 
A-bromo-1 :  2-naphthylenediamine  (VII),  this  diamine  being  pre- 
pared from  4-bromo-2-nitro-a-naphthylamine  (XV).  These  alter- 
native methods  of  preparation  determine  the  constitution  of 
2-benzenesulphonyl-4-bromo-l :  2-naphthylenediamine  (VI),  and 
treatment  of  this  base  with  nitrous  acid  leads  to  2-b  enzenesnlphonyl- 
^-bro7nonaphthylene-\-diazo-2-imide  (IX),  melting  at  209°,  a  product 
which  also  results  from  4-bromo-l :  2-naphthylenediamine  (VII)  by 
successive  treatment  with  nitrous  acid  and  benzenesulphonyl 
chloride : 

NHg  NH,  NH, 


NH-SOgPh       .    /    V    >NH-SOoPh 


(V.) 


n:n  /N:n 


N-SOgPh  /     Y    >-N-SOoPh 


/ 
Br 

(VIII.)  (IX.)  (X.) 

Benzenesulphonyl-A-bromo-a-naphthylamine    (XI),     the    starting 

point  in  the  synthesis  of  the  less  stable  isomeric  diazoimide,  may  be 

prepared  from  either  benzenesulphonyl-o-naphthylamine  or  4-bromo- 

o-naphthylamine    (XIV).       Nitration    leads   to   benzenesulphonyl- 
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^.hromo'2-nitj-o-a-na'phthylainine  (XII),  the  position  of  the  nitro- 
group  being  ascertained  by  bydrolysing  the  product  to  4-bronio- 
•2  nitro-a-naphthylamine  (XV) : 


XH-SOoPh 


— ^ 


NH-SOaPh 


NO, 


NH-SOjPh 


Br 

(XII.) 


>k 


NH« 


Br  Br  Br 

(XIV.)  (XV.)  (-XV  J.) 

Reduction  of  the  nitro-compound  (XII)  gives  1-h ensenesulphont/l- 
A-bromo-1 :  2-naphthylenediamine  (XIII),  and  nitrous  acid  converts 
this  base  into  \-henzenesul'phonyl-A-hromonaphthylene-2-diazo- 
Umide  (XVI),  melting  at  159—160°. 

The  two  isomeric  diazoimides  (IX  and  XVI)  differ  not  only  in 
melting  point,  but  also  in  chemical  properties.  The  more  fusible 
isomeride,  which  contains  its  acyl  group  attached  to  the  a-nitrogen 
atom,  is  less  stable,  and  the  changes  undergone  by  this  compound 
may  be  indicated  by  the  following  diagram: 

/ N-SO,Ph 


Br 
(XVII.) 


Ph'SOaCl 


^ 


N-SOgPh 


,|,(-PhSOjEt) 

/N:n 


Br 

(XVIU.) 


Br 

^(-PhSOaCl) 

/N:n 

Br 

(XIX.) 


(XX.) 
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These  three  changes  have  been  realised  experimentally  with  con- 
siderable facility,  and  in  each  case  the  double  linking  has  shifted 
from  the  )8-  to  the  a-position.  This  molecular  rearrangement  is 
best  explained  by  assuming  that  unstable  additive  products 
represent  the  first  phase  of  these  reactions,  the  second  step  involving 
respectively  the  loss  of  ethyl  benzenesulphonate,  benzenesulphonyl 
chloride,  and  a  mixed  acyl  anhydride.  The  formation  of  A-bromo- 
naphthylene-l-diazo-2-imine  (XVIII)  takes  place  at  the  ordinary 
temperature  when  the  less  stable  isomeric  diazoimide  (XVII)  is 
left  in  contact  with  a  trace  of  alcohol.  On  the  contrary,  the  more 
stable  isomeride  (XIX)  is  hydrolysed  to  the  diazoimine  (XVIII) 
only  after  prolonged  boiling  with  alcoholic  soda,  Benzene- 
sulphonation  of  the  diazoimine  (XVIII)  regenerates  the  stable 
diazoimide  (XIX),  whereas  acetylation  yields  A-hromo-2-acetyl- 
naphthylene-l-diazo-2-imide  (XX),  which  also  results  from  the 
molecular  change  of  the  diazoimide  (XVII)  in  presence  of  acetic 
anhydride. 

2.  The  production  of  a  less  substituted  pair  of  isomeric  acylated 
ortho-diazojmides  was  a  matter  of  considerable  difficulty,  which  was 
finally  solved  in  the  following   manner: 

NH-SOsPh  NH-S02Ph 


(XXII.)  (XXIII.) 

.7f 


n:n 

N-SOjjPh 

\/        ' 
Mixed  diazoiinines. 
(XXIV.)'  (XXV.)  (XXVI.) 

The  nitration  of  benzenesulphonyl-o-naphthylamine  leads  to 
h enzenesulphonyl-2 :  A-dinitro-a-napJithylamine  (XXI),  the  position 
of  the  nitro-groups  being  determined  by  successive  hydrolysis  to 
2  :  4-dinitro-a-naphthylamine  (XXIV)   and   2 :  4-dinitro-a-naphthol. 

Reduction  of  the  dinitro-compound  gives  the  very  oxidisable 
1-b enzenesulphonyl-1 :  2  :  A-triaminonaphthalene  (XXII),  and  diazo- 
tisation  of  this  base  under  carefully  regulated  conditions  yields  the 
required  1-i!'  enzenesulphonylnaphthylene-2-diazo-\-imide  (XXIII), 
melting  at  159 — 161°.  The  acyl  group  in  this  product  is  easily 
displaced,  giving  rise  either  to  a  mixture  of  the  isomeric  1 :  2-naph 
thylenediazoimines    (XXV)    or    to     the    more    stable    isomeride, 
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henzenesul'phonyln<iphthyle7te-\-diazo-2Aviide  (XXVI).  This  com- 
pound, which  melts  and  decomposes  at  179°,  is  more  easily  obtained 
by   the   action  of  nitrous  acid     on    2-b enzenesul-phonyl-l :  2-naph- 

l/lenediamine  (V). 

In  this  pair  of  isomerides  the  shifting  of  the  double  linking  from 
the  /3-  to  the  a-position  is  effected  less  completely  than  in  the  case 
of  the  corresponding  bromo-derivatives  (XVII  and  XIX),  where 
the  bromine  atom  undoubtedly  exerts  some  directive  influence. 

II. — The  Constitution  of  the   ortho-Diazoimines. 

The  above-mentioned  directive  influence  of  the  bromine  atom  is 
also  noticeable  in  the  case  of  1 :  2-naphthylenediamine  and  its 
4-bromo-derivative  (VII) ;  the  latter  base  gives  with  nitrous  acid  a 
homogeneous  product,  ^-hromonaphthylene-l-diazo-2-imine  (X);  the 
former  diamine  yields  a  mixture  of  isomeric  diazoimines,  one  of 
which  is  certainly  naphthylene-l-diazo-2-imine,  for  on  benzene- 
sulphonation,  the  mixed  diazoimines  furnish  a  product  from  which 
2-benzenesulphonylnaphthylene-l-diazo-2-imide  (VHI  and  XXVI) 
has  been  isolated.  The  isomeric  1-benzenesulphonylnaphthylene- 
2-diazo-l-imide  (XXIII)  has  not  been  identified  with  certainty  in 
this  mixture  of  benzenesulphonyl  derivatives  obtained  from  the 
mixed    1 :  2-naphthylenediazoimines   (XXV). 

These  mixed  diazoimines  are  also  obtained  in  an  entirely  different 

way  by  diazotising  1-benzenesulphonyl-l :  2 :  4-triaminonaphthalene 

(XXII)  in  the  presence  of  excess  of  alcohoKc  sulphuric  acid,  when 

ydrolysis  of  the  acyl  group  and  replacement  of  the  para-diazonium 

roup  by  hydrogen  take  place  simultaneously.   Benzene-sulphonation 

f  these  mixed  diazoimines  leads  to  a  mixture  of  benzenesulphonyl 

derivatives  in  which  2-benzenesulphonyInaphthylene-l-diazo-2-imide 

predominates. 

Comparative  experiments  were  then  made  with  2  :  3-naphthylene- 

liazoimine  (XXVII),  first  prepared  from  2 :  3-naphthylenediamine 

>-  Friedlander  and  S.  von  Zakrzewski  {Ber.,  1894,  27.  764);  this 

iazoimine   is   a  homogeneous  product,   giving    only   one   benzene- 

ulphonyl  derivative  (XXVIII) : 

'  — >  I 

\/\/ NH  \/\/ N-SOgPh 

(XXVII.)  (XXVIII.) 

1 :  8-Naphthylenediamine  has  already  been  shown  to  form  only 

ne  diazoimine  (XXIX)   (De  Aguiar,  Ber.,  1874,  7,  316),  and  its 

1  phenyl    derivative    furnishes    a    homogeneous     product, 

phonyl-1  :  8-naphthylenediazoimide     (XXX),     which    in 

"lour  and  reactivity  resembles  closely  benzenesulphonyl-1 :  4-naph- 

VOL.   xcvii.  5  u 
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thylenediazoimide  (IV)    (Morgan   and  Micklethwait,  Trans.,  1906, 
89,  4): 

Ng— N-S02Ph 

I 


(XXIX.)  (XXX.) 


Summary. 

I.  The  formula  (II)  proposed  by  Kekule  for  the  ortho-diazoimines 
is  supported  by  the  following  observations,  most  of  which  were 
made  during  the  present  investigation  of  the  diazo-compounds  of 
the  1:2-,  2 :  3-,  and  1 :  8-naphthylenediamines  and  their  acyl 
derivatives. 

(1)  1 :  2-Naphthylenediamine  gives  rise  to  a  mixture  of  diazo- 
imines,  and  two  benzenesulphonyl  derivatives  (XXIII  and  XXVI) 
of  these  1 :  2-naphthylenediazoimines  have  been  isolated. 

(2)  Two  benzenesulphonyl  -  4  -  bromo-1 :  2-naiDhthvlenediazoimides 
have  been  obtained,  differing  only  in  the  orientation  of  the  acyl 
group  and  double  linking  of  the  triazole  ring  (IX  and  XVI). 

(3)  2  :  3-Naphthylenediamine  furnishes  only  one  diazoimine,  which 
in   turn  gives  one   benzenesulphonyl   derivative  (XXVIII). 

■^4)  1 :  8-Naphthylenediamine  and  its  benzenesulphonyl  derivative 
each  give  only  one  diazo-compound  (XXIX  and  XXX). 

II.  A  complete  series  of  benzenesulphonylnaphthylenediazoimides 
has  now  been  prepared,  the  general  formula  being : 

N 
^JoH«<N-S02Ph  ' 

where  N<,:N  =  1  :  2,   2  :  1,  2  :  3,  1 :  4,  and   1 :  8. 

The  first  three  (XXVI,  XXIII,  and  XXVIII)  are  ortho-diazo- 
imides  containing  five-membered  triazole  rings ;  these  isomerides  are 
colourless  and  not  hydrolysable  by  concentrated  acids. 

The  last  two  (IV  and  XXX)  are  para-  and  peri-diazoimides,  con- 
taining respectively  seven-  and  six-membered  triazole  rings;  these 
isomerides  are  yellow,  and  the  ring  undergoes  fission  with  acids. 

The  strain  introduced  into  the  molecule  by  an  increase  in  the 
number  of  ring-forming  atoms  is,  in  this  series  of  compounds,  accom- 
panied by  a  development  of  colour. 
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Experimental. 

[. — The   Isomeric    Benzenesulphonyl-i-hromo-X  :  2-naphthylene- 

diazoimides. 

2-Benzenesulphonj/l-4-bromo-l :  2-naphthi/lenediamine  (VI),  which 
separated  slowly  on  mixing  chloroform  solutions  of  bromine  (1  mol.) 
and  2-benzenesulphonyl-l :  2-naphthylenediamine  (1  mol.),  was 
washed  with  light  petroleum  and  converted  into  its  hydrochloride, 
this  salt  being  then  dissolved  in  alcohol  and  reprecipitated  on  the 
addition  of  water.  The  base  set  free  with  ammonia  crystallised 
from  alcohol  in  colourless,  slender  needles,  melting  and  decomposing 
at  171°: 

0-1778  gave  11-6  c.c.  N.,  at  16°  and  748-5  mm.     N  =  7-49. 

0-2326      „       0-1151    AgBr.     Br  =  21-05. 

CigHigOoNaBrS  requires  N  =  7-43;   Br  =  21-22  per  cent. 

The  yield  of  the  base  obtained  by  the  foregoing  method  was  only 
30  per  cent,  of  the  calculated  amount,  and  the  bromination  went 
even  less  smoothly  in  glacial  acetic  acid.  The  position  of  the 
bromine  atom  in  this  acylated  amine  was  determined  by  preparing 
the  base  from  4-bromo-l :  2-naphthylenediamine  (VII)  in  the  follow- 
ing way. 

4-Bromo-2-nitroaceto-o-naphthalide  (m.  p.  230°)  was  prepared 
both  by  the  nitration  of  4-bromoaceto-a-naphthalide  and  by  the 
bromination  of  2-nitroaceto-a-naphthalide  (m.  p.  199°);  these 
reactions  were  carried  out  in  warm  glacial  acetic  acid,  and  the 
former  process  was  found  to  be  the  more  convenient. 

The  bromo-compound  (50  grams)  suspended  in  150  c.c.  of  glacial 

acetic  acid  at  60°  was  treated  with  20  c.c.  of  nitric  acid  (D  142) 

diluted    with    50    c.c.    of    glacial    acetic    acid,     and     previously 

"reed   from  nitrous  acid   by   the   addition   of  a  small  quantity  of 

arbamide.     On  hydrolysis  with  alcoholic  ammonia,  or  less  prefer- 

>ly   with   alcoholic    potash    or  sulphuric    acid,    this    bromoacetyl 

derivative   yielded   4-bromo-2-nitro-o-naphthylamine   (m.    p.    200°), 

which  was  also  prepared  in  quantitative  yield  by  heating  1  gram  of 

f'nzenesulphonyl-4-bromo-2-nitro-o-naphthylamine   (XII)     with    20 

c.  of  alcoholic  ammonia  for  three  hours  at  180°. 

A  singular    result    was    obtained    on    attempting  te   hydrolys© 

bromo-2-nitroaceto-a-naphthalide  with  alcoholic  ammonia  at  210° 

I   a   steel  tube  with    leaden    washers.     The    product,   when    pre- 
ipitated  with   water  and  crystallised   from   alcohol,   separated  in 

ell  fl.^r.nod,  silvery-grey   needles,  melting  at   224 — 226°,   and  con- 

5  u  2 


1710      MORGAN   AND   GODDEN :   THE   CONSTITUTION^OF  THE 

taining  only  4*9  per  cent,  of  nitrogen;  this  substance  was  also 
obtained  on  reducing  with  zinc  dust  and  ammonia,  some  impure 
specimens  of  4-bromo-2-nitro-a-naphthylamine. 

A-Bromo-\ :  ^-naphthylenediamine,  NH2*CiQH5Br'NH2,  was  pre- 
pared by  reducing  pure  4-bromo-2-nitro-a-naphthylamine  (XV)  with 
zinc  dust  and  ammonium  chloride  in  hot  dilute  alcohol,  the  reducing 
agent  being  slowly  introduced  until  the  colour  of  the  solution  was 
discharged.  The  filtered  solution  was  poured  on  to  ice,  and  the 
precipitate,  when  crystallised  from  benzene,  separated  in  yellowish 
needles,  melting  at  104 — 106° : 

0-1487  gave  14-95  c.c.  Ng  at  18°  and  755  mm.     N  =  11-53. 
0-2124     „       0-1672  AgBr.     Br  =  33-49. 

CioHgNgBr  requires  N  =  ll-81;  Br  =  33-74  per  cent. 

"When  dissolved  in  Lenzene  containing  triethylamine  and  treated 
with  benzenesulphonyl  chloride  at  90 — 100°,  4-bromo-l :  2-naph- 
thylenediamine  undergoes  acylation  in  the  )8-amino-group  only,  the 
product  (m.  p.  167 — 168°)  being  identical  with  2-benzenesulphonyl- 
4-bromo-l :  2-naphthylenediamin6  (VI,  p.  1704).  This  result  con- 
firms the  constitutional  formula  (loc.  cit.)  ascribed  to  this  acylated 
diamine. 

2-Benzenesulphonpl-4:-bromonaphthi/lene-l-diazo-2-imide  (IX, 

p.  1704). 

When  dissolved  in  cold  alcohol  and  treated  successively  with 
concentrated  hydrochloric  acid  (0-5  c.c.)  and  amyl  nitrite  (0-15 
gram),  2-benzenesulphonyl-4-bromo-l :  2-naphthylenediamine  (0-5 
gram)  furnishes  a  violet  precipitate  which,  after  crystallisation  from 
ethyl  acetate  and  alcohol,  separated  in  colourless,  lustrous  needles, 
melting  at  209° : 

0-1579  gave  0-2874  COg  and  0-0356  HgO.     C  =  49-64;  H  =  2-50. 
0-2048     „  19-2  c.c.  Ng  at  16°  and  748-5  mm.     N  =  10-76. 
0-2452     „     0-1176  AgBr.     Br  =  20-41. 

Ci6Hio02N3BrS  requires  C  =  49-48;    H  =  2-58;   N  =  10-82; 
Br  =  20-62   per  cent. 

This  diazoimide  was  produced  from  both  preparations  of 
2-benzenesulphonyl-4-bromo-l :  2-naphthylenediamine,  namely,  that 
obtained  by  acylating  4-bromo-l :  2-naphthylenediamine,  and  the 
other  resulting  from  the  bromination  of  2-benzenesulphonyl- 
1 :  2-naphthylenediamine.  The  identical  results  obtained  establish 
the  constitution  of  the  diazoimide. 

Benzenesulphon7/lA-bromo-a-naphthi/lamine, 
CiolIoBr-NH-S02-CcIl5, 
was  prepared  by  the  following  methods. 
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(1)  4-Broino-a-naphthylamine,  obtained  by  brominating  aceto- 
a-naphthalide  and  hydrolysing  the  bromo-derivative  with  concen- 
trated aqueous  potassium  hydroxide,  could  not  be  converted  into  its 
benzenesulphonyl  derivative  by  either  the  Schotten-Baumann  re- 
action or  Witt  and  Schmitt's  method  (p.  1714).  This  acylation  was, 
however,  readily  effected  by  mixing  molecular  proportions  of  the 
base  and  benzenesulphonyl  chloride  in  warm  dehydrated  pyridine, 
the  solution  being  boiled  for  three  hours.  The  product  was  extracted 
successively  with  cold  dilute  hydrochloric  acid  and  warm  aqueous 
potassium  hydroxide,  the  benzenesulphonyl  derivative  being  pre- 
cipitated from  the  cooled  alkaline  extract  by  dilute  acetic  acid. 

When  crystallised  from  alcohol,  benzenesulphonyl-4-bromo- 
a-naphthylamine  separated  in  colourless  needles  with  a  violet  tinge, 
the  melting  point  being  148 — 149° ;  the  yield  was  about  85  per  cent, 
of  the  calculated  amount : 

0-3572  gave  127  c.c.  Ng  at  23°  and  767  mm.     N  =  4-04. 
0-4684     „       0-2445  AgBr.     Br  =  22-21. 

CieHjoOgNBrS  requires  N  =  3-87;  Br  =  22-10   per  cent. 

(2)  Benzenesulphonyl4-bromo-a-naphthylamine  was  subsequently 
prepared  by  the  direct  bromination  of  benzenesulphonyl-o-naph- 
thylamine,  this  compound,  like  its  )8-isomeride,  being  produced  by 
Witt  and  Schmitt's  method  (p.  1714).  The  bromination  was  effected 
in  warm  glacial  acetic  aoid,  when  pure  benzenesulphonyl-4-bromo- 
a-naphthylamine  separated. 

Benzenesul'phonyl-2-nitroA-hromo-a-na'phthylamine, 
CioH5Br(N02)'NH-SOoPh, 
was  obtained  in  almost  quantitative  yield  by  shaking  for  two  hours 
a  mixture  of  two  parts  of  the  foregoing  benzenesulphonyl  derivative, 
one  part  of  nitric  acid  (D  1-42),  and  8 — 9  parts  of  glacial  acetic 
acid.  When  crystallised  from  alcohol,  the  product  separated  in 
clusters  of  transparent,  prismatic  needles,  softening  at  195°  and 
melting  at  198°: 

0-3302  gave  198  c.c.  Ng  at  26°  and  769  mm.     N  =  6-74. 

0-4535     „      0-2075  AgBr.     Br  =  1946. 

0-2463     „      01333  BaSO^.     S  =  7-43. 

CiaHjiO^NgBrS  requires  N  =  6-88;  Br  =  19-65;  8  =  786  percent. 

This  nitrocompound  was  suspended  in  about  30  parts  of  boiling 
2  per  cent,  acetic  acid,  and  reduced  with  excess  of  iron  filings. 
After  neutralising  the  solution  with  sodium  carbonate,  the  insoluble 
residue  was  extracted  with  alcohol. 

^  fiemeneaiUphonylA-bromo-l  :  2-naphthylenediamine, 
C,„H5Br(NH2)-NH-S02Ph, 
waa  precipitated  by  water   from  the   alcoholic  filtrate   in    almost 
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colourless   plates,   and   crystallised   from   acetic    acid  in   colourless 
needles,  melting  and  decomposing  at  220°  (yield,  75  per  cent.) : 

0-3128  gave  21-5  c.c.  Ng  at  25°  and  764  mm.     N  =  7-71. 

0-3910     „       0-1929  AgBr.     Br  =  20-99. 

CicHigOgNsBrS  requires  N  =  7-43j   Br  =  21-22  per  cent. 

This  base  was  converted  into  the  diazoimide  (XVI)  by  adding 
successively  to  its  alcoholic  solution  hydrochloric  acid  and  amyl 
nitrite.  On  shaking,  a  white  precipitate  slowly  separated,  which, 
after  crystallisation  from  alcohol  and  finally  from  benzene,  melted 
at  159—160°: 

0-1427  gave  0-2569  COg  and  00361  H^O.     C  =  49-09;  H  =  2-81. 

0-2000     „  19-1  c.c.  Ng^t  20°  and  744  mm.     N  =  10-70. 

0-4051     „     0-1937  AgBr.     Br  =  20*35. 

CieHioOgNgBrS  requires  C  =  49-48;    H  =  2-58;    N  =  10-82; 
Br  =  20-62  per  cent. 

It  was  found  impossible  to  remove  bromine  from  this  compound 
without  producing  destructive  changes  leading  to  ill-defined 
products. 

The  Displacement  of  the  Benzenesulphonyl  Group  in  1-Benzene- 
sulphonyl-4i-hromonaphthylene-2-diazo-\-imide  (compare  dia- 
gram on  p.  1705). 

The  five-membered  triazole  ring  in  the  two  isomeric  benzene- 
sulphonyl-4-bromonaphthylenediazoimides  (IX  and  XVI),  like  that 
in  the  benzenesulphonyl  derivatives  of  1:2-  and  2  :  3-naphthylene- 
diazoimines  (pp.  1715,  1718),  does  not  undergo  fission  when  the 
foregoing  compounds  are  mixed  with  cold  concentrated  hydrochloric 
acid,  but  the  acyl  groups  in  thege  two  isomerides  are  not  held 
equally  firmly  in  their  respective  triazole  rings. 

2-Benzenesulphonyl-4-bromonaphthylene-l-diazo-2-imide  is  not 
affected  by  warming  with  acetic  anhydride  or  alcohol,  and  when 
crystallised  from  alcohol  it  remains  unchanged  at  the  ordinary 
temperature  for  an  indefinite  time.  l-Benzenesulphonyl-4-bromo- 
naphthylene-2-diazo-l-imide,  on  the  contrary,  readily  loses  its  acyl 
group.  When  containing  a  trace  of  alcohol,  a  specimen  of  this 
substance  slowly  becomes  viscid  at  the  ordinary  temperature,  and 
the  product,  after  crystallisation  from  alcohol,  separates  in  colour- 
less leaflets,  containing  no  sulphur,  and  melting  indefinitely  at 
about  296° : 

0-0850  gave  12-1  c.c.  No  at  17°  and  772*5  mm.     N  =  16-81. 

01370     „       0-1030  AgBr.     Br  =  31-99. 

CjoHoNgBr  requires  N  =  16-93;  Br  =  32-25  per  cent. 

That  this  substance  is  i-hromonaphthylene-l-diazo-2-iinine  (X)  is 
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proved  by  preparing  it  directly  from  4-bronio-l :  2-naphthylene- 
diamine  and  by  benzene-sulphonating  it,  when  the  more  stable 
2-benzenesulphonyl-4-bromonaphthylene-l-diazo-2-imide  (IX)  is  pro- 
duced. This  2-benzenesulphonyl  derivative  undergoes  hydrolysis 
with  boiling  alcoholic  soda,  and  is  again  converted  into  4-bromo- 
1 :  2-naphthylene-l-diazo-2-imine. 

An  acetylated  diazoimide,  4:^bromo-2-acetylna'phthylene-\-diazo- 
1-imide, 

was  obtained  by  boiling  l-benzenesulphonyl-4-bromonaphthylene- 
2-diazo-l-imide  with  acetic  anhydride  for  three  minutes;  it  crys- 
tallised from  this  solution  in  well-defined,  colourless  needles,  melting 
at  158°: 

0150o  gave  186  c.c.  Ng  at  22°  and  760  mm.     N  =  14-00. 
CjoHgONgBr  requires  N'  =  14*48  per  cent. 

The  position  of  the  acetyl  group  was  ascertained  by  dissolving 
4-bromonaphthalene-l-diazo-2-imine  (m.  p.  296°)  in  glacial  acetic 
acid  containing  acetic  anhydride,  and  boiling  the  solution  for  one 
hour.  On  cooling,  small,  colourless  needles  separated,  which  melted 
at  158°,  and  did  not  depress  the  melting  point  of  the  preceding 
preparation. 

The  Direct  Conversion  of  l-Benzenesvl'phonylA-hromona'phthylene- 
2-dmzo-l-im.ide  into  2-Benzenesul-phonylA-hromon<i'phthylene- 
1  -diazo'2-imide. 

The  less  stable  isomeride  melting  at  156°  (XVI)  was  dissolved  in 
dry  benzene,  and  the  solution  boiled  for  two  hours  with  excess  of 
triethylamine  and  benzenesulphonyl  chloride.  The  solution  was 
left  to  evaporate  at  the  ordinary  temperature,  and  the  residue 
extracted  with  alcohol,  four  fractions  being  collected  The  first  two 
fractions  melted  at  286°,  and  were  identified  as  4-bromonaphthylene- 
l-diazo-2-imine ;  the  last  two  melted  at  209°,  and  were  identified 
as  2-benzenesulphonyr-4-bromonaphthylene-l-diazo-2-imide.  These 
results  show  that  the  1 -benzenesulphonyl  derivative  is  partially  trans- 
formed by  benzenesulphonyl  chloride  into  the  isomeric  2-benzene- 
sulphonyl derivative,  whilst  the  substance  remaining  unchanged  is 
hydrolysed  by  the  alcohol  used  in  the  extraction. 
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II. — The     Isomeric     Benzene  sulphonyl-!  :  2-naphthylenediazo- 

imides, 

Benzenesulphonyl-jS-naphthylamine  (m.  p.  104 — 105°),  the  start- 
ing point  in  the  preparation  of  the  former  of  these  isomerides 
(VIII),  was  obtained  by  Witt  and  Schmitt's  method  {Ber.,  1894, 
17,  2371)  from  )8-naphthylamine,  benzenesulphonyl  chloride,  and 
anhydrous  sodium  acetate,  the  product  being  purified  through  its 
sodium  salt  and  crystallisation  from  alcohol  or  benzene. 

Benzenesul'phonyl-l-nitro-fi-na'phthylamine^ 
NOg-CioHe-NH-SOgPh, 
is  produced  by  shaking  together  the  foregoing  sulphonamide  and 
a  slight  excess  of  nitric  acid  (D  1'42)  diluted  with  5  parts 
of  warm  glacial  acetic  acid,  the  reaction  being  completed  after 
one  or  two  hours.  The  precipitated  nitro-compound,  when 
crystallised  repeatedly  from  hot  glacial  acetic  acid,  melts  at  155 '5° 
(yield  about  90  per  cent.)  : 

0-2467  gave  17-7  c.c.  Ng  at  20°  and  772-5  mm.     N  =  8-36. 

0-3289     „       0-2276  BaS04.     S  =  9-46. 

0-3534     „       0-2443  BaSO^.     S  =  9-48. 

C16H12O4N2S  requires  N  =  8-53;  S  =  9-75   per   cent. 

2-Benzenesulphonyl-l :  2-naphthylenediamine  (V). 

The  above  nitro-compound  was  reduced  most  effectively  by  adding 
slowly  excess  of  iron  filings  to  the  substance  suspended  in  hot  2  per 
cent,  hydrochloric  acid.  After  neutralising  with  sodium  carbonate, 
the  insoluble  residue  was  extracted  with  alcohol,  and  the  base  pre- 
cipitated from  the  filtrate  by  diluting  with  water.  The  product 
separated  from  alcohol  in  white  needles,  and  from  glacial  acetic 
acid  in  stout  prisms  (yield  50  to  60  per  cent.) : 

0-2759  gave  22-8  c.c.  Ng  at  25°  and  768  mm.     N  =  9-32. 

0-3900     „       0-2891  BaS04.     S  =  10-27. 

C16H14O2N2S  requires  N  =  9-39;  S  =  10-73  per  cent. 

The  purified  base  melts  and  decomposes  at  215°,  and  rapidly 
darkens  on  exposure  to  air. 

The  formyl  derivative  obtained  by  warming  the  base  with  slightly 
diluted  formic  acid  crystallised  from  water  in  colourless  leaflets, 
melting   at    176—177°. 
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2-Benzenesul'phonylna'phthylene-l-diazo-2-imide    (VIII). 

The  somewhat  -unstable  character  of  the  preceding  base  was 
manifested  by  the  behaviour  of  its  hydrochloride  towards  amyl 
nitrite  in  alcoholic  solution,  when  the  diazoimide  produced  was 
discoloured  by  a  violet  decomposition  product.  A  more  satisfactory 
result  was  obtained  by  dissolving  the  base  in  glacial  acetic  a<;id, 
and  adding  successively  an  equal  weight  of  concentrated  hydro- 
chloric acid  and  rather  more  than  the  calculated  amount  of  20  per 
cent,  aqueous  sodium  nitrite.  The  product,  which  was  partly 
deposited  and  partly  precipitated  after  dilution  with  water,  crys- 
tallised from  alcohol  or  glacial  acetic  acid,  and  melted  with 
decomposition  at  175 — 176°: 

0-0878  gave  01991  COg  and  0-0289  HgO.     C  =  61-84;  H  =  3-65. 

0-0886     „  11-0  c.c.  Ng  at  25°  and  764  mm.     N  =  13-93. 

0-3660     „     0-2660  BaSO^.     S  =  9-98. 

C16H11O2N3S   requires  C  =  62-13;  H  =  3-56;    N  =  13*59; 
S  =  10-35  per  cent. 

The  diazoimide  is  very  soluble  in  ethyl  acetate,  but  dissolves  only 
sparingly  in  benzene  and  other  dry  solvents. 

\-Benzenesidfhonylna'phthylene-2-diazo-\-i'rmde. 

Benzene8ulphonyl-2 :  ^-dinitro-a-na'phthylamine, 
CjoH5(N02)2-NH-S02Ph, 
was  produced  by  nitrating  benzenesulphonyl-a-naphthylamine  with 
a  moderate  excess  (25  mols.)  of  nitric  acid  (D  142)  in  five  parts 
of  glacial  acetic  acid.  Usually  the  reaction  proceeded  in  the 
cold  even  when  the  acyl  derivative  was  merely  suspended  in  the 
diluent,  but  sometimes  the  mixture  required  warming.  The 
addition  of  a  few  drops  of  alcohol  also  served  to  accelerate  the 
change. 

When  crystallised  from  alcohol,  the  dinitro-compound  separated 
in  felted  masses  of  pale  yellow  needles,  melting  at  185 — 186°: 

0-1966  gave  191  c.c.  Ng  at  23°  and  7555  mm.     N  =  10-88. 

0-3341     „      0-2113  BaSOi.     S  =  8-68. 

CigHiiOeNgS  requires  N  =  11-26;  8  =  857  per  cent. 

The  position  of  one  nitro-group  in  this  compound  was  determined 
by  preparing  the  substance  from  benzenesulphonyl-4-nitro-o-naph- 
thylamine*  by  treatment  with  nitric  acid  (D  142)  diluted  with 
glacial  acetic  acid,  as  in  the  preceding  experiment. 

T  li!^  compound,  which  is  readily  prejiared  by  adding  btiizenesulplionyl  chloride 
:'l>yridino  solution  of  4-nitro>a-naphthylannDe,  ha.s  now  been  found  to  melt 
't  173",  the  molting  point  (158°)  previoqaly  given  being  too  low  (Trans.,  1905,  87, 
928). 
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The  position  of  the  second  group  was  ascertained  by  hydrolysing 
the  dinitro-compound.  This  process  was  carried  out  in  two  ways. 
Prolonged  boiling  with  alcoholic  sulphuric  acid  removed  the  acyl 
group,  leaving  2 :  4-dinitro-a-naphthylaniine,  crystallising  in  yellow 
needles,  and  melting  at  235—238°  (Meldola,  Ber.,  1886,  19,  2683; 
Hiibner,  Annalen,  1881,  208,  330).  More  drastic  hydrolysis  with 
alcoholic  soda  led  to  the  replacement  of  the  whole  benzenesulphonyl- 
amino-group,  CgHg'SOg'NH,  by  hydroxyl  with  the  formation  of 
2 :  4-dinitro-a-naphthol  (m.  p.  143°).  These  reactions  demonstrate 
conclusively  the  constitution  of  benzenesulphonyl-2 :  4-dinitro- 
a-naphthylamine. 

\-Benzenesulp1ionyl-\  :  2  :  A-triaminonaphthalene    (XXII). 

The  reduction  of  the  preceding  dinitro-compound  presented  con- 
siderable difficulty,  owing  to  the  very  oxidisable  nature  of  the  result- 
ing triamine.*  The  best  results  were  obtained  by  reducing  the 
dinitro-compound  in  lots  of  2  grams  dissolved  in  50  c.c.  of  alcohol 
and  10  c.c.  of  water  containing  2  grams  of  ammonium  chloride. 
Fresh  zinc  dust  (4 — 5  grams)  was  added  rapidly,  and  the  mixture 
boiled  until  the  yellow  colour  of  the  solution  was  discharged,  the 
success  of  the  experiment  depending  on  the  rapidity  of  the  reduc- 
tion. The  solution  was  filtered  quickly  on  to  crushed  ice  in  an 
atmosphere  of  carbon  dioxide,  and  the  crude  triamine  which 
separated  was  purified  from  a  reddish-brown  by-product  by  extrac- 
tion with  toluene.  The  base  separated  from  toluene  or  chloroform, 
on  adding  light  petroleum,  in  felted,  colourless  needles,  which 
assumed  a  light  brown  colour  on  exposure  to  air: 

0-1108  gave  13-0  c.c.  Ng  at  20°  and  763  mm.     N  =  13-48. 

0-1585     „       0-1224  BaSO^.     S  =  10-60. 

CieHjsOgNgS  requires  N-=  13-41;  S  =  10-22  per  cent. 

1-Benzenesulphonyl-l :  2  :  4-triaminonaphthalene  melted  at  195 — 
197°,  and  dissolved  readily  either  in  acids  or  in  aqueous  alkali 
hydroxides,  being  reprecipitated  from  its  alkaline  solutions  by 
dilute  acetic  acid.  In  aqueous  solution  the  base  was  very  unstable, 
and  ferric  chloride  oxidised  it  to  a  red,  insoluble  substance. 

Conversion  of  \-Benzenesulphonyl-\  :  2 :  A-U'iaminona'phthalene  into 
l-Benzenesul'phonylna'phthylene-2-diazo-\-imide. 

After  many  unsuccessful  attempts  to  diazotise  1-benzenesulphonyl- 
1:2:  4-triaminonaphthalene  without  removing  the  acyl  group,  it 
was  finally  discovered  that  the  diazotisation  and  elimination  of  the 

*  The  authors  desire  to  express  their  thanks  to  Miss  F.  M.  G.  Micklethwait  f  m 
her  invaluable  assistance  in  the  later  stages  of  this  work. 
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diazo-group  could  be  effected  in  one  stage  by  operating  in  the 
following  manner.  The  triamine  (0'4  gram)  dissolved  in  30  c.c.  of 
alcohol,  containing  0'3  c.c.  of  concentrated  hydrochloric  acid,  was 
treated  with  excess  of  33  per  cent,  ethyl  nitrite  (3  c.c),  the  solution 
being  cooled  in  ice  and  salt.  After  fifteen  to  twenty  minutes,  the 
solution,  which  gave  no  azo-reaction  with  alkaline  ^naphthol,  was 
diluted  with  water.  The  dried  precipitate,  when  extracted  with 
petroleum  (b.  p.  100 — 120°),  separated  from  this  solvent  in  light 
orange  needles,  melting  at  159 — 161°: 

0-1386  gave  0-3150  CO,  and  00498  HoO.     C  =  61-97 ;  H  -  3-99. 
0-1070     „  13-2  c.c.  No" at  24°  and  760  mm.     N  =  13-80. 
0-2190     „     0-1646  BaSO^.     S  =  10-32. 

C16H11O2N3S  requires   C  =  62-13;   H  =  3-56;    N  =  13-59; 
8  =  1035  per   cent. 

l-Benzenesidphonylnaphthi/lene-2-diazo-l-i'mide  (XXlll)  loses  its 
acyl  group  fairly  readily,  and  the  crude  product  of  the  preceding 
experiment  always  contains  a  certain  amount  of  1 :  2-naphthylene- 
diazoimine,  which  remains  insoluble  on  extracting  with  petroleum. 
This  diazoimine  depresses  the  melting  point  of  its  isomeride,  .and 
differs  from  it  in  the  ease  with  which  it  loses  its  acyl  group.  When 
■fanned  with  alcohol,  this  hydroljrtic  change  occurred,  and  the  final 
product,  which  was  then  entirely  soluble  in  aqueous  sodium 
hydroxide,  melted  over  a  considerable  range  of  temperature 
(160 — 190°),  and  thus  resembled  the  mixed  diazoimines  obtained 
from  1 :  2-naphthylenediamine  (p.  1719). 

A^-Iodo-a-naphthylamine,  CioHgI'NH2. 

Many  unsuccessful  attempts  were  made  to  prepare  benzene- 
8ulphonyl-2-nitro-a-naphthylamine.  In  one  of  these,  4-nitro- 
a-naphthylamine  was  taken  as  the  starting  point,  and  converted 
through  the  diazo-reaction  into  4-iodo-l-nitronaphthalene  (Meldola. 
1  rans.,  1885,  47,  497).  This  compound  was  then  reduced  with  zinc 
dust  and  glacial  acetic  acid,  the  4-iodo-a-naphthylamine  being 
obtained  in  the  form  of  its  colourless  sulphate.  The  base  itself  was 
isolated  by  shaking  this  salt  with  chloroform  and  aqueous  ammonia, 
when  the  organic  solvent  removed  the  base,  which  is  unstable  in  a 
moist  condition.  The  chloroform  extract  was  quickly  dried  with 
calcium  chloride,  and  the  4-iodo  a-naphthylamine  precipitated  by 
the  addition  of  light  petroleum  in  colourless  needles,  having  a  pink 
tinge;  further  darkening  occurred  on  exposure  to  moist  air: 

0-4032  gave  17-3  c.c.  Ng  at  17°  and  7725  ram.     N  =  5-06. 

0-2352     „       0-2042  Agl.     1  =  46-92. 

CioHgNl  requires  N  =  5-20;  1  =  47-21   per  cent. 
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4-Iodo-a-naphthylamine  melts  and  decomposes  at  82 — 84°,  and 
slowly  becomes  resinous  even  at  the  ordinary  temperature.  It  was 
too  unstable  to  undergo  acylation  with  benzenesulphonyl  chloride. 

Benzenesul'phonylna'ph,thylene-2  :  S-diazoimide, 
p    XT  /  I  2 P 

2 :  3-Naphthylenediamine  (m.  p.  195°)  was  prepared  by  heating 
2 :  3-dihydroxynaphthalene  with  10  parts  of  concentrated  ammonia 
for  twelve  hours  at  240°.  In  successful  experiments  the  yield  was 
very  good,  but  comparatively  few  glass  tubes  could  be  obtained 
sufficiently  strong  to  withstand  the  very  high  pressures  attained  at 
this  temperature.  At  lower  temperatures  the  product  was  mixed 
with  3-amino-j8-naphthol,  whilst  in  steel  tubes  at  higher  tem- 
peratures the  metal  seemed  to  exert  some  reducing  action  on  the 
diamine,  which  was  thus  rendered  very  impure. 

Naphthylene-2  :  3-diazoimine,  produced  by  adding  the  calculated 
amount  of  aqueous  sodium  nitrite  to  a  solution  of  the  diamine  in 
very  dilute  hydrochloric  acid,  separated  as  a  yellow  precipitate, 
which  was  purified  through  its  sodium  salt  and  by  crystallisation 
from  light  petroleum  (compare  Friedlander  and  Zakrzewski,  Ber., 
1894,  27,  764). 

This  diazoimine  can  be  benzene-sulphonated  by  the  Schotten- 
Baumann  reaction.  The  product  separated  as  a  crystalline  pre- 
cipitate,  and  was  extracted  with   petroleum. 

Benzenesulphonylnaphthylene  -2:3-  diazoimide  crystallised  in 
colourless  needles,  which  gradually  assumed  an  orange  tinge;  it 
melted  at  156—158°: 

0-1050  gave  12-5  c.c.  N2  at  17°  and  758  mm.     N  =  13-78. 

0-1492     „       0-1146  BaSO^.     S  =  10-56. 

Ci6Hi]02N3S  requires  N  =  13-59;  S  =  10-35  per  cent. 

The  alkaline  filtrate  from  the  benzenesulphonylnaphthylene- 
2 :  3-diazoimide  was  acidified  with  dilute  acetic  acid,  when  some 
unchanged  naphthylene-2 :  3-diazoimine  was  recovered,  which 
melted  sharply  at  187°. 

These  experiments  indicate  that  2 :  3-naphthylenediamine  yields 
a  homogeneous  diazoimine,  which  in  turn  g^ives  only  one  benzene- 
sulphonyl derivative. 

III.  l^he  Isomeric  1  :  ^-Naphthylenediazoimines, 
C  TT  ^^2  •  •  .  .  a  .^Yi.  ...  a 
^io^«<NH    .  .  .    /?  GioH6<;t!f^ ^- 

On  treatment  with  nitrous  acid  or  ethyl  or  amyl  nitrite  in  acid 
solutions,   1 :  2-naphthylenediamine  behaves  quite  differently  from 


ORTHO-DIAZOIMINES.      PART    I.  1719 

its  isomeride,  2 :  S-naplitliylenediamine ;  for  whereas  the  latter 
gives  rise  to  one  homogeneous  substance,  2 :  3-naphthylenediazo- 
imine,  the  former  diamine  yields  a  mixed  product  melting  over  a 
considerable  range  of  temperature.  The  earlier  experiments  were 
made  with  the  sparingly  soluble  1 :  2-naphthylenediamine  sulphate, 
this  salt  being  suspended  in  cold  glacial  acetic  acid  and  treated 
with  excess  of  20  per  cent,  sodium  nitrite.  The  salt  dissolved  to 
a  brownish-yellow  solution,  and  the  best  preparations  of  diazoimine 
were  obtained  by  pouring  this  liquid  into  ice-cold  water  and  partly 
neutralising  the  acid  with  dilute  ammonia.  The  crude  pale 
brownish-yellow  product  sintered  at  158°,  and  melted  at  174°: 
0-1018  gave  21-0  c.c.  N,  at  17°  and  772  mm.     N  =  24-34. 

C10H-N3  requires  N  =  24-85  per  cent. 
Another  preparation  was  obtained  by  mixing  the  sulphate  inti- 
mately with  20  per  cent,  aqueous  sodium  nitrite  and  adding  the 
mixture  to  glacial  acetic  acid.     The  granular,  pale  brown  precipitate 
which  separated  softened  at  260°  and  melted  at  285° : 
01636  gave  35-2  c.c.  Ng  at  18°  and  746  mm.     N  =  24-38. 
This   analysis   indicates    that    the     two    preparations,    although 
differing  considerably  in  melting  point,  are  nevertheless  isomeric; 
they  both   dissolve  in   aqueous  sodium   hydroxide,   and  are   repre- 
cipitated    by    acids  in   an   almost    colourless  condition.     As    these 
products  appeared  to  be  mixtures,  an  attempt  was  made  to  separate 
their   constituents   by   extraction  with    anhydrous  benzene,  and  a 
soluble  portion,  sintering  at  150 — 160°,  and  melting  indefinitely  at 
-"0 — 180°,    was    separated    from    an   insoluble  part    sintering     at 
-60 — 270°  and  melting  at  280 — 285°.     Nitrogen  determinations  in 
these  fractions  showed,  however,   that   partial   decomposition   and 
loss  of  nitrogen  had  occurred. 

1 :  2-Naphthylenediamine  was  now  prepared  by  reducing  with 
stannous  chloride  the  azo-compound,  l-sulphobenzeneazo-)8-naphthyl- 
amine,  S02H*C6H4-N2'CioH7'NH2()3).  The  diamine  was  suspended 
in  alcohol,  and  treated  successively  with  concentrated  hydrochloric 
acid  and  ethyl  nitrite;  an  evanescent  green  coloration  developed, 
the  solid  passed  into  solution,  and  the  soluble  product  was  pre- 
cipitated fractionally  by  the  addition  of  iced  water  and  sodium 
chloride.  The  first  fraction  sintered  at  150 — 180°,  and  melted 
indefinitely  at  210 — 225°;  the  second  main  fraction  sintered  at 
100°,  melted  at  120°,  and  was  readily  soluble  in  benzene. 
These  fractions  were  treated  with  benzenesulphonyl  chloride  and 
triethylamine  in  dry  benzene.  The  first  fraction  yielded  an  ill- 
defmed  product,  the  second  gave  a  benzenesulphonyl  derivative 
melting  at  175 — 177°,  which  was  identical  with  2-benzenesulphonyl- 
naphthylene-2-diazo-l-imide,  as  indicated  by  mixed  melting  points. 
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The  diazotisation  of  1 :  2-naplithylenediamine  with  sodium  nitrite 
in  dilute  hydrochloric  acid  gave  a  diazoimine  melting  at  110 — 120°. 
This  product,  when  benzene-sulphonated,  also  yielded  2-benzen&- 
sulphonylnaphthylene-2-diazo-l-imide. 

The  Conversion  of  l-BenzenestdfJionyl-l :  2 :  ^-triaminonaphthalene 
into  the  Mixed  1 :  2-Naphthi/lenediazoimines. 

One  gram  of  the  triamine  dissolved  in  10  c.c.  of  concentrated 
sulphuric  acid,  diluted  with  5  grams  of  ice,  was  treated  with  0'6 
gram  of  solid  sodium  nitrite  at  —  5°  to  0°.  Five  grams  of  ice  were 
then  added,  and  the  diazonium  sulphate  precipitated  with  cooled 
alcohol  and  ether.  The  pale  yellow  salt  was  washed  with  ether  and 
divided  into  two  parts;  one  was  boiled  with  alcohol  alone,  and 
the  other  with  alcohol  containing  finely  divided  copper  powder. 
In  the  latter  case  the  diazonium  salt  was  rapidly  decomposed,  and 
on  cooling  and  diluting  the  solution  deposited  a  diazoimine  soluble 
in  aqueous  sodium  hydroxide,  and  melting  at  185°.  The  diazonium 
salt,  when  boiled  with  alcohol  alone,  resisted  decomposition  for  a 
much  longer  time,  and  on  cooling  and  diluting,  a  diazoimine  soluble 
in  aqueous  sodium  hydroxide  was  obtained,  but  in  this  case  melting 
at  265°: 

0-1110  gave  23-9  c.c.  Ng  at  749  mm.  and  19°.     N  =  24-38. 
C10H7N3  requires  N2  =  24-85  per  cent. 

This  experiment  was  repeated  several  times,  and  similar  products 
were  obtained,  with  melting  points  ranging  from  180°  to  270°. 

The  Benzenesulphonyl  Derivatives  from  the  Mixed 
1 :  2-Na'phthylenediazoimines. 

The  mixed  1 :  2-naphthylenediazoimines  (m.  p.  180°  and  270°), 
prepared  from  1-benzenesulphonyI-l :  2  :  4-triaminonaphthalene, 
when  warmed  with  benzenesulphonyl  chloride  in  dry  teluene  con- 
taining excess  of  triethylamine,  yielded  a  benzenesulphonyl 
derivative,  melting  at  175 — 177°,  which  was  identical  with 
2-benzenesulphonyl-l-diazo-2-imide  obtained  directly  from  2-benzeue- 
8ulphonyl-l :  2-naphthyIenediamine. 

The  mixed  1 :  2-naphthylenediazoimines  obtained  from  1 :  2-naph- 
thylenediamine  were  converted  into  the  benzenesulphonyl  derivatives 
by  treatment  with  benzenesulphonyl  chloride  and  triethylamine  in 
boiling  teluene.  The  product  was  separated  into  two  fractions,  one 
separating  from  the  toluene  together  with  the  triethylamine  hydro- 
chloride, the  other  remaining  in  solution. 

The  less  soluble  fraction  was  crystallised  from  light  petroleum 
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/b.  p.  80 100°),  and  was  then  found  to  be  identical  with  2-benzene- 

sulphonyl-l-diazo-2-imide  (m.  p.  177°)  : 

0-^402  gave  0-1066  BaSO^.     S  =  10-44. 

0-1000     „  12-1  c.c.  No  at  19-5°  and  750  mm.     N  =  13-70. 
Ci6Hn02N3S  requires  8  =  10-35;  N  =  13-59  per  cent. 

The  more  soluble  fraction,  after  recrystallisation  from  light 
petroleum  (b.  p.  80 — 100°),  separated  in  a  mass  of  small,  almost 
colourless  crystals,  melting  somewhat  indefinitely  at  157 — 160°: 

0-1662  gave  0-1290  BaSO^.     S  =  10-63. 
0-1072     „  12-8  c.c.  Ng  at  17°  and  742  mm.     N  =  13-53. 
CieHuOaNgS  requires  S- 10-35;  N  =  13*59  per  cent. 

These  analyses  indicate  that  the  more  fusible  product,  obtained 
by  benzene-sulphonating  the  mixed  1 :  2-naphthylenediazoimines,  is 
isomeric  with  the  less  fusible  product,  2-benzenesulphonyl-l-diazo- 
2-imide. 

Comparison  of  this  more  fusible  product  with  1-benzenesulphonyl- 
naphthylene-2-diazo-l-iraide  (p.  1715)  showed  that  the  former 
depresses  the  melting  point  of  the  latter,  and  is  probably  a  mixture 
of  the  two  isomeric  benzenesulphonyl-1 :  2-naphthylenediazoimides. 

This  view  is  confirmed  by  experiments  made  on  the  action  of 
benzenesulphonyl  chloride  on  1-benzenesulphonylnaphthylene- 
2-diazo-l-imide  in  the  presence  of  triethylamine.  When  these 
reagents  are  heated  together  in  dry  toluene,  the  product  is  evidently 
a  mixed  benzenesulphonyl  derivative  corresponding  with  the  more 
fusible  fraction  obtained  from  the  mixed  1 :  2-naphthylenediazo- 
imines.  It  is  evidently  impossible  to  separate  the  two  benzene- 
sulphonyl derivatives  by  fractional  crystallisation  from  petroleum, 
benzene,  or  other  solvents,  as  the  crystals  obtained  invariably 
consist  either  of  the  less  fusible  2-benzenesulphonylnaphthylene- 
l-diazo-2-imide  (m.  p.  177°)  or  of  mixtures  of  this  isomeride  with 
l-benzenesulphonylnaphthylene-2-diazo-l-imide. 

The  Isomeric  Phenyl-\  :  l-diazoiminona'phthalenea. 

The  foregoing  experiments  having  shown  that  two  isomeric  diazo- 
iinines  are  possible  corresponding  with  the  formulas  XXXI  and 
XXXII,  an  attempt  was  made  to  synthesise  the  latter  from  the 

.N:N  ^ NPh  /— N^ 

<  I  /\  X     I  >N  Pi' 

Vn:n         /  V  Vn 


<xxxi.)  (xxxir.)  (.x.xxiii.) 

base  described  by  A.  Harden  as  1-phenyl-l :  2-naphthylenediamine 
(»er.,   1886,  19,   343;   Annalen,  1889,   255,   161).      The    product 
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obtained  by  this  author's  process  did  not  correspond  in  composition 
with  this  diamine,  and  it  was  not  affected  by  nitrous  acid  or  amyl 
nitrite. 

The  isomeride  (XXXI)  has  already  been  described  by  Ziocke 
and  Campbell  {Annalen,  1889,  255,  344);  it  was  prepared  for 
purposes  of  comparison  by  adding  20  per  cent,  aqueous  sodium 
nitrite  to  a  glacial  acetic  acid  solution  of  the  purified  hydrochloride 
of  2-phenyl-l :  2-naphthylenediamine  (m.  p.  138 — 140°).  After 
repeated  crystallisation  from  benzene,  the  colourless  product  melted 
at  143—144°.  (Found,  C  =  78-09;  H  =  4-76;  N  =  16-67.  Calc, 
C  =  78-36;  H  =  4-40;  N  =  17-14  per  cent.) 

During  the  course  of  this  investigation,  Noelting,  Grandmougin, 
and  Freimann  {Ber.,  1909,  42,  1377)  have  given  the  formula 
XXXII  to  a  diazoimine  obtained  as  a  by-product  in  the  reduction 
of  benzene-2-azo-o-naphthyl  benzoate  and  the  alkyl  ethers  of  benzene- 
2-azo-a-naphthol.  This  mode  of  formation  does  not,  however,  afford 
definite  evidence  of  the  constitution  of  the  diazoimine. 

In  addition  to  these  diazoimines  (XXXI  and  XXXII),  a  third 
isomeric  triazole  (XXXIII)  was  formerly  obtained  by  Zincke  and 
Lawson,  who  prepared  it  by  oxidising  benzeneazo-)8-naphthyIamine 
{Ber.,  1885,  18,  798  and  3132).  The  relationship  of  these  isomeric 
triazoles  is  still  under  investigation  (Proc,  1910,  26,  151). 

The  authors  desire  to  express  their  thanks  to  the  Research  Grant 
Committees  of  the  Royal  Society  and  Chemical  Society  for  grants 
which  have  partly  defrayed  the  expenses  of  this  investigation. 

Royal  Collkge  of  Science,  London, 
South  Kensington,  S.W. 


CLXXXII. — Action  of  Light  on  the  Stereoisonietic  Fiper- 
ojiylideneacetones  and  on  other  Unsaturated 
Ketones. 

By  Hans  Stobbe  and  Forsyth  James  Wilson. 

In  a  recent  paper  {Annalen,  1910,  374,  237)  we  have  shown 
that  isomeric  ketones  of  the  type  of  benzylidenedeoxybenzoin, 
Ar'CHICPh'COPh,  can  be  converted  into  one  another  by  heating 
them  to  their  melting  points  and  above,  by  the  action  of  traces 
of  hydrochloric  acid,  or  by  the  action  of  sunlight  on  their  benzene 
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solutions  in  presence  of  iodine.     These  transformations  lead  to   a 
st^te  of  equilibrium  which,   for  example,  in   the   case  of  the   two 
stereoisomeric  o-nitrobenzylidenedeoxybenzoins  A  and  B : 
NO,.C,H,.CH  ^^j  NO,-C,H,-CH 

CeH.-CO-C-CsH.  CeHj-C-CO-Cgfls 

can  be  represented  by  the  scheme: 

Ketone  A         7^         isoKetone  B. 
Dark  yellow.  Light  yellow. 

The  equilibrium  for  the  three  isomeric  yellow  ^nitrobenzylidene- 
deoxybenzoins  A,  B,  and  C  can  be  illustrated  diagrammatically  as 
follows : 

(/soKetone)  B  — —         >  C  (oZ^oKetone) 

On  account  of  these  results,  we  thought  it  advisable  to  study,  on 
these  lines,  other   unsaturated   ketones   of   the  benzylideneacetone 
and  benzylideneacetophenone  series.     The  ketones  first  investigated 
were  the  two  stereoisomeric  piperonylideneacetones : 
CH,:Oo:CeH3-CH  ^^j  CH2:0,-CeH3.CH 

CHg-CO-CH  HC-CO-CH, 

which  were  first  prepared  by  Haber  {Ber.,  1891,  24,  618).  We 
designate  them  with  the  letters  A  and  B.  The  ketone  A,  obtained 
synthetically  from  piperonal  and  acetone,  is  yellow,  and  melt-s  at 
107°;  the  woketone  B  (m.  p.  111°),  obtained  from  A  by  crystallisation 
from  a  quantity  of  boiling  water  insufficient  to  dissolve  it  entirely, 
is  white.  While  therefore  under  these  conditions  (at  about  100°) 
the  yellow  ketone  A  is  converted  into  the  white  ketone  B,  the 
Moketone  B  is  transformed,  as  Haber  has  already  shown,  into  the 
ketone  A  by  heating  to  190°. 

The  following  experiments  were  made  in  order  to  ascertain  how 
the  two  ketones  behave  towards  light. 

Experiment  I. — A  solution  of  the  yellow  piperonylideneacetone 
M  grams)  in  a  solution  of  iodine  in  benzene  (01  gram  of  iodine 
1  100  grams  of  benzene)  was  exposed  to  the  action  of  direct 
sunlight  for  five  weeks  in  March  and  April;  it  gradually  became 
d&rker  in  colour.  After  shaking  with  sodium  thiosulphate  solution 
to  remove  the  iodine,  and  evaporation,  a  dark  mass  was  obtained 
which,  after  recrystallisation  from  alcohol  in  the  presence  of  animal 
charcoal,  yielded,  in  addition  to  much  unaltered  ketone  A,  only 
0*7  gram  of  the  white  z^oketone  B. 

Experirrunt  II. — A  solution  of  the  white  isoketone  B  (12  grams) 
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in  a  O'l  per  cent,  solution  of  iodine  in  chloroform  was  exposed  to 
the  action  of  direct  sunlight.  After  a  week's  exposure  in  summer, 
the  solution  was  worked  up  as  in  experiment  I;  the  product  con- 
sisted almost  exclusively  of  the  yellow  ketone  A,  besides  a  very 
small  amount  of  unaltered  isoketone  B. 

These  experiments  show  that  the  two  isomeric  ketones,  like  the 
ketones  of  the  benzylidenedeoxybenzoin  type,  are  interconvertible 
— that  light  influences  the  two  reciprocal  processes  indicated  by  the 
scheme : 

Piperonylideneacetone  (A)     ^     Piperonylideneacetone  (B) 

Yellow.  White. 

Even  if  as  yet  these  experiments  have  not  been  carried  out  under 
similar  conditions,*  and  conclusions  as  to  the  state  of  equilibrium 
cannot  yet  be  drawn,  nevertheless  the  deeper  coloured  ketone  A 
appears  to  be  more  stable  when  in  the  molten  state  than  the  white 
tsoketone  B,  and  also  to  be  more  stable  in  solution  towards  light. 

Other  unsaturated  ketones,  anisylideneacetone,  piperonylidene- 
acetophenone,  anisylideneacetophenone,  and  o-methoxyhenzylidene- 
acetophenone,f  could  not  be  converted  into  their  hitherto  unknown 
stereoisomerides  either  by  a  five  weeks'  exposure  of  their  iodine- 
benzene  solutions  to  direct  sunlight,  or  by  boiling  these  solutions 
for  twelve  hours  in  diffused  daylight.  In  all  these  experiments 
the  substances  were  for  the  most  part  recovered  unaltered,  and  to  a 
smaller  extent  they  were  converted  into  yellow,  red,  or  brown  resins, 
from  which  homogeneous  products  could  not  be  obtained.  These 
ketones  therefore  are  probably  stable  towards  sunlight,  and  could 
perhaps  be  converted  into  their  labile  stereoisomerides  only  by  light 
of  a  different  wave-length,  for  example,  by  ultra-violet  rays  (compare 
Stormer,  Ber.,  1909,  42,  4865).  We  intend  to  carry  out  these 
experiments  in  suitable  solutions,  and  hope  to  communicate  the 
results  later. 

Doubly  unsaturated  ketones,  for  example,  cinnamylideneaceto- 
phenone,   CeHs-CHrCH-CHICH-CO-CeHg,  behave  quite  differently 

*  In  one  experiment,  when  the  tsoketone  B  in  iodine -benzene  solution  was  exposed 
to  sunlight  for  a  week  during  summer,  the  only  product  obtained  was  a  resin. 

t  o-Methoxylemylideneacetophenoiie,  CgH4(0Me)'CH:CH'C0Ph,  was  prepared  by 
condensing  o-methoxybenzaldehyde  (15  grams)  and  acetophenone  (13  3  grams)  in 
70  grams  of  alcohol  and  20  grams  of  sodium  hydroxide  solution  (10  per  cent.). 
It  separates  from  the  solution  as  an  oil  which  soon  solidifies,  especially  on  rubbing, 
and  a  further  amount  (bringing  the  yield  to  80 — 90  per  cent,  of  the  theoretical) 
can  be  obtained  by  adding  water  to  the  solution.  It  crystallises  from  light  petroleum 
in  pale  yellow,  felted  needles,  which  melt  at  58 — 59° : 

0-1205  gave  0-S658  COj  and  0-0687  H,0.     C  =  80-52  ;  H  =  6-83. 
Cie^uOa  requires  C  =  80-67  ;  H  =  5-88  per  cent. 

The  substance  is  readily  soluble  in  alcohol,  ether,  or  benzene. 
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from  the  simple  unsaturated  ones.  This  ketone  is  converted  by 
the  action  of  sunlight,  not  only  into  a  stereoisomeride,  but  also  into 
a  polymeric  ketone.  An  account  of  these  investigations  will  be 
published  shortly  by  H.  Stobbe  and  Konrad  Riicker. 

The  University,  Glasgow  and  West  of  Scotland  Technical 

Leipzig.  Collkgk,  Glasgow. 


CLXXXIII. — Tetramethyl  Fei-rocyanide  and  some 

Demvatives. 

By   Ernald   George   Justinian  Hartley. 

In  a  recent  communication  (this  vol.,  p.  1066)  the  author  showed 
that  methyl  sulphate  reacts  with  dry  potassium  ferrocyanide,  and 
two  salts  (I)  and  (II)  *  were  obtained  of  a  hypothetical  base  (IH), 
which  was  itself  too  unstable  to  be  isolated: 

SO^Me         MeSO^ 
MeC NMe  MeN CMe  MeC  MeN — SO^— NMeCMe 

MeC      NH  HN      CMe  MeC  HN SO^ — iSH  CMe 

SO^Me  MeSO^ 

(I.)    Hexamethyl  ferrocyanogea  dihydrogen  (11.)     Hexamethyl  ferrocyanogeu 

methyl  sulphate.  dihydrogen  sulphate. 

MeC^eN-OH       OH-NMe  CMe  MeC  MeN— PtClfi— NMe  CMe 

N/-J\c-Fe-C<;_)N  N/;;j\c.Fe.C^:_   )n 

MeC      N  N      CMe  MeC       N  N      CMe 

(III.)     Hypothetical  Base.  (IV.)     Hexamethyl  ferrocyanogen 

platiuichloride. 

In  these  compounds  two  pairs  of  nitrogen  atoms  exhibit  basic 
functions,  but  of  an  extremely  weak  nature  in  the  case  of  that 
pair  (6, 6)  which  are  not  directly  attached  to  methyl  groups. 
Consequently  the  salts  (I)  and  (II)  give  a  strongly  acid  reaction  in 
aqueous  solution,  whilst  in  the  platiuichloride  (IV),  which  is  formed 
from  either  of  them,  only  the  more  basic  pair  (a,  a)  is  combined 
with  the  acid  radicle. 

It  was  considered  probable  that  the  acid  groups  MeHSO^  in 
(I),  which  are  attached  to  the  less  basic  pair  of  nitrogen  atoms  (h,  b), 
were  produced  by  moisture  absorbed  by  the  methyl  sulphate  mainly 
during  filtration,  when  a  hot-water  funnel  was  used. 

1  ht-f  formole  are  only  put  forward  provisionally,  aa  the  constitutiun  of  the 
ferrocymiogen  radicle  is  still  uncertain.  They  are,  however,  in  this  case,  very 
v:rvice»ble  for  representing  the  relationship  between  the  various  substances  de- 
-^ribed. 

5x2 
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Further  experiments  have  since  been  made,  in  which  greater 
care  was  taken  to  avoid  the  introduction  of  water  vapour,  when 
the  reaction  followed  a  somewhat  different  course  and  other 
products  were  isolated,  but  the  complete  account  of  their  formation 
is  still  somewhat  obscure. 

In  order  to  ensure  the  absence  of  moisture  in  the  materials  used, 
the  potassium  ferrocyanide  (20  grams),  freshly  precipitated  from 
aqueous  solution  by  means  of  alcohol  for  each  experiment,  was 
heated  to  105°  for  forty-eight  hours,  and  the  methyl  sulphate 
(150  c.c)  was  distilled  under  diminished  pressure  just  before  vise. 

The  reaction  was  accompanied  by  rather  marked  changes  of 
colour,  the  mixture  turning  bright  yellow  after  about  one  hour's 
heating,  and  then  becoming  purple.  At  the  end  of  five  hours  the 
liquid  was  filtered,  taking  care  to  prevent  it  from  coming  in  contact 
with  moisture  from  the  air.  On  cooling,  a  crop  of  purple  crystals 
(about  3  grams)  was  deposited,  which  differed  from  those  previously 
obtained  at  the  same  stage  in  the  reaction  (described  as  B,  loc.  cit., 
p.  1068)  in  being  soluble  in  ethyl  alcohol  and  giving  no  precipitate 
with  barium  chloride.  They  were  recrystallised  from  ethyl  alcohol, 
when  they  lost  a  great  part  of  the  colouring  matter  (which  appears 
to  be  of  the  nature  of  Prussian  blue).  This  substance  undergoes 
no  change  when  kept  in  an  exhausted  desiccator  over  sulphuric 
acid;  it  is  extremely  hygroscopic,  and  forms  a  neutral  solution  in 
water,  which  gives  the  same  platinichloride  as  (I)  and  (II).  When 
dissolved  in  ethyl  alcohol  and  treated  with  concentrated  sulphuric 
acid,  the  acid  sulphate  (II)  is  precipitated.  It  is  evidently  therefore 
a  salt  of  the  base  (III),  and  the  analytical  numbers  show  it  to  be 
the  methyl  sulphate,  as  was  anticipated  from  its  mode  of  formation : 

0-2782  gave  0-0437  FegOa.     re  =  ll-00. 

0-2512     „     0-2942  CO2  and  0-1059  HgO.     C  =  31'96;  H  =  4'71. 

0-3272     „     0-0504  FegOa.     Fe  =  10-78. 

The  second  determination  of  iron  was  made  with  material 
crystallised  a  second  time  from  alcohol  and  quite  colourless. 

These  numbers  correspond  with  the  formula  Cj4H2408N6S2Fe,  or 
(CH3)6FeC6N6(CH3- 804)2,  which  requires  0  =  32*04,  H-4-61, 
Fe=  10-68  per  cent.  Applying  the  same  nomenclature  as  before, 
this  would  be  called  hexamethyl  ferrocyanogen  methyl  sulphate,* 
and  may  be  represented  by  (V)  : 

S04Me  MeS04 

MeC NMe  MeN_OMe  MeOMeN — SO4— NMe  CMe 

Meb"^  N      CMe  MeC^^N  N      ^CMe 

(V.)  (VI.) 


fl 
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The  methyl  sulphate  solution,  from  which  the  above  crystals  had 
been  removed,  was  then  subjected  to  distillation  under  diminished 
pressure.  There  was  at  first  a  slight  evolution  of  gas,  which, 
however,  soon  ceased,  after  which  the  distillation  was  continued 
until  no  more  liquid  passed  over,  the  final  temperature  being  varied 
in  different  experiments  from  80°  to  130°.  The  residue  (about  18 
grams)  in  each  case  contained  a  portion  which  was  almost  insoluble 
in  ethyl  alcohol,  and  proved  on  analysis  to  be  identical  with  (II) ; 
it  differed  in  quantity,  but  was  usually  about  one-third  of  the  total 
weight  of  residue.  The  other  portion  was  soluble  in  alcohol,  and 
was  deposited  on  evaporating  the  solution  in  slightly  purple  crystals 
always  contaminated  with  some  of  (II),  from  which  it  could  be 
freed  by  a  second  crystallisation.  These  crystals  resembled  the 
substance  (V)  in  being  extremely  hygroscopic,  neutral  to  litmus  in 
aqueous  solution,  and  in  giving  the  same  platinichloride  (IV)  and 
acid  sulphate  (II)  under  similar  conditions.  With  barium  chloride 
they  gave  no  precipitate.  In  some  cases  they  separated  with 
alcohol  of  crystallisation,  which  was  only  very  slowly  given  off  in 
a  vacuum.  It  was  then  found  better  for  analytical  purposes  to  re- 
dissolve  in  alcohol  and  precipitate  with  ether,  when  they  were 
obtained  as  a  fine,  crystalline  powder  free  from  combined  alcohol. 
They  lose  practically  no  weight  at  100°  in  a  vacuum,  but  when 
heated  to  this  temperature  in  an  ordinary  air-bath  they  are 
hydrolysed  by  the  moisture  in  the  air  and  converted  completely 
into  (II),  the  presence  of  two  SO^  groups  in  the  molecule  being 
thereby  proved. 

The  analytical  numbers  were  as  follows : 

1.  Substance  twice  crystallised  from  ethyl  alcohol: 
0-2196  gave  00324  FooO.,.     Fe  =  10-33. 

01803     „     0-2218  COo  and  00812  H.,0.     C  =  33-57;  H  =  5-04. 

2.  Substance  crystallised  once  from  ethyl  alcohol  and  afterwards 
redissolved  and  precipitated  with  ether : 

0-2839  gave  00418  Fe^Og.     Fe  =  10-31. 

0-1266     „    01575  COo  and  0-0569  H2O.     0  =  3395;  H  =  503. 

These  numbers,  together  with  the  chemical  properties  of  the 
substance,  point  to  its  being  a  mixture  of  the  methyl  and  ethyl 
ulphates  of  the  base  (III). 

The  methyl  sulphate,  (CH3)fiFeC„N„(CH3-S04)<„  requires  0  =  3204, 
n  =  4-61,  Fe  =  1018;  and  the  ethyl  sulphate, 

(0H3)„FeC«N«(0,H,SO,).., 
requires  0  =  3477,  H  =  5-10,  Fo  =  1014  per  cent. 

It  is  somewhat  difficult  to  explain  the  presence  of  the  ethyl 
^Toups.  An  examination  of  the  methyl  sulphate  used,  both  by 
.1  combustion  and  by  an  analysis  of  the  potassium  salt  (KMeSO^) 
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produced  by  hydrolysis  with  alcoholic  potash,  gave  no  indication 
of  the  presence  of  a  substance  with  a  higher  percentage  of  carbon 
or  hydrogen.  It  seems  more  likely  to  be  the  result  of  a  slight 
decomposition  of  the  methyl  sulphate  during  the  long  heating 
which  the  process  requires,  similar  to  that  which  takes  place  when 
this  ester  is  distilled  under  atmospheric  pressure.  The  products  of 
this  decomposition  are  presumably  ethylene  and  sulphuric  acid  or 
methylsulphuric  acid,  and  a  partial  recombination  of  the  two  former 
would  result  in  the  formation  of  some  ethylsulphuric  acid. 

The  production  of  some  sulphuric  acid  in  this  way  would  also 
account  for  the  considerable  proportion  of  (II)  always  found,  which 
in  this  case  can  hardly  be  due  to  the  introduction  of  moisture 
during  the  experiment. 

In  consequence  of  the  ease  with  which  both  the  methyl  sulphate 
(V)  and  the  supposed  mixture  of  methyl  and  ethyl  sulphate  can  be 
quantitatively  converted  into  the  readily  purified  acid  sulphate  (II) 
by  precipitation  with  sulphuric  acid  in  alcoholic  solution,  and 
especially  as  this  latter  has  proved  to  be  the  best  starting  point  for 
additional  derivatives,  it  was  considered  a  waste  of  time  to  make 
further  experiments  with  a  view  to  separating  the  mixture  into 
its  constituents. 

It  was  shown  in  the  previous  paper  that  the  substance  (I)  is 
very  readily  converted  into  (II)  by  the  loss  of  two  molecules  of 
methyl  sulphate,  this  transformation  taking  place  either  by  heating 
or  even  at  the  ordinary  temperature  on  keeping  for  some  days  in 
an  exhausted  desiccator  over  sulphuric  acid. 

It  might  be  expected  that  the  neutral  methyl  sulphate  (V)  would 
behave  in  a  similar  manner,  and  by  the  loss  of  one  molecule  of 
methyl  sulphate  becomes  a  sulphate  as  represented  by  (VI),  but 
this  does  not  appear  to  be  the  case,  since  no  trace  of  the  latter 
compound  is  found  amongst  the  products  of  the  reaction  just 
described,  even  when  a  temperature  of  130°  was  reached,  and  there 
is  no  loss  of  weight  when  the  pure  salt  (V)  is  kept  in  a  vacuum. 

Although  the  sulphate  (VI)  is  not  formed  from  (V)  as  was 
expected,  it  can  be  prepared  from  (II)  as  follows.  When  baryta 
is  added  to  an  aqueous  solution  of  the  latter  until  the  liquid  is 
just  neutral  to  litmus,  the  H2SO4  group  is  eliminated.  On  filtering 
from  barium  sulphate  and  evaporating  to  dryness  in  a  vacuum  over 
sulphuric  acid,  a  white,  extremely  hygroscopic  solid  is  left,  whicli 
differs  from  the  original  salt  in  being  readily  soluble  in  ethyl 
alcohol,  from  which  it  separates  in  cubes  apparently  containing 
alcohol  of  crystallisation,  since,  on  keeping  for  only  a  short  time 
over  sulphuric  acid  in  an  exhausted  desiccator,  they  become  opaque 
and  fall   to  a  white  powder.     The  substance  is  quite   neutral  in 
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aqueous  solution,  but  is  very  unstable,  soon  turning  yellow  and 
decomposing,  even  when  kept  in  a  desiccator,  and  it  is  extremely 
difficult  to  obtain  it  in  a  suitable  condition  for  analysis.  When  it 
has  acquired  a  constant  weight  in  a  vacuum  it  still  apparently 
retains  about  one  molecule  of  alcohol,  which  it  loses  on  heating 
with  a  certain  amount  of  decomposition. 

A  determination  of  Fe  and  SO4,  with  material  dried  to  a  constant 
weight  in  a  vacuum,  gave  the  following  numbers : 

0-2196  gave  0-0417  FesOg.     Fe  =  13-29. 

0-2646     „     0-1337  BaSO^.     804  =  20-79. 

The  loss  of  weight  at  100°  was  9-83.  Calculating  the  percentages 
of  Fe  and  SO4  from  the  weight  of  salt  left  after  heating,  this  gives 
Fe  =  14-74,  S04  =  23-06.  Ci2Hjs04NeSFe  requires  Fe  =  1406, 
SO4  =  2410  per  cent.  CigHisOiNcSFe+CgHpO  contains  C2H60  = 
10-36  per  cent. 

These  figures,  together  with  the  fact  that  the  substance  gives  the 
platinichloride  (IV),  may  be  regarded  as  sufficient  evidence  for  the 
above  constitution,  and  as  the  corresponding  chloride  is  far  more 
stable  and  readily  obtained  pure,  it  was  not  considered  advisable  to 
sacrifice  material  in  the  attempts  to  obtain  the  sulphate  in  a  more 
favourable  condition  for   analysis. 

MeC      NMeCl    MeClN CMe  MeC N  N CMe 

N^^     ^C-Fe-^C^        ))N  N^]^^C.Fe.C^___^N' 

MeC      N  N~"^CMe  MeC        N  N      CMe 

(VII.)  (VIII.) 

The  chloride  (VII)  is  also  prepared  from  (11)  by  neutralising 
with  baryta  as  above,  and  then  adding  a  slight  excess  of  barium 
chloride,  filtering,  and  evaporating  in  a  vacuum,  when  a  white, 
crystalline  mass  is  left  and  is  extracted  with  ethyl  alcohol.  On 
adding  ether  to  the  alcoholic  solution,  hexamethyl  ferrocyanogen 
chloride  (VII)  is  precipitated  as  a  very  bulky,  white,  crystalline 
precipitate.  This  is  not  nearly  so  hygroscopic  as  the  sulphate,  and 
does  not  appear  to  decompose  at  all  on  keeping : 

0-3252  gave  0-2476  AgCl.     CI  =  18-82. 

0-5780     „     01242  Fc^Og.     Fe  =  15-04. 

CipHisN^ClgFe  requires  01=1899.     Fe  =  15-00  per  cent. 

I'rrparation   of  Tetramethyl  Perrocyanule. 

When   the  above  chloride  is  heated   under  diminished   pressure. 

*  steady  evolution  of  gas  begins  to  take  place  at  about  140°,  and 
is  completed  at  this  temperature  after  two  to  three  hours. 

The  gas  was  collected  over  mercury  and   tested;  it  burnt  with 

*  green  flame,  and  a  few  drops  of  water  shaken   up  in   the  tube 
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in  which  the  combustion  had  taken  place  were  found  to  contain 
hydrochloric  acid.  The  gas  was  therefore  presumably  methyl 
chloride. 

The  residue  had  scarcely  altered  in  appearance  from  the  original 
salt,  and  showed  no  signs  of  fusion ;  it  had  an  odour  resembling  that 
of  isocyanides,  which  it  lost  on  keeping  for  some  time  in  a  vacuum ; 
it  was  free  from  chlorine,  and  was  readily  soluble  in  chloroform, 
alcohol,  or  water,  and  insoluble  in  ether  or  acetone. 

It  resembles  tetraethyl  ferrocyanide  prepared  from  silver  ferro- 
cyanide  and  ethyl  iodide  in  its  solubility  and  in  giving  in  aqueous 
solution  a  white  precipitate  with  mercuric  chloride,  a  reddish-purple 
colour  with  ferric  chloride,  and  a  yellow,  microcrystalline  precipitate 
with  platinic  chloride. 

An  analysis  gave  numbers  showing  it  to  be  tetramethyl  ferro- 
cyanide : 

0-2352  gave  0-0694  FegOg.     Fe  =  20-66. 

0-2057     „     0-3309  COg  and  0-0808  HgO.     C  =  43-90;  H=4-39. 
CioHigNfiFe  requires  Fe  =  20-56;  C  =  44-09;  H  =  4-44  per  cent. 

Its  formation  is  evidently  due  to  the  loss  of  the  two  molecules 
of  methyl  chloride  (shown  in  (VII)  enclosed  by  dotted  lines). 

In  order  to  obtain  it  quite  pure,  the  best  procedure  is  to  dissolve 
it  in  chloroform,  when  a  lather  dark-coloured  solution  is  formed, 
owing  to  a  slight  amount  of  decomposition  during  the  heating. 
On  gradually  adding  ether,  the  colouring  matter  is  first  precipitated, 
and  can  be  filtered  off.  The  substance  is  afterwards  thrown  down 
by  a  further  addition  of  ether  as  an  almost  colourless  precipitate. 
By  repeating  the  process  it  can  be  obtained  quite  colourless.  It  is 
then  crystallised  from  chloroform,  from  which  it  separates  in  large, 
light  yellow,  transparent,  rectangular  plates,  containing  chloroform 
of  crystallisation,  which  is  given  off  fairly  rapidly  at  the  ordinary 
temperature,  and  completely  at  about  60°  in  a  few  hours.  A 
determination  of  iron  was  made  on  some  material  purified  in  this 
way  and  heated  to  65°  until  a  constant  weight  was  obtained,  and 
afterwards  to  105°,  when  there  was  no  further  loss.  0-2729  gave 
0-0801  FegOg;  Fe  =  20-55.  Calc,  Fe  =  20-56  per  cent.  Tetra- 
methyl ferrocyanide  crystallises  from  water  in  yellowish-white 
aggregates,  which  appear  amorphous,  but  when  magnified  are  seen 
to  consist  of  fine  needles. 

On  strongly  heating,  it  decomposes  without  melting,  giving  off 
an  alkaline  vapour,  and  leaving  a  residue  of  pure  ferric  oxide. 

The  original  object  of  this  research  was  to  prepare  tetramethyl 
ferrocyanide,  and  to  determine  its  molecular  weight  in  aqueous 
solution  in  order  to  ascertain  whether  tKis  agreed  with  the  double 
formula    which   was   found    to    represent   best    the    properties    of 
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calcium  ferrocyanide  {Phil.  Trans.,  1909,  A,  209,  319).  For  this 
purpose  it  is  proposed  to  make  a  series  of  determinations  of  the 
osmotic  pressure  of  its  solutions  when  sufficient  material  is  available. 

In  conclusion,  I  wish  to  express  again  my  thanks  to  Lord 
Berkeley,  to  whom  I  am  greatly  indebted  for  placing  at  my  disposal 
his  laboratory  and  all  the  apparatus  and  materials  for  continuing 
this  research,  and  for  the  interest  he  has  taken  in  its  progress. 

FoxcoMEE  Laboratory, 
Nr.  Oxford. 

A'ppendix. 

Mr.  W.  H.  Barrett,  of  Balliol  College,  Oxford,  kindly  undertook 
an  examination  of  the  crystallographic  properties  of  the  acid 
sulphate  (II).  His  description  and  measurements  are  herewith 
given  as  follows : 

Small,  yellow  crystals  from  methyl  alcohol,  which  soon  begin  to  turn 
opaque.  They  can  be  obtained  again  transparent  on  recrystallisation 
from  methyl  alcohol.  They  are  usually  combinations  of  a{100},  c{001}, 
»i[110},  and  ir{10r},  and  in  habit  either  tabular  parallel  to  c{001},  or 


elongated  along  the  h  axis,  as  in  the  drawing.  On  some  crystals,  forms 
/'{1I2}  and  P'JllS}  were  present,  but  on  only  one  crystal  were  they 
sufficiently  well  developed  to  give  measurable  images  of  the  goniometer 
signal.  Nine  crystals  selected  from  two  crops  were  measured,  but 
many  of  the  reflexions  were  too  blurred  to  be  of  any  value,  and  so  the 
readings  corresponding  to  these  were  discarded. 

System :  Monoclinic  holosymmetric. 

Habit:  Tabular  parallel  to  c{001},  or  prisms  elongated  along  the 
f>  axis. 

Forms  observed  :  c{001},  a{100},  iN^{10T},  mi'llO},  P{112},  /»'{113}. 
Axial  ratio:  a:6:c=l'9101  :1  :  20472;  /3  =  93°1'. 
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Table 

of  Angles. 

Measured  angle, 
a  :  c     (001)  :  (100) 
c  :  N  (001>  :  (101) 
a  :  m  (100)  :  (110) 

No.  of 
angles. 

14 
5 

28 

No.  of 

crystals. 
8 
5 
6 

Limits. 
92°49'— 93°  8' 
48  19—48  48 
62  16  —62  35 

Mean. 
93°  1' 
48  36 
62  26 

Calculated, 

c  :  P  (001)  :  (112) 
c  :  F  (001)  :  (113) 

4 
1 

1 
1 

49  41  —49  52 
47°13' 

49  46 

47  13 

49°54 
46  50 

Optical  properties :  The  acute  bisectrix  coincides  with  the  b  axis ; 
and  the  plane  of  the  optic  axes  lies  in  the  obtuse  angle  $,  and  is 
inclined  to  the  a  axis  at  an  angle  of  about  30°,  as  shown  by  the 
extinction  on  a  plate  ground  approximately  parallel  to  (010),  The 
optic  axial  angle  is  rather  small,  and  the  axes  have  a  slight  dispersion 
in  the  sense  s>»v.  The  crystal  was  too  brittle  to  allow  of  making 
a  section  sufficiently  thin  to  enable  the  sign  of  the  birefringence  or 
any  dispersion  of  the  bisectrices  to  be  determined,  but  compensation 
of  a  crystal  viewed  through  c{001}  shows  that  the  birefringence 
must  be  positive. 

The  behaviour  of  the  crystals  in  turning  opaque  is  peculiar.  The 
opacity  starts  from  the  two  c  faces,  and,  viewed  through  the  a  face, 
the  opaque  part  resembles  in  form  two  pyramids  whose  summits 
gradually  interpenetrate,  and  whose  bases  are  the  c  faces.  The 
opaque  part  has  thus  somewhat  of  an  hour-glass  shape. 


CLXXXIV. —  The  Relatioii  of  Position  Isomerism  to 
OiDtical  Activity.  Part  VIll.  The  Rotation  of  the 
Menthyl  Esters  of  the  Alkyloxy-  and  Alkylamino- 
derivatives  of  Beyizoic  Acid. 

By  Julius  Berend  Cohen  and  Harold  Ward  Dudley. 

In  previous  investigations  on  this  subject  (Trans.,  1903,  83,  1214; 
1904,  85,  1262,  1271;  1905,  87,  1190;  1906,  89,  49,  460,  1479) 
the  active  esters  submitted  to  optical  examination  included  halogen, 
nitro-  and  nitro-halogen  derivatives  of  benzoic  acid.  The  results 
derived  from  the  study  of  nine  separate  series  of  compounds  clearly 
indicated  that,  with  the  single  exception  of  the  ortho  isomeride  of 
the  iodobenzoic   esters,*    the    ortho-substituent  liad    the    greatest 

*  We  luoposo  to  study  the  effect  of  itcmpiTature  on  the  rotation  of  the  three 
isomeric  iodobenzoic  esters. 
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influence  in  diminishing  the  rotation,  as  in  the  halogen  derivatives, 
or  in  increasing  it,  as  in  the  nitro-compounds,  and  that  substituents 
in  the  meta-  and  especially  in  the  para-position  had  a  very  sub- 
ordinate effect.  In  the  following  table  we  have  limited  ourselves 
to  reproducing  the  four  series  of  mono-derivatives  of  the  benzoic 
esters,  as  the  presence  of  two  substituents  bears  a  close  relation  to 
that  of  the  single  atom  or  group : 

[M]^'.  [M]f. 

, ' , 

Menthyl  ester.  CI.  Br.  I.  NOj. 

Ortho -195-0°  -205-5°  -246-0°  -381-0° 

Meta  2.37-0  238-5  234-5  251*0 

Para    237-5  237  0  241-0  235-0 

Menthyl  benzoate,  [M]f  -  239°. 

Positive  Groups. — It  will  be  observed  that  the  compounds 
examined  cont-ain  only  negative  substituents.  The  only  observations 
on  active  esters  of  benzoic  acid  containing  positive  groups  are  those 
of  Tschugaeff  (Ber.,  1898,  31,  1775),  who  examined  the  menthyl 
esters  of  the  three  toluic  acids,  to  which  the  following  values  are 
assigned : 

Ortho,  [M]'^  -231-2"  Meta,  [M]f  -270-8°  Para,  [M]"^  -252-4° 

Here  the  order  of  rotation  is  the  reverse  of  that  given  above; 
for  although  the  value  of  the  ortho-compound  is  rather  less  than 
that  of  menthyl  benzoate,  that  of  the  para-compound  is  much 
higher. 

We  have  repeated  these  observations  at  20°  and  100°  with  care- 
fully prepared  specimens  of  the  three  esters.  They  were  examined 
both  before  and  after  distillation.  Distillation  under  diminished 
pressure  produced  no  measurable  change  in  rotation. 

The  values  for  the  ortho-  and  meta-compounds  are  practically  the 
same  as  those  obtained  by  Tschugaeff,  but  that  of  the  para-compound 
is  much  below  his  number.  The  previous  order  remains  never- 
theless unaltered: 

Menthyl  estor.  [M]'f .  [^V^- 

Ortho -2310'  -223*0° 

Meta 2400  2345 

Para  2465  237-0 

h'ffect  of  Temperature. — An  interesting  feature  in  thet;e 
'  l)8ervations  is  the  effect  produced  on  the  rotation  by  rise  of  tem- 
perature. The  relatively  largo  decrease  in  the  value  of  the  para- 
compound  at  100°  brings  the  meta-  and  pararcompounds  within  a 
few  units  of  one  another.  This  value  at  the  higher  temperature 
is  especially  noteworthy  when  compared  with  that  of  menthyl 
benzoate  at  the  same  temperature.  In  former  comparisons  with 
nontbyl  benzoate  we  have  taken  Tschugaeff 's  value,   [MJS*   -  236-3° ; 
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but  this  was  obtained  in  benzene  solution,  whereas,  with  very  few 
exceptions,  we  have  examined  the  fused  substances  without  solvent. 
It  seemed  desirable  to  ascertain  the  value  for  fused  menthyl 
benzoate.  This  has  been  effected  first  at  100°,  and  then  by  super- 
cooling (the  substance  melts  at  54°)  at  about  20°,  with  the  following 
result  : 

20°.  100°. 

[M]o -239°  -233° 

If  now  we  compare  the  values  of  the  menthyl  toluates  with 
that  of  menthyl  benzoate  at  the  higher  temperature,  the  old  order 
is  reproduced,  in  which  the  rotation  of  the  meta-  and  para- 
compounds  approximates  to  that  of  the  unsubstituted  ester.  The 
question  of  temperature  obviously  plays  a  very  important  role  when 
instituting  a  comparison  between  the  rotational  values  of  a  com- 
pound and  its  derivatives,  a  matter  which  demands  more  attention 
than  it  has  so  far  received. 

The  number  of  observations  on  the  effect  of  temperature  on  the 
rotation  of  fused  substances  is  not  very  large.  A  list  of  most  of 
them,  references  to  which  are  given  in  the  foot-note  below,*  has 
been  collected  by  Walden  (Ber.,  1905,  38,  363,  382),  who,  without 
throwing  any  light  on  the  cause  of  these  changes,  merely  states 
"  da  der  Temperaturcoefficient  abhangig  ist  von  der  Constitution 
der  activen  Substanz,  so  diirfte  er  in  der  Folge  eine  grossere 
Beachtung  verdienen  als  bisher."  Winther  (Zeitsch.  fhysikal, 
Ghem.,  1906,  55,  259)  has  found  an  empirical  formula  which  gives 
values  in  close  agreement  with  the  observed  results.  But  it  is 
difficult  to  discover  any  apparent  relation  between  temperature- 
coefficient  and  constitution  in  the  different  series,  for  even  among 
isomeric  compounds  the  value  in  the  case  of  one  isomeride  may 
be  positive  with  rise  of  temperature,  in  that  of  another,  negative, 
and  in  a  third  it  may  fluctuate.  As  an  illustration  we  may  give 
the  observations  on  the  three  menthyl  nitrobenzoates  (Cohen  and 
Armes,  Trans.,  1905,  87, 1190) : 

[M],.. 


t. 

Ortho. 

Meta. 

Para. 

100° 

-  370° 

-250° 

-230° 

80 

380 

253 

232 

70 

379 

252 

233 

65 

381 

251 

237-5 

40 

— 

251 

— 

20 

— 

252 

— 

*  FranklanJ  and  Wharton,  Trans.,  189(5,  69,  1587;  Frankland  and  Patterson, 
ibid.,  1898,  73,  199  ;  Frankland  and  McCrae,  ibid  ,  1898,  73,  307  ;  Patterson  and 
McCrae,  ibid.,  1900,  77,  1107;  Patterson,  ibid.,  1904,  85,  765,  1133;  Patterson 
and  Taylor,  ibid.,  1905,  87,  34  ;  Patterson  and  Kaye,  ibul.,  1906,  89,  1884  ;  1907, 
91,  708;  "VVinther,  Zcitsch.  physikal.  Chevi.,  1903,  45,  331  ;  1906,  55,  '^59;  56. 
703  ;  1907  60,  566,  690 ;  Walden,  JJcr.,  1905,  38,  363. 
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The  temperature-coefficients  iu  the  case  of  the  ortho-  and  parar 
compounds  are  negative,  whilst  in  that  of  the  meta-compound  it 
fluctuates.  The  values  in  all  cases  are  small.  But  when  we  turn 
to  the  alkyloxy-esters,  we  find  that  the  effect  of  temperature  is  very 
marked,  as  may  be  seen  from  the  following  table : 

[M]f .  [M]i„«^. 


Menthyl  ester. 

0. 

m. 

P- 

0. 

ta. 

V- 

Methoiy benzoic  acid 

.    -148-0° 

-247-5^    - 

-250-5° 

-155-0' 

-242-5= 

-238-5° 

Ethoxy  benzoic       , 

solid 

244  0 

solid 

157-5 

237-5 

238-5 

Propoxy benzoic     ,,   

.       170-5 

240-5 

250-0 

180-0 

235  0 

234-0 

isoPropoxy benzoic  acid.. 

.       169-0 

— 

246  0 

176-0 

— 

233-5 

«oAmyloxybenzoic  ,,  .. 

187-0 

240-5 

247-5 

196-0 

237-5 

234  0 

Ally loxy benzoic         ,,  .. 

solid 

— 

252-0 

1750 

— 

237-0 

Benzyloxy benzoic     ,,   .. 

.       168-5 

— 

255-0 

1590 

— 

239-0 

Methoxynaphthoic    ,,   .. 

.(/3)166-5 

-     («) 

266-0 

(/3)  159-0 

— 

(a)  239  0 

Menthyl  benzoate,  [M]f  -239°,  [M]J,"o  -233°. 

Whilst  the  temperature-coefficients  of  the  ortho-compounds  are 
small,  and  for  the  most  part  positive  with  rise  of  temperature, 
those  of  the  para-compounds  are  large  and  negative,  whilst  those 
of  the  meta-  are  the  smallest  of  the  three  and  negative.  The 
general  result  is  that  at  the  higher  temperature  the  rotational 
values  of  the  meta-  and  para-compounds  approximate,  like  those  of 
the  toluic  esters,  to  the  value  of  menthyl  benzoate.  It  appears 
therefore  that  in  comparing  the  activity  of  position  isomerides, 
two  factors  have  to  be  considered,  namely,  the  change  in  rotation 
due  to  structure,  and  that  produced  by  the  physical  condition  of 
the  compounds  under  examination.  The  question  then  arises; 
which  is  to  be  regarded  as  the  standard  temperature  ?  If  we  take 
the  higher  temperature,  the  rule  which  is  applicable  to  the  esters 
with  negative  substituents  holds  equally  in  the  case  of  those  with 
positive  groups,  that  is  to  say,  the  ortho-substituent  has  the  greatest 
influence,  and  the  meta-  and  para-substituents  a  very  subordinate 
effect.* 

If,  according  to  Winther  (loc.  cit.),  change  of  rotation  in  a 
compound  is  conditioned  by  change  in  internal  pressure,  it  seems 
probable  that  a  temperature  widely  removed  from  the  crystallising 
f)oint,  and  therefore  from  the  region  in  which  molecular  aggregates 
may  be  formed,  will  afford  a  more  correct  basis  for  comparison. 

It  is  for  this  reason  that  provisionally  we  are  disposed  to  regard 
the  values  at  100°  as  the  more  satisfactory  for  the  purpose  of 
comparison  until  more  light  has  been  thrown  on  this  aspect  of  the 

•  The  rule  laid  down  by  Frankland  and  Wharton  (Trans.,  1896,  69,  1309,  1688), 
in  which  the  para-isomeride  is  supposed  to  exert  the  greatest  effect,  is  not  only 
contradicted  by  some  of  their  own  and  others  observations,  but  seems  quite  in- 
capable of  proof  where  solvents  are  used,  owing  to  the  indeterminate  influence  of 
the  solvent. 
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problem.  Another  fact  in  support  of  our  view  of  the  influence 
of  contiguous  groups  on  the  rotational  value  of  the  active  group, 
is  that  furnished  by  menthyl  phenylacetate.  This  substance,  which 
is  isomeric  with  the  menthyl  toluates,  exhibits  both  in  its  mobile 
character  (the  toluates  are  very  viscid  liquids)  as  well  aa  in  its 
rotation  a  much  closer  resemblance  to  the  aliphatic  than  to  the 
aromatic  esters  (Rupe,  Annalen,  1909,  369,  311,  927): 


[M]'f. 

Menthyl  o-toluate    -231-0° 

„         m-toluate  240-0 

,,        p-toluate    246-5 


[M]f.^ 
Meuthyl  phenylacetate  ..      -  188° 

,,         propionate  160 

,,         butyrate 160 


Dimethylaminohenzoic  Esters. — The  ortho-  and  para-esters  were 
obtained  in  the  form  of  viscid  liquids  of  a  red  colour,  which  could 
neither  be  crystallised  nor  distilled  without  decomposition.  The 
only  criterion  of  purity  was  the  analysis,  the  fact  that  the  acid 
chloride  of  j^dimethylaminobenzoic  acid  yielded  with  methyl 
alcohol  the  pure  methyl  ester  (m.  p.  102°),  and  that  the  menthyl 
ester  was  unchanged  in  composition  and  in  rotation  after  pre- 
cipitation from  solution  in  light  petroleum  as  the  hydrochloride. 
Seeing  that  the  acid  chlorides  have  a  deep  orange  colour,  and  the 
menthyl  esters  retain  the  red  colour  after  reprecipitation  as  hydro- 
chlorides, we  are  inclined  to  think  that  the  colour  is  the  natural 
physical  attribute  of  these  esters,  although  by  analogy  we  should 
have  anticipated  a  different  result,  the  acids  themselves  being  quite 
colourless. 

Owing  to  the  very  viscid  nature  of  the  esters,  it  was  difficult 
to  ascertain  their  densities  at  20°,  and  the  rotations  have  only  been 
determined  at  100° : 


Meuthyl  ortho-dimethylaminobenzoate 
,,        para-diniethylaminobenzoate 


101° 
258 


Assuming  that  these  values  represent  an  approximation  to  the 
true  values  of  the  pure  substances,  the  result  is  interesting,  for 
although  the  rotation  of  the  para-compound  is  about  20°  higher 
than  the  mean  of  the  other  para-compounds,  the  difference  produced 
by  the  dimethylamino-group  in  the  ortho-position  is  nearly  treble 
this  amount. 

For  convenience  of  reference,  the  following  table  of  densities  and 
specific  and  molecular  rotations  at  20°  and  100°  are  collected 
together. 
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Menthyl  ester, 

o-Methoxybenzoic  ester. 

Tii-Me  t  hoxy  ben  zoic 

^-Methoxybenzoic 

o-Ethoxy  benzoic 

9/i-Ethoxy  benzoic 

^j-Ethoxybenzoic 

0-  Propoxy  benzoic 

j/i-Propoxybenzoic 

p-  Propoxybenzoic 

o-iso  Propoxy  benzoic  ester... 

y-«oPropoxy benzoic      ,,   ... 

o-tsoAmyloxybenzoic     ,,  ... 

T7»-i«oAmyloxybenzoic  ,,   ... 

p-isoAmyloxybeiizoic    ,,   ... 

o-Allyloxybeuzoic  ester 

|j-AllyIoxybenzoic     ,,    

0-  Benzyloxybenzoic  ester : 
(PCI5) 
(SOCL) 
j^ Benzyloxybenzoic  ester  ... 
o-Dimethylaminobenzoic 

ester 

p-Dimethylaminobenzoic 

ester  

a-Methoxynaphthoic  ester. . . 
/3-Methoxynaphthoic  ,,  ... 
/3-Benzyloxy naphthoic  ester 

o-Toluic  ester 

TO-Toluic    ,,    

;>-Toluic     ,,    

Phenylacetic  ester 

Benzoic  ester 


df. 

1045 
1-034 
1036 
solid 

roi7 

solid 

1-019 

1-010 

1016 

1034 

1-011 

1-003 

0-9947 

0-9954 

solid 

1-027 

1147 
1112 
1064 


0-9823 
0-9766 
0-9766 
0-9641 
0-9582 
0-96-22 
0-9589 
0-9511 
0-9569 
0-9766 
0-9514 
0-9442 
0-9363 
0-9400 
0-9689 
0  9689 

1-089 
1-083 
10015 

1-019 


—   0-9852 
1076  10-22 
1-083  1025 
1-118  1-058 
0-9982  0-9383 
0-9946  0  9352 
0-9937  0  9336 
1-002  0-9400 
1002  0-9417 


-51-08° 
85-39 
86-47 

80  26 

53  59 
75  65 
78-66 
53  08 
77-42 
54-01 
69-53 
71-57 

79-69 

44-89 
47-07 
69-68 


-53-37° 
83-69 
82-30 
51-75 
78-10 
78-39 
56-63 
73-93 
73-60 
56-54 
73-37 
56  69 
68-66 
67-57 
55-35 
74-95 

42-28 
44-49 
65  29 


85-13 
70-32 
46-84 
77-82 
81-41 
85-63 
86-56 
65-56 
89-47 


[M]f. 

-148-2"" 
247-6 
250-7 

244  0 

170-4 
240-6 
250-1 
168-8 
246-1 
186-8 
2406 
247-6 

251-3 

164-3 
172-3 
255-1 


—     33  29     — 


266  2 
166-4 
363-0 
231-1 
240-0 
246-4 
188-2 
239-0 


-154-7^ 
242-7 
238-6 
157-3 
237-4 
238-3 
180-1 
235-1 
234-0 
175-7 
233-3 
196-2 
237-6 
233-8 
174-9 
236-9 

154-7 
162-8 
238-9 

100-9 

257-9 
239-0 
159-2 
324-4 
223-1 
234-7 
237-2 
179-6 
232-7 


Melting  Points  of  the  Acids. — The  melting  points  of  the  alkyloxy- 
benzoic  acids  which  have  been  ascertained  in  the  course  of  this 
investigation  are  collected  in  the  following  table : 


Acid.  Methoxy.     Ethoxy.     Propoxy.  isoPropoxy.  Amyloxy.  Allyloxy.  Benzyloxy. 

Ortho    99—101°     19—  20°  low m.  p.        liquid           liquid  60—62°     76—77' 

Mete  104—105        137          71—  72°        —            74—  75°  —               — 

Para    180—182    195—196    145—147     160—163°   141—142  160—162     188—190° 

It  will  be  seen  that  the  melting  point  rises  from  the  ortho-  to 
the  pararcompound.  This  is  quite  in  accordance  with  other 
observations  on  the  melting  points  of  the  three  position  isomerides. 
For  example,  the  three  series  of  halogen  benzoic  acids  exhibit  a 
similar  relationship : 


Acid. 
Ortho.. 
MeU  .. 
Para  .. 


Chlorobenzoic. 
137° 
152 
236 


Bromobenzoic. 
148° 
155 
251 


lodobenzoic. 
16-2° 
188 
265 


Melting  Points  of  the  Menthyl  Esters. — There  ia  very  little 
regularity  to  be  observed  in  the  melting  points  of  the  menthyl 
esters.  They  are  for  the  most  part  viscid  liquids  of  low  melting 
point,  and  their  viscid  character  when  fused  is  probably  accountable 
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for  the  fact  that  many  of  them  do  not  crystallise  readily,  and  that 
a  few  have  not  yet  been  obtained  in  the  solid  form : 

Menthyl  ester.     Metlioxy.      Ethoxy.  Propoxy.      tsoAmyloxy.      Allyloxy. 

Ortho 42°  52—53°  40—41°  liquid  61—62° 

Para    liquid  76—77  34—35  54—55°  liquid 

Reaction  Tewperature  of  the  Acid  Chloride  and  Menthol. — In 
the  course  of  preparing  the  menthyl  esters  by  heating  the  acid 
chloride  with  menthol,  we  have  taken  occasion  to  note  approximately 
the  temperature  at  which  the  reaction  appeared  to  begin.  This 
was  done  by  observing  the  first  appearance  of  bubbles  of  hydrogen 
chloride  in  the  liquid.  Although  the  reaction  temperatures  cannot 
be  regarded  as  very  accurate,  the  results  seem  to  us  to  possess 
a  certain  interest,  on  account  of  the  uniformly  lower  temperature 
at  which  the  ortho-compound  reacts.  This  is  exactly  the  reverse  of 
the  behaviour  of  the  ortho-halogen  and  nitro-compounds,  which 
require  a  higher  temperature  to  bring  about  combination  (Cohen, 
Trans.,  1906,  89,  1482).  Seeing  that  the  unsubstituted  benzoyl 
chloride  requires  a  temperature  of  88°  to  initiate  the  reaction  with 
menthol,  it  is  clear  that  the  alkyloxy-group  in  the  ortho-position 
facilitates  combination.  These  observations  have  a  direct  bearing 
on  the  subject  of  steric  hindrance,  and  furnish  another  example  of 
the  fact  that  the  nature  rather  than  the  position  of  a  particular 
group  adjoining  the  reacting  group  determines  the  character  of 
the  process  (Cohen  and  McCandlish,  Trans.,  1905,  87,  1261) : 

Acid  chloride.  Ortlio.  Meta.  Para. 

Toluoyl  chloride    68°  97°  78° 

Methoxybenzoyl  chloride 60  90  100 

Ethoxybenzoyl           ,,       37  70  130 

Propoxybenzoyl         ,,      48  100  79 

iso  Propoxybenzoyl     , 60  —  78 

tso Amyloxybenzoyl   ,,      66  93  105 

Allyloxybenzoyl        ,,       57  —  85 

Ben  zyloxy  benzoyl     ,,      75  —  100 

Methoxyuaphthoyl    ,,      (a)  87  (j3)  85  — 

Benzoylnaphthoyl     ,,      88  —  — 

Experimental. 

The  general  method  for  preparing  the  alkyloxy-esters  of  menthol 
was  to  convert  the  hydroxy-acid  into  the  methyl  ester,  and  act  on 
this  with  sodium  methoxide  and  the  alkyl  iodide  in  alcoholic  solu- 
tion. The  alkyloxy-ester  was  then  hydrolysed  with  aqueous  or 
alcoholic  sodium  hydroxide  or  potassium  hydroxide,  and  the  acid 
separated.  The  alkyloxy-acid  was  next  converted  into  the  acid 
chloride  by  means  of  phosphorus  pentachloride,  or  in  a  few  cases 
by  thionyl  chloride,  and  the  resulting  acid  chloride  heated  with 
menthol.     The  excess  of  menthol  was  then  removed  by  distillation 
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in  steam,  and  the  product  extracted  with  ether,  shaken  with  sodium 
carbonate  to  remove  free  acid,  and  the  menthyl  ester  finally 
separated.  In  the  case  of  the  met  a-  and  para-methoxy-  and  ethoxy- 
acids,  it  was  possible  to  convert  the  hydroxy-acids  directly  into  these 
compounds  by  employing  methyl  and  ethyl  sulphate ;  but  the  latter 
do  not  react  at  all  with  the  ortho-hydroxy-acids,  nor  with  the 
a-  and  j3-hydroxynaphthoic  acids. 

The  preparation  of  the  menthyl  esters  of  ortho-  and  meta- 
methoxybenzoic  acid  are  fully  described  by  way  of  illustration,  but 
in  the  subsequent  preparations,  which  are  mainly  repetitions  of  the 
same  process,  only  such  details  as  the  properties  of  the  products  and 
the  yields  are  given. 

The  analyses  are  collected  together  in  a  table  at  the  end. 

Menthyl  o-Methoxyhenzoate,  C6H4(OMe)*C02*CioHi9.  —  Thirty 
grams  of  methyl  salicylate,  45  grams  of  sodium  in  100  c.c.  of  methyl 
alcohol,  and  30  grams  of  methyl  iodide  were  heated  in  a  flask  with 
reflux  condenser  for  several  hours.  The  greater  part  of  the  alcohol 
was  then  removed  on  the  water-bath  and  the  residue  poured  into 
water,  which  was  rendered  alkaline  with  sodium  hydroxide  to 
dissolve  unaltered  methyl  salicylate,  and  extracted  with  ether.  The 
ethereal  extract  was  dehydrated,  the  ether  removed,  and  the  residue 
distilled  under  diminished  pressure.  The  methoxy-ester  boils  at 
140 — 144°/ 15  mm.;  yield  25  grams.  It  was  hydrolysed  with  100 
c.c.  10  per  cent,  sodium  hydroxide  solution,  giving  18  grams  of 
acid  melting  at  99 — 101°.  Twelve  grams  of  the  acid  were  heated 
with  16  grams  of  phosphorus  pentachloride  on  the  water-bath.  The 
phosphoryl  chloride  was  removed  as  far  as  possible  on  the  water- 
bath  under  diminished  pressure  and  in  a  current  of  dry  air. 
Without  distilling  the  residual  acid  chloride  (13  grams),  which 
partly  decomposes  even  at  a  low  pressure,  it  was  heated  with  an 
eq\ial  weight  of  menthol.  The  reaction  began  at  about  60°,  and 
was  completed  by  heating  for  two  hours  at  130°.  The  product,  after 
distillation  in  steam  to  remove  menthol,  solidified,  and  was  digested 
with  sodium  carbonate  solution  to  remove  free  acid  and  filtered. 
The  yield  of  crude  product  (m.  p.  38 — 40°)  was  22  grams.  It  was 
recrystallised  from  alcohol,  and  melted  at  42°.  Owing  to  its  low 
melting  point  and  tendency  to  superfusion,  it  is  very  difficult  to 
crystallise  from  any  solvent,  and  usually  separates  as  an  oil,  remain- 
ing liquid  for  days,  even  when  cooled  in  a  freezing  mixture. 

The  rotation  of  the  ester  in  a  302-cm.  tube  was  then  determined, 
and  it  was  then  distilled  under  diminished  pressure.  It  boiled  at 
222— 226°/ 12  mm.,  the  main  portion  distilling  at  226°.  On  cooling, 
it  solidified  and  melted  at  38 — 40°.  The  rotation  of  the  distillate 
v  is  determined,  and  gave  somewhat  lower  results. 
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The  rotation  of  another  specimen  in  which  the  acid  chloride  was 
distilled  without  decomposition,  and  which  gave  a  rather  purer 
product  is  entered  in  the  last  column  : 


Before 
tlistillation. 
-15-95° 

After 

distillation. 

-15-10° 

14-90 

Specimen  II 

(undistilled). 

-1612° 

15-65 

15-84 

Specimen  II :  <=  1-045  ;  (ir  =  0-9823;  ^=3-02  cm. 
[a]^  -51-08°;  [a]T  -53-37° 
[Mjg*  -148-2°;  [M]r  -154-7° 

Menthyl  va-Methoxyhenzoate. — 27' 6  Grams  of  m-hydroxybenzoic 
acid,  200  c.c.  of  10  per  cent,  sodium  hydroxide  solution,  and  24  c.c. 
of  methyl  sulphate  were  boiled  for  two  and  a-half  hours.  The  liquid 
was  then  cooled  and  extracted  with  ether  to  remove  impurities. 
After  removing  the  ether,  the  liquid  was  acidified  with  hydrochloric 
acid,  which  precipitated  the  acid.  Twenty-one  grams  of  acid  were 
obtained,  which,  after  recrystallisation  from  boiling  water,  melted 
at  104-5°.  It  was  converted  into  the  acid  chloride,  and,  after  careful 
removal  of  the  phosphoryl  chloride,  was  heated  with  menthol  without 
previous  distillation.  The  reaction  began  at  about  90°,  and  pro- 
ceeded slowly.  After  separation  of  the  free  menthol  and  acid,  as 
described  above,  the  ester  was  obtained  as  a  viscid  liquid  with  a 
pale  yellow  colour.     It  distilled  at  236 — 237°/ 30  mm.,  and  gave  a 


colourless  distillate. 

A  second  distilled  specimen 

is  entered 

last  column : 

Before                       After 
distillation.             distillation. 

Specimen  11 
(distilled). 

a20    

-26-70°                   -26-25° 
24-70                        24-10 

-26-58° 

fllOO     

Specimen  I,  before  distillation  :  d^  =\  -034  ;  df"  =  0-9766  ;  ^  =  302  cm. 
[a]^  -85-39°;  [a]if  -83-69°. 
[M]^»  -247-6°;  [M]r  -242-7°. 

Menthyl  -^-Methoxyhenzoate. — The  para-compound  was  prepared 
in  exactly  the  same  manner  as  the  meta-compound.  The  methoxy- 
acid  melts  at  180 — 182°.  The  reaction  between  the  acid  chloride 
and  menthol  began  a  little  above  100°  and  proceeded  vigorously. 
Nine  grams  of  acid  gave  9-5  grams  of  acid  chloride  and  15  grams 
of  crude  ester.  The  ester  resembles  the  meta-compound.  It  is  a 
viscid  liquid  with  a  faint  yellow  colour,  which  boils  at  229 — 230°/ 
15  mm.,  and  gives  a  colourless  distillate.  Another  distilled  specimen 
is  entered  in  the  last  column  : 

Before  After  Specimen  II 

distillation.  distillation.  (distilled), 

of    27-08°  27-0.5°  26-92° 

»irO  91 -Sn  94-97  
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Specimen  I :  (/f  =1036  ;  di""'  =  0-9766  ;  1^302  em. 
[a]^  -86-47°;  [a]r  -82-30°. 
[M]^  -250-7°;  [M]!f  -238-6°. 

Menthyl  o-Ethoxyhenzoate,  CcH4(OEt)'C02*CjoHi9. — The  ortho- 
ester  was  prepared  in  exactly  the  same  manner  as  the  corresponding 
methoxy-derivative,  using  ethyl  iodide  in  place  of  methyl  iodide. 
The  colourless  ethoxy-ester  distilled  at  180 — 185°/ 113  mm.  The 
ethoxy-acid  melts  at  19 — 20°,  but  owing  to  its  low  melting  point 
it  is  diflBcult  to  crystallise,  and  cannot  be  distilled  undecomposed. 
It  was  therefore  converted  directly  into  the  acid  chloride.  Sixty 
grams  of  salicylic  ester  gave  the  same  weight  of  ethoxy-ester,  from 
which  50  grams  of  ethoxy-acid  were  obtained.  Seventeen  grams  of 
the  acid  gave  22  grams  of  acid  chloride  and  33  grams  of  crude 
ester.  The  reaction  with  menthol  began  at  37°,  and  was  completed 
in  two  to  three  hours  at  100°.  The  menthyl  ester  crystallises  in 
colourless  prisms  from  alcohol  (m.  p.  52 — -53°).  It  could  not  be 
supercooled  to  20°.  Two  specimens  were  prepared,  and  the  mean 
of  the  rotations  taken  for  calculation. 

Specimen  I.  Specimen  II. 

a}^   1500°  15-09° 


Mean:  dr  =  0-9641  ;  i  =  3-02  cm. 
[aP  -51-75°;  [M]r  -157-3°. 

Menthyl  m.-Ethoxyhenzoate. — The  ester  was  prepared  in  the  same 
manner  as  the  TTi-methoxy-ester,  using  ethyl  sulphate  in  place  of 
methyl  sulphate.  The  acid  melts  at  137°.  It  was  converted  into 
the  acid  chloride,  which  distilled  without  decomposition  at 
135 — 140°/ 16  mm.,  and  solidified  on  cooling.  It  crystallises  from 
light  petroleum  in  long  prisms,  melting  at  27 — 28°.  When  heated 
Aith  menthol  the  action  began  about  70°.  After  purification,  the 
lonsisted  of  a  pale  yellow  oil,  which  distilled  undecomposed  at 
18  mm.  Fifteen  grams  of  acid  gave  14-5  grams  of  acid  chloride 
md  22  grams  of  ester.  Two  specimens  were  prepared,  and  the 
"ican  of  the  rotations  taken  for  calculation : 

Specimen  I.  Specimen  II. 

«?     -24-99°  -24-33° 

«r    22-92  22-28 

Mean:  (£»=  1-017;  dr  =  0-9582;  Z=3  02cm. 
W  -80-26'';  [a]ir  -78-10°. 
LM]«>  -  244-0°  ;[Mp  -2374° 

Menthyl  p-Ethoxybenzoate. — The  ester  was  obtained  in  the  same 
manner  as  the  m-ethoxy-compound.  The  acid  melted  at  195—196°. 
The  acid  chloride  is  a  colourless  liquid,  which  distils  undecomposed 
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at  160°/ 20  mm.  On  heating  with  menthol,  the  action  began  al 
130°,  and  the  mixture  was  maintained  at  140°  for  two  hours. 
Twelve  grams  of  acid  gave  9  grams  of  acid  chloride  and  12  grams 
of  ester. 

The  ester,  after  distillation  in  steam,  solidified,  and  was  re- 
crystallised  from  alcohol  (m.  p.  76 — 77°).  It  distils  undecomposed 
at  230 — 235°/ 16  mm.  Two  specimens  were  prepared,  and  gave  the 
following  rotations: 

Specimen  I.  Specimeu  II. 

a}^    -2273°  -22-83'' 

Mean  :  jr  =  0-9622  ;  ^  =  3-02  cm. 

("a]r  -78-39°;  [M]r  -238-3°. 

Menthyl  o-Propoxyhenzoate,  C6H4(0'C3H7)*CX)2"CioHj9.  —  The 
propoxy-methyl  ester  was  obtained  from  methyl  salicylate  and 
propyl  iodide  in  the  usual  way,  and  distilled  at  157 — 163°/45  mm. 
After  hydrolysis  with  20  per  cent,  sodium  hydroxide  solution,  the 
acid  was  precipitated  as  an  oil  of  very  low  melting  point,  which 
could  not  be  recrystallised,  and  was  not  further  purified.  It  was 
converted  directly  into  the  acid  chloride,  which  distilled  at 
147 — 155°/ 12 — 15  mm.  The  reaction  with  menthol  began  at  48°. 
The  menthyl  ester  was  obtained  as  a  solid,  which  crystallised  from 
methyl  alcohol  in  lustrous  leaflets,  melting  at  40 — 41°.  Only  one 
specimen  was  prepared : 

a|?  -16-50°;  ar  -16-40°. 

df  =  1-019;  (ii»«  =  0-9589;  Z  =  3*02  cm. 

[a]^  -53-5°;  [a]r  -56-63° 

[hl]^  -170-4°;  [Mjr  -180-1°. 

Menthyl  vx-Propoxyh enzoate. — Fifty  grams  of  m-hydroxybenzoic 
acid  were  boiled  with  150  c.c.  of  methyl  alcohol  and  10  c.c.  of 
concentrated  sulphuric  acid,  and  yielded  46  grams  of  ester,  melting 
at  68 — 70°.  The  ester  was  boiled  v/ith  one  equivalent  of  sodium 
in  170  c.c.  of  methyl  alcohol,  and  one  equivalent  of  propyl  iodide. 
The  crude  ester  weighed  55  grams,  and  distilled  at  159 — 161°/ 
15  mm.,  yielding  44  grams  of  pure,  colourless  product.  The  ester 
yielded  33  grams  of  acid,  crystallising  in  long  prisms,  melting  at 
71 — 72°.  The  acid  gave  an  equal  weight  of  acid  chloride,  which 
distilled  without  decomposition  at  155 — 160°/ 18  mm.,  and  solidified 
on  cooling.  It  melted  at  26 — 28°.  The  action  with  menthol  began 
at  100°.  Sixteen  grams  of  acid  chloride  gave  22  grams  of  ester, 
which  distilled  undecomposed  at  235°/ 18  mm.: 

aS*  -23-09°;  a^  -21-23°. 

df=  1-010;  dT  =0-9511;  ^  =  3-02  cm. 

[aJS*   -75-65°;  {a]T   -73-93°. 

[MJ^  -240-6°;  [M]rj- 235-1°. 
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Menthyl  p-Propoxybenzoate.—Methjl  p-propoxybenzoate  was  pre- 
pared in  the  usual  way,  and  was  obtained  as  a  pale  yellow  oil,  having 
a  peculiar,  garlic-like  odour  (b.  p.  165— 170°/40  mm.).  It  solidified 
on  cooling,  and  melted  at  15°.  The  acid  obtained  on  hydrolysis 
crystallised  from  alcohol  in  colourless,  glistening  plates,  melting  at 

145 1470.     The  acid  chloride,  which  had  a  green  colour,  distilled 

at  145 — 150°/ 12  mm.  The  action  with  menthol  began  at  79°.  The 
menthyl  ester  crystallised  from  methyl  alcohol  in  tufts  of  colourless 
needles,  melting  at  34 — 35° : 

aS*  -24-12°;  a}f  -21-27^ 
</f=1016;  d]^  =  0-9569  ;  Z  =  302cm. 
[a]^  -78-66°;  [a]r  -73-60° 
[M]^  -250-1°;  [M]r  -234-0°. 

Menthyl  o-isoPropoxybenzoate. — Methyl  o-wopropoxybenzoate  is 
a  colourless  oil,  boiling  at  140 — 145°/ 16  mm.  Only  58  per  cent, 
of  the  theoretical  quantity  of  ester  was  obtained,  part  of  the  original 
methyl  salicylate  being  hydrolysed  in  the  process.  The  acid  was 
obtained  as  an  oil,  which  did  not  crystallise,  nor  could  it  be  purified 
by  conversion  into  a  salt.  It  was  therefore  converted  into  the  acid 
chloride  without  purification.  The  acid  chloride  was  a  brown 
liquid  which  could  not  be  distilled.  It  was  heated  directly  with 
menthol.  The  action  began  at  60°,  and  the  menthyl  ester  obtained 
was  a  dark  red,  viscid  liquid,  which  was  only  partly  decolorised  by 
animal  charcoal.  On  attempting  to  distil  the  ester,  a  pale  yellow 
and  much  more  mobile  liquid  was  collected  at  205 — 2 12°/ 9  mm., 
but  apparently  some  decomposition  had  occurred,  as  a  dark  residue 
remained  in  the  distilling  flask.  Subsequent  analysis  showed  that 
both  the  undistilled  and  distilled  portions  contained  a  small  quantity 
of  phosphorus.  The  dark  colour  of  the  acid  chloride  also  pointed  to 
a  secondary  action  between  the  acid  chloride  and  the  phosphorus 
chloride  or  oxychloride,  and  two  other  preparations  failed  to  give  an 
ester  free  from  phosphorus.  The  rotations  of  these  specimens  were 
higher  than  those  of  the  other  ortho-compounds,  no  doubt  owing 
to  the  presence  of  phosphorus  compound.  The  following  observations 
were  made  with  the  distilled  ester : 

aS  -16-58°;  a'^  -16-29°. 
«^f  =  1034;  dr- 0-9766;  ;=3-02cm. 
[a]*  -53-08°;  [a]r  -56-54° 
[M]??  -168-8°;  [Mp  -175-7°. 

Menthyl  Y>-iBoPropoxybenzoate. — Methyl  p-»«opropoxybenzoate  is 
a  colourless  oil,  boiling  at  159— 162°/ 15  mm.  The  yield  was  70  per 
I'ent.  of  the  theory.  The  p-propoxy-acid  crystallised  from  spirit  in 
colourless  needles,  melting  at  160 — 163°.     The  acid   chloride  was 
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best  obtained  by  the  action  of  phosphorus  pentachloride  in  benzene 
solution.  The  reaction  with  menthol  began  about  78°.  The  ester 
crystallised  from  alcohol  in  colourless  crystals,  melting  at  57 — 58° : 

a^  -23-64°;  ar  -21-08°. 
df  =1-011;  dr  =  0-9514;  1=3-02  cm. 
[a]g»  -77-42°;  [a]r    -73-37°. 
[MJ-g*  -246-1°;  [M]r  -233-3°. 

Menthyl  o -iso  A  myloxyhenzoate,  C6H4(0*C5Hji)*C02*C]oHj9. — 
Methyl  o-«soamyloxybenzoate  is  a  nearly  colourless  oil,  boiling  at 
160 — 164°/ 14  mm.,  the  yield  being  about  45  per  cent,  of  the  theory. 
The  isoamyloxy-acid,  which  was  obtained  as  an  amber-coloured  oil, 
was  purified  by  recrystallisation  of  its  calcium  salt.  The  acid 
chloride  was  prepared  with  phosphorus  pentachloride  in  benzene 
solution,  and  decomposes  on  distillation  under  diminished  pressure. 
The  reaction  with  menthol  began  at  66°,  and  the  resulting  ester 
was  a  pale  brown,  viscid  liquid : 

a??   -16-35°;  ar   -16-16°. 
<=  1-003;  (/r  =  0-9442;  ^=3-02  cm. 
[a]g»  -54-01°;  [a]r  -56-69°. 
[M]^  -186-8°;  [M]r  -196-2°. 

Menthyl  Tti-isoAmyloxyb enzoate. — Methyl  7?i-z'soamyloxybenzoate  is 
an  oil  which  distils  at  185°/ 16  mm.  The  acid,  after  recrystallisation 
from  alcohol,  melted  at  74 — 75°.  The  acid  chloride  was  prepared  in 
benzene  solution,  and  consisted  of  a  brown  liquid  which  could  not 
be  distilled.  The  action  with  menthol  began  at  93°,  and  was  com- 
pleted in  five  hours  at  120°.  When  decolorised  with  animal 
charcoal,  the  ester  formed  a  pale  brown,  viscid  liquid : 

a^   -20-89°;  aj?    -19-41°. 
df  =  0-9947;  dT  =  0-9363;  1  =  302  cm. 
[a]g»  -69-53°;  [a]r  -68-66°. 
[MJ^  -240-6°;  [M]r  -237-6°. 

Menthyl     p-iso  Amyloxyb  enzoate. — Methyl     ^"^'soamyloxybenzoate 
was  obtained  as  a  pale  yellow  oil,   which  distilled   at   175 — 111° j 
13    mm.     The   acid  crystallised  in    colourless  needles,    melting  at   j 
141 — 142°.     The  acid  chloride,  which  was  prepared  by  the  direct   | 
action  of  phosphorus   pentachloride   on  the   acid,  was   a  pale  red   | 
liquid,  which  on  distillation  yielded  a  colourless  liquid,  boiling  at    '-, 
180— 182°/ 12  mm.     The  action  with  menthol  began  at  105°,  and    [ 
was  completed  at  120°.     The  menthyl  ester  is  a  solid,  which,  after   : 
crystallisation     from     methyl    alcohol,     forms    colourless    needles, 
melting  at  54 — 55° : 
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a»   -21-51°;  a}^   -19-18° 
df  =  0-995i;  d'^O-diOO;   Z  =  3-02  cm. 
[a]?*  -71-57°;  [aj^  -67-57°. 
[M]?-  -247-6°;  [M]r  -233-8°. 

Menthyl  o-Allyloxyhenzoate,  C6H4(0-C3H5)-C02-CioHj9.  —  The 
methyl  allyloxy-ester  distilled  at  163°/ 20  mm.  The  acid  crystallised 
from  dilute  alcohol  in  shining  leaflets,  melting  at  60 — 62°.  The 
acid  chloride  was  prepared  in  benzene  solution,  and  was  obtained 
as  a  dark  brown  liquid  which  could  not  be  distilled  without  decom- 
position. The  action  with  menthol  began  at  57°.  The  resulting 
ester,  which  was  dark  red,  was  completely  decolorised  by  animal 
charcoal.  After  recrystallisation  from  alcohol,  it  formed  colourless, 
glistening  leaflets,  melting  at  61 — 62°  : 

a}^  -16-19°.    dr  =  0-9689;  Z  =  3-02cm. 
[a]r  -55  35°;  [M]r  -174-9°. 

Menthyl  ip-Allyloxybenzoate. — The  methyl  allyloxy-ester  distilled 
at  163°/ 15  mm.  It  was  hydrolysed  with  aqueous  sodium  hydroxide, 
and  yielded  an  acid,  which  crystallised  in  leaflets,  melting  at 
160 — 162°.  To  prepare  the  acid  chloride,  the  acid  was  suspended 
in  benzene,  and  phosphorus  pentachloride  added.  The  acid  chloride 
dissolved,  and,  after  removal  of  benzene  and  phosphoryl  chloride, 
remained  as  a  slightly  discoloured  liquid,  which  could  not  be 
distilled.  The  reaction  with  menthol  began  at  85°.  The  menthyl 
ester  is  a  colourless,  viscid  liquid : 

o*  -24-71°;  ar  -21-93°. 
rff=  1-027  ;  dr  =  0-9689;  ^=3  02cm. 
[a]*  -79-69°;  [a]l™  -7495°. 
[M]?  -2518°;  [M]r  -236-9°. 

Menthyl  o-Benzyloxyhenzoate,  CeH4(0-C7H7)'C02'CjoH,9. — Thirty- 
one  grams  of  methyl  salicylate  were  heated  on  the  water-bath  with 
46  grams  of  sodium  dissolved  in  100  c.c.  of  methyl  alcohol,  and 
25  grams  of  benzyl  chloride  for  eight  hours.  To  prevent  bumping 
and  also  to  improve  the  yield,  the  bulk  of  the  methyl  alcohol  was 
first  removed  by  distilling  from  the  water-bath.  The  product  was 
shaken  with  sodium  hydroxide  solution  to  remove  salicylic  ester, 
and  fractionated  to  separate  benzyl  chloride.  Thirty-eight  grams 
of  ester  were  obtained,  boiling  at  215— 21 7°/ 15  mm. '  It  solidified, 
on  cooling,  in  large,  colourless,  prismatic  crystals,  melting  at  46 — 47° 
After  hydrolysis  with  20  per  cent,  sodium  hydroxide,  solution,  the 
liquid  was  extracted  with  ether  to  remove  impurities,  and  acidified. 
The  acid  is  precipitated  at  first  as  an  oil,  but  soon  solidifies,  and, 
after  crystallisation  from  methyl  alcohol,  melts  at  76 — 77°.     It  was 
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treated  in  the  usual  way  with  phosphorus  pentachloride,  and  the 
oxychloride  removed.  The  product  was  a  viscid,  faintly  brown 
liquid,  which  readily  reacted  with  menthol,  yielding  a  semi-solid, 
transparent  substance.  In  spite  of  various  attempts  to  remove 
every  trace  of  phosphoryl  chloride  from  the  acid  chloride,  the 
menthyl  ester  always  contained  an  appreciable  amount  of  phos- 
phorus. Another  preparation  was  therefore  made  with  thionyl 
chloride  in  place  of  phosphorus  chloride,  which  is  probably  purer 
and  has  a  higher  rotation.  In  the  table  on  p.  1735  we  have  given 
the  mean  of  the  two  results. 

I.  (PCI5)  :  4»   -15-55°;  ai?"  -13-90^ 

II.  (SOCIg):  a'^  -  16-23° ;  a^  -14-55° 

I.  df=l-U7;  cZr=  1-089;  ;  =  3-02  cm. 

II.  (^:f=  1-142;  <«=1083;  /  =  3-02  cm. 

I.  [a]'^"  -44  89°;  [a]r  -42-28°. 

IT.  [a]^  -47-07°;  [a]r  -44-49° 

I.  [M]??  -164-3°;  [Mp   -154-7°. 

11.  [M]f?  -172-3°;  [M]r  -162-8° 

Menthyl  p-Benzt/loxybenzoate. — The  methyl  benzyloxy-ester  was 
prepared  like  the  previous  compound,  and  melted  at  99°.  It  was 
hydrolysed  with  20  per  cent,  methyl-alcoholic  potassium  hydroxide 
solution.  The  potassium  salt,  which  separated  on  cooling,  was  re- 
crystallised  from  water,  and  gave  an  acid,  which  crystallised  in 
colourless  needles,  and  melted  at  188 — 190°.  The  acid  was  dissolved 
in  four  to  five  times  its  weight  of  benzene,  and  the  phosphorus 
chloride  added.  On  heating  on  the  water-bath,  the  acid  dissolved, 
and,  on  cooling,  the  acid  chloride  crystallised  in  colourless  needles, 
melting  at  104 — 106°.  It  was  washed  with  light  petroleum,  and 
heated  with  menthol.  The  action  began  about  100°,  and  was 
completed  in  two  hours  at  140°.  The  substance,  which  remained 
liquid  for  some  time,  slowly  crystallised  : 

af»  -22-40°;  ar  -19-75°. 
d^  =  1-064;  (/r=  10015;  Z  =  302  cm. 
[a]|»   -69-68°;  [a]r  -65-29°. 
[M]g'  -255-1°;  [M]r  -238-9°. 

Menthyl  o-Dimethylaminohenzoate,  C^^Q^Mei^'CO^'Cy^^Q. — The 
o-dimethylamino-acid  was  obtained  from  anthranilic  acid  and  methyl 
sulphate  by  Willstatter  and  Kahn's  method  {Ber.,  1904,  37,  408). 
The  anthranilic  acid  is  first  converted  into  monomethylamino- 
benzoic  acid  (m.  p.  177°),  then  into  the  methyl  ester,  which  distils 
at  134 — 135°/ 14  mm.,  and  solidifies  on  cooling  (m.  p.  about 
15 — 16°).  This  is  converted  into  the  dimethylamino-ester,  and 
finally  by  boiling  with   water  into   the  acid.     The   acid  when  re- 
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crystallised  from  ether  melts  at  72°,  and  not  at  70°  as  given  by  the 
authors.  The  acid  was  heated  on  the  water-bath  with  three  times 
its  weight  of  thionyl  chloride,  and  the  excess  removed  in  a  current 
of  dry  air  under  diminished  pressure.  The  residue,  which  had  an 
orange  colour,  was  mixed  with  menthol  and  heated  to  100°.  On 
shaking,  a  vigorous  action  began  with  evolution  of  hydrogen 
chloride,  and  was  completed  at  120°.  The  product  was  a  dark  red 
mass,  from  which  some  of  the  colour  was  removed  aft^r  keeping  for 
several  days  in  ethereal  solution  with  animal  charcoal.  It  was  dis- 
solved in  light  petroleum,  and  precipitated  by  dry  hydrogen  chloride 
as  the  hydrochloride  in  the  form  of  a  viscid  liquid.  This  was 
separated  and  converted  into  the  ester  without,  however,  any  change 
of  colour.  The  product  gave  a  correct  analysis,  and  therefore  we 
are  disposed  to  regard  the  substance  as  moderately  pure: 

ar  -10-24°.     rfr  =  l-019;  1  =  3-02  cm. 
[aj^  -33-29°;  [M]r  -100-9°. 

Menthyl  ■p-Dimethylaminobenzoate. — 2^-Aminobenzoic  acid  was 
converted  into  the  dimethylamino-acid  by  Willstatter  and  Kahn's 
method  (loc.  cit.),  and  melted  at  235°.  It  was  heated  with  three 
times  its  weight  of  thionyl  chloride,  and,  on  removal  of  the  excess 
of  the  latter,  the  acid  chloride  solidified  as  an  orange,  crystalline 
mass.  A  portion  of  this  was  warmed  with  methyl  alcohol,  and  after 
removal  of  the  alcohol  gave  a  crystalline  ester,  which  had  the 
correct  melting  point  (102°).  It  may  be  assumed  therefore  that 
the  acid  chloride  was  moderately  pure.  It  was  heated  with  menthol 
to  120°,  and  the  product  purified  in  the  usual  way.  The  ester  is 
precipitated  as  hydrochloride  from  its  solution  in  light  petroleum, 
but  has  the  same  red  colour  as  the  ortho-compound  both  before  and 
after  precipitation,  and  gave  nearly  the  same  rotation  number : 


Before 

After 

precipitation. 

precipitation. 

-25-56° 

-  25-33° 

dr- 0-9852;  ;  =  3-02  cm. 
[a]}«  -85-13°;  [M]!?'  -257-9°. 

Menthyl  a-Methoxynaphthoate,  C,oHc(OMe)-C02-CioHi9.  —  The 
methyl  ester  was  obtained  by  the  action  of  methyl  iodide  on  the 
silver  salt  of  a-hydroxynaphthoic  acid.  It  forms  red,  prismatic 
crystals,  which,  on  recrystftllisation  from  alcohol  with  the  addition 
of  charcoal,  become  colourless,  and  melt  at  74 — 76°.  The  methoxy- 
ester  is  a  dark  red  oil,  which  became  pale  yellow  on  distillation, 
and  boiled  at  193— 195°/ 17  mm.  It  was  hydrolysed  with  20  per 
cent,  sodium  hydroxide  solution.  The  addition  of  alkali  imme- 
diately produced  a  red  colour,  and  this  red  colour  was  also  observed 


1748      COHEN   AND  DUDLEY  :   THE   RELATION   OF   POSITION 

in  the  different  alkaline  salts  of  the  original  hydroxynaphthoic  acid. 
The  methoxy-acid,  on  recrystallisation  from  alcohol,  gave  colourless 
needles,  melting  at  120 — 123°.  The  acid  chloride,  which  was  pre- 
pared by  the  action  of  phosphorus  pentachloride  in  benzene  solution, 
crystallises  in  fine,  colourless  needles.  The  reaction  with  menthol 
began  at  87°,  and  was  completed  at  120°  in  five  and  a-half  hours. 
The  ester  is  a  very  viscid,  pale  yellow  substance : 

ag*  -25-43°;  alf  -21-69°. 
rff  =  1-076  ;  rfr=  1-022  ;  ^  =  3-02  cm. 
[a]^  -78-27°;  [af^'  -70-32°. 
[MJ^  -266-2°;  [Mp  -239-0. 

Menthyl  ^-Methoxyna'phthoate. — )8-Hydroxynaphthoic  acid  was 
converted  into  the  methyl  ester  by  boiling  50  grams  with  200  c.c.  of 
methyl  alcohol  and  10  c.c.  of  concentrated  sulphuric  acid.  It 
yielded  46  grams  of  crude  ester,  which,  after  crystallisation  from 
alcohol,  consisted  of  pale  yellow  needles  (m.  p.  73 — 74°).  This  was 
converted  in  the  usual  way  into  the  methoxy-ester,  boiling  at 
217°/20  mm.  It  solidified,  on  cooling,  in  massive  plates  (m.  p. 
45 — 47°).  It  was  hydrolysed  in  the  ordinary  way,  and  the  acid, 
when  crystallised  from  alcohol,  melted  at  126 — 130°.  It  was  con- 
verted into  the  acid  chloride  by  heating  with  an  equal  weight  of 
phosphorus  pentachloride,  and,  when  freed  from  oxychloride, 
crystallised.  The  action  with  menthol  began  on  warming  gently. 
The  menthyl  ester  solidified ;  it  melts  at  88-5 — 90° : 

a?   -16-20°;  ar   -1450°. 
(/f  =  1  083  ;  Jr  =  1  025  ;  /  =  3-02  cm. 
[a]??  -  48-94°  ;  [a]r  -  46-84°. 
[M]^  -166-4°;  [M]r  -159-2°. 

Menthyl  ^-Benzyloxynaphthoate,  CiQHg(0'C7H7)*C02*CioHi9. — The 
methyl  ester  was  obtained  by  acting  on  the  sodium  compound  of 
;8-hydroxynaphthoic  ester  with  benzyl  chloride,  and  formed  a  dark 
red,  viscid  liquid,  which  could  not  be  distilled.  It  was  hydrolysed 
with  20  per  cent,  alcoholic  potash.  The  acid  was  precipitated  as 
a  sticky  mass,  which  solidified  on  keeping,  and  crystallised  from 
alcohol  in  colourless  needles,  melting  at  130 — 132°.  The  acid 
chloride  was  obtained  as  a  hard,  transparent,  yellow  mass  by  the 
action  of  phosphorus  pentachloride  in  benzene  solution.  The 
menthyl  ester  was  prepared  by  heating  the  acid  chloride  with 
menthol  to  120°  for  six  and  a-half  hours.  The  reaction  began  at 
85°.  The  menthyl  ester  is  a  brown,  transparent  solid,  which  is 
very  viscid  at  100° : 

ag"  -  29-46°  ;  ar   -  24-87°. 

</f  =  l-118;  6/^=1-058;  ^  =  302  cm. 
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[a]^  -87-27°;  [a]r  -77-82°. 
[M]*  -363-0°;  [.M]r  -324-4°. 

Menthyl  o-Tolnate,  CgH^Me'COo'CioHig. — The  acid  chloride,  pre- 
pared by  the  action  of  phosphorus  pentachloride  on  the  acid,  is  a 
colourless  liquid  (b.  p.  99 — 103°/ 11  mm.).  The  action  with  menthol 
began  at  68°.  The  menthyl  ester  is  a  colourless,  viscid  liquid, 
which  distils  at  213— 215°/25  mm.: 

Undistilled.  Distilled. 

af      -25-45°  -25-43° 

aj,* 23-05  23-07 

<ff  =  0-9982;  dj'»  =  0  9383;  ^  =  3-02  cm. 
[a]^  -84-35°;  [a]ir  -81-41°. 
[M]^  -2311°;  [xMjr  -223-1°. 

Menthyl  m-toluafe  was  prepared  as  above.  The  acid  chloride  is 
a  colourless  liquid,  boiling  at  136 — 138°  31  mm.  The  reaction  with 
menthol  began  at  97°.  The  menthyl  ester  is  a  colourless,  rather 
viscid  liquid,  boiling  at  228— 229°; 36  mm.: 

Undistilled.  Distilled. 

a»      --26-47°  --26-31° 

aJJ»    24-29  24-18 

rf"f  =  0  9946;  df"  =  09352  ;  l  =  3-02  cm. 
[a]»  -87-59°;  [ap  -85-63°. 
[MJ^  -240-0°;  [Mp  -234-7°. 

Menthyl  p-toluate  was  prepared  as  above.  The  acid  chloride  is 
a  colourless  liquid.  The  reaction  with  menthol  began  at  78°.  The 
menthyl  ester  is  a  colourless,  crystalline  substance,  boiling  at 
196— 198°/ 11  mm.,  and  melting  at  40—41°: 

Undistilled.  Distilled. 

dl'      -27-02°  -26-99° 

aj,""     24-36  24-40 

</?  =  0-9937;  <fr  =  0-9336;  ;=  3-02  cm. 
[oj?  -89-93°;  [a]r  -86-56°. 
[MJf  -246-4°;  [M]{«  -237-2°. 

Menthyl  Phenylacetate,  CeH5-CH2-CX).-C,oHj9.— The  action  of 
menthol  on  phenylacetyl  chloride  began  at  50°.  The  ester  is  a 
colourless,  mobile  liquid,  boiling  at  192 — 197°/ 10  mm. : 

UndistilleiL  Distille<l. 

a*  -20-85'  -20-79' 

•I,*    18-74  18-61 

<if=1002;  dl«  =  0-9400;  /  =  3-02  cm. 
[a|f  -68-70°;  [a]ir  -65-56° 
[M]*  -188-2°;  [M]ir  -179-6°. 
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Menthyl  henzoate,  CgHj'COg'CioHjg,  was  obtained  by  the  action 
of  menthol  on  benzoyl  chloride,  which  began  at  88°.  The  ester 
is  a  colourless,  crystalline  solid,  melting  at  54°.  In  order  to  deter- 
mine the  rotation  and  density  at  20°,  the  rotation  at  100°  was  first 
determined,  and  the  liquid  allowed  to  cool  somewhat,  when  a  current 
of  water  at  20°  was  allowed  to  run  through  the  jacket  of  the 
polarimeter  tube  for  some  time.  As  soon  as  the  first  indications  of 
crystallisation  appeared,  a  reading  was  taken,  and  the  process 
repeated.  The  density  was  first  taken  in  the  pyknometer  at  100°, 
and  then  the  liquid  supercooled  in  water  at  20°.  As  crystallisation 
always  commenced  at  the  ends  of  the  limbs,  it  was  found  that  by 
keeping  the  ends  warm  by  touching  them  occasionally  with  the  tip 
of  a  Bunsen  flame,  crystallisation  could  be  prevented  for  any  length 
of  time : 


ag*  -27-83°;  ar  -25-45°. 
df=  1-002;  <ir  =  0-9417;  Z=  3-02  cm. 
[a]l  -91-95°;  [a]r   -89-47°. 
[MJg"  -239-0°;  [Mj^  -232-7°. 

The  following  t-able  contains  the  analytical  results : 


Ester. 


Substance 
taken. 


COo. 


o-Methoxybenzoic  ester 0 

m-Methoxybenzoic    ,,    0 

jw-Methoxybenzoic     ,,  0 

o-Ethoxybenzoic        ,,   0 

9H,-Ethoxybenzoic      ,,   0 

^)-EtboxybeTizoic        , 0 

o-Propoxybenzoic      ,,   0 

?)i-Propoxybenzoic     ,,     0 

^-Propoxybenzoic      ,,   0 

0- wo Propoxy benzoic  ester...  0 

^-woPropoxybenzoic     ,,    ...  0 

o-t'so Amy loxy benzoic    ,,    ...  0 

m-isoAmyloxybenzoic  ,,    ...  0 

^j-MoAmyloxybenzoic    ,,    ...  0 

o-Allyloxybenzoic        ,,    ...  0 

ju-AUyloxybenzoic        ,,    ...  0 

o-Benzyloxybenzoic      ,,    ...  0 

;)-Benzyloxybenzoic     ,,    ...  0 

o-Methoxynaphthoic    ,,    ...  0 

j3-Methoxynaphthoic   ,,    ...  0 

/3-Benzyloxynaphthoic  ester  0 


•1409 

0-3855 

0- 

-1364 

0-3:21 

0- 

•1542 

0^4200 

0 

•1423 

0^3874 

0- 

•1432 

0-3921 

0- 

•1.544 

0^4216 

0- 

•1641 

0^4539 

0- 

•1645 

0^4  5.58 

0- 

1551 

0^4289 

0- 

•1680 

0-4560 

0- 

•1674 

0-4616 

0^ 

•1618 

0^4508 

0 

-1550 

0^4280 

0 

-1432 

0-3982 

0' 

•1587 

0^4410 

0- 

-1589 

0-4414 

0^ 

•1612 

0^4620 

0- 

-1618 

0-4653 

0- 

•1639 

0-4655 

0^ 

-1357 

0-3865 

0^ 

1649 

0-4849 

0^ 

H20. 

•1149 

•1083 
•1248 
-1184 
-1197 
•1295 
•1.385 
•1410 
-1330 
•1404 
•1412 
•1431 
•1374 
■1265 
-1274 
1261 
•1061 
•1231 
•1221 
•1008 
•1132 


C  C  H         H 

found,     calc.    found,   calc. 


74-64)  9 

74-39  [74-48  8 

74  27  J  8 

74-27  \  9 

74-68  [-74^56  9 

74-47J  9 
75^50 


75-60 

75^44 

74-10 

75-20 

76  0 

75-43 

75-90 

75-80  \ 

75-80/ 

78-20  \„ 

78-60/' 

77^55  I  77.-0 
77.57  |77  /U 

80^29     8076 


76  ^30 


76^0 


70 


9 

9 

75-50     9 


05  ^ 


•96 


82    r, 

99  J 

17) 

30  V9-24 

32  j 

37" 

50 

53 

29 

37 

83 

85 

81 

92 

82 

82 

45 

27 

25 

62 


^9-40 


-80 


|-8-8 

18-20 

1 8-20 
7-69 


0-Dimethylaminobenzoic  ester :  0*2264  gave  95  c.c.  N2  (moist)  at 
19°  and  752  mm.     ]Sr  =  4-80.     Calc,  N  =  4-90  per  cent. 

p-Dimethylaminobenzoic  ester:  02105  gave  83  c.c.  No  (moist)  at 
21°  and  744  mm.     N  =  4-52.     Calc,  N  =  4-90  per  cent. 
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CLXXXV. — A  Study  of  Some   Unsaturated  Compounds 

Containing  the  tevt. -Butijri/l  Group.     Part  I. 

By  Alfred  Archibald  Boon  and  Forsyth  James  Wilson. 

One  of  us  has  recently  shown  that  the  action  of  phosphorus  penta- 
sulphide  on  desylpinacoline  appears  to  be  abnormal  (this  vol., 
p.  1257).  With  the  view  of  investigating  the  action  of  organic 
compounds  of  sulphur  on  substances  containing  the  ter t.-hntyrjl 
group,  we  intend  studying  some  of  the  ketones  having  the  general 
formula  R-CHICH'CO'CMeg,  where  R  is  invariably  an  aryl  radicle. 
Some  years  ago  a  number  of  such  compounds,  which  are  related 
to  benzylidenepinacoline  (Ber.,  1897,  30,  2268),  were  prepared  by 
us.     One  of  these,  namely,  furyUdenepinacoHne, 

C4H30-CH:CH-CO-CMe3, 
a  pale  yellow,  oily  liquid  with  a  very  characteristic  odour,  was  found 
to  be  vigorously  attacked  by  bromine  with  apparent  decomposition ; 
so  we  were  induced  to  try  the  action  of  bromine  on  some 
of  our  other  preparations.  The  results  of  our  investigation  on 
piperonylidenepinacoline  form  the  subject  of  this  communication. 
By  means  of  aqueous  sodium  hydroxide,  piperonal  can  be  condensed 
with  pinacoline  in  alcoholic  solution,  with  the  formation  of 
piperont/lidenepinacoline  (a-tevt.-buti/ryl-^jnperonylethi/lene),  ac- 
cording to  the  following  equation  : 
CHoIOoICeHg-CHO  +  CHa'CO-CMes  = 

CH2:02:C6H3-CH:CH-CO-CMe3  +  H2O. 
This  compound  melts  at  94 — 95°,  and  is  attacked  by  bromine  at 
the  ordinary  temperature,  forming  chiefly  piperonylidenepinacoline 
dibromide,  CH2:02:CcH3-CHBr-CHBr-CO-CMe3  (m.  p.  138—139°), 
and  also,  to  a  small  extent,  another  substance,  which  apparently 
is  a  monobromo-compound  (m.  p.  110 — 111°),  and  may  be  repre- 
sented by  either  of  the  following  formulae : 

CHglOatCeHs'CHICBr-CO-CMes  or  CHglOolCcHs-CBrlCH-CO-CMes. 
a-Conipouud.  3-Coujj)ound. 

In     brominating     piperonylidenepinacoline,    we     tried     various 
solvents.     Chloroform  was  found  to  be  the  best,  glacial  acetic  acid 
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suitable,  but  carbon  disulphide  of  very  little  value,  very  poor  yields 
being  obtained  in  this  case. 

When  piperonylidenepinacoline  dibromide  was  boiled  with  abso- 
lute alcohol,  after  a  time  it  was  found  that  the  latter  gave  an  acid 
reaction,  and  a  compound  was  ultimately  obtained  which  still 
contained  bromine.  These  fa<;ts,  coupled  with  our  analysis  of  the 
substance,  appeared  to  show  that  one  of  the  bromine  atoms  of 
piperonylidenepinacoline  dibromide  had  been  replaced  by  an 
ethoxy-group : 

CHglOglCfiHg-CHBr-CHBr-CO-CMeg      — ^^^ 

CH2:02:CgH3-CHBr-CH(OEt)-CO-CMP3  (a) 
or  CH2:02:C6H3-CH(OEt)-CHBt -CO-CM eg  (jS) 

This  compound  melts  at  82 — -83°,  and  was  found  to  be  identical 
with  that  produced  by  boiling  piperonylidenepinacoline  dibromide 
with  one  molecular  proportion  of  potassium  hydroxide  in  alcoholic 
solution,  the  above  reaction  no  doubt  taking  place,  but  the  hydro- 
bromic  acid  in  this  case  being  neutralised  by  the  alkali  present. 
When,  however,  piperonylidenepinacoline  dibromide  was  treated 
with  two  molecular  proportions  of  potassium  hydroxide  in  alcoholic 
solution,  three  compounds  were  obtained.  One  of  these,  which 
constituted  the  chief  product  of  the  reaction,  was  ethoxy- 
piperonylidenepinacoline,  which  we  have  provisionally  formulated 
as  the  )8-compound,  CH2:02:C6H3-C(OEt):CH-CO-CMe3  (m.  p. 
112—113°). 

The  other  compounds  were :  a  substance  having  the  same  com- 
position as  the  )8-compound  and  probably  isomeric  with  it  (a-com- 
pound)  (m.  p.  86 — 87°),  and  also  a  substance  containing  bromine, 
which  appeared  to  be  identical  with  the  ethoxy-derivative  (a  or  fi) 
(m.  p.  82 — 83°)   already  referred  to. 

The  latter  substance  seems  therefore  to  be  the  initial  product  of 
the  reaction,  and  hence  the  possible  changes  involved  in  the 
formation  of  the  compounds,  obtained  when  an  alcoholic  solution 
of  potassium  hydroxide  is  allowed  to  act  on  piperonylidenepinacoline 
dibromide,  may  be  represented  by  the  following  scheme : 

I.  R-CHBr-CHBrR'  -|-  EtOH  =  R-CHBr-CH(OEt)R'(a)  +  HBr 

(neutralised  by  KOH) 
or  R-CH(0Et)-CHBrR'(/8)-t-HBr 

(neutralised  by  KOH) 

II.  R-CHBr-CH(OEt)R'  +  KOH  =  R-CH:C(OEt)R'(a)  +  KBr  +  HjO. 

(M.  p.  86—87°). 
and  R-CH(OEt)-CHBrR'  +  KOH  =  R-C(0Et):CHR'(/8)  + 

(M. p.  112— 113°)    KBr-t-H20. 

where  R  and  R'  represent  respectively  CH2*02*CeH3-  and  -CO'CMej. 
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These  ethoxy-compounds  may,  however,  be  stereoisomerides,  and 
it  is  interesting  to  note  that  they  are  analogues  of  the  ethyl  ether 
of  dibenzoylmethane  obtained  by  Ruhemann  and  Watson  in  their 
critical  study  of  Wislicenus's  isomeride  of  dibenzoylmethane  (Trans., 
1904,  85,  456).  Piperonylidenepinacoline,  when  a<;ted  on  by 
hydroxylamine  hydrochloride  at  the  ordinary  temperature,  yields 
an  (Krime  (m.  p.  144—145°). 


Experimental. 

Piperonylulenepinacoline    {a-tQxt.-Butyryl-^-'pi'peronylethylene), 
CHoIOalCeHa'CHICH-CO-CMea. 

To  a  solution  containing  90  grams  of  piperonal  and  64  grams  of 
pinacoline  in  450  c.c.  of  absolute  alcohol,  100  c.c.  of  a  10  per  cent, 
solution  of  sodium  hydroxide  were  added.  This  mixture  was  heated 
for  ten  minutes  on  a  water-bath,  and  then  kept  for  twenty-four 
hours  at  the  ordinary  temperature. 

The  crystalline  mass  thus  obtained  was  collected,  and  to  the 
filtrate  50  c.c.  of  a  20  per  cent,  solution  of  sodium  hydroxide  were 
added.  After  keeping  for  a  day,  a  crystalline  precipitate  was 
again  obtained ;  this  was  collected,  and  the  filtrate,  to  which  25  c.c. 
of  a  20  per  cent,  solution  of  sodium  hydroxide  were  added,  was 
kept  for  two  days.  A  further  yield  of  the  crude  crystalline  product 
was  thus  collected,  and  the  filtrate  precipit^ated  with  water.  The 
various  crops  of  the  crude  mother  substance  obtained  in  these 
operations  were  purified  by  crystallisation  from  boiling  alcohol. 
The  yield  was  extremely  good : 

01824  gave  0-4823  COg  and  01141  H.3O.     C  =  72-11;  H  =  6-95. 

01891     „    0-5007  CO,     „    01179  HoO.     C  =  72-21j  H  =  6-93. 

01993,  in  4815  of  nitrobenzene,  gave  A<  =  -  0127°.  M.W.  =  228. 
CuHjeOg  requires  C  =  7241 ;  H  =  6-89  per  cent.     M.W.  =  232. 

PiperonylidenepiiKicoline  melts  at  94 — 95°.  When  crystallised 
from  absolute  alcohol,  it  is  obtained  in  pale  yellow  needles.  It  is 
very  soluble  in  benzene  or  chloroform,  but  less  so  in  light  petroleum. 

Action  of  Bromine  on  Piperonylidenepinacoline. 

As  stated  in  the  introduction,  chloroform  was  found  to  be  the 
best  solvent  in  this  reaction.  Piperonylidenepinacoline  was  dis- 
solved in  dry  chloroform,  the  calculated  quantity  of  dry  bromine 
(2  mols.),  dissolved  in  dry  chloroform,  was  gradually  added,  and  the 
solvent  afterwards  removed  by  a  current  of  dry  air.  The  residue 
was  then  fractionally  crystallised  from  glacial  acetic  acid.  A  very 
good  yield  (75    per  cent.)  of  piperonylidenepinacoline    dibromide, 
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CHglOglCeHg-CHBi-CHBr-CO-CMea,  which  was  the  main  product, 
was  thus  obtained : 

0-2548  gave  0-2458  AgBr.     Br -41-02. 

01171     „     0-1124  AgBr.     Br  =  40-93. 

O^^^^i^O^Bt^  requires  Br  =  40-81  per  cent. 

Fiperont/lidenejnnacoline  dihromide  melts  at  138 — 139°,  and  can 
be  obtained  in  colourless  needles  from  light  petroleum,  in  which  it 
is  sparingly  soluble.  It  dissolves  readily  in  benzene,  but  less  so  in 
acetic  acid.  In  this  reaction,  to  a  small  extent,  another  substance 
was  obtained  in  short,  colourless  prisms  from  light  petroleum.  It 
was  found  to  be  more  soluble  in  acetic  acid  (and  the  other  solvents 
mentioned  above)  than  the  dibromide,  and  appears  to  be  a  mono- 
bromide  of  piperonylidenepinacoline : 

CHglOglCeHs-CHICBr-CO-CMes,  o-compound,  or 

CHalOalCeHa'CBrlCH-CO-CMes,  iS-compound. 

This  substance  melts  at  110 — 111°,  and  is  apparently  unsaturated, 
as  it  combines  with  bromine  in  chloroform  solution : 

0-1659  was  found  equivalent  to  5-15  c.c.  i\^/10-AgNO3.  Br  =  24-83. 
Ci^H^jOsBr  requires  Br  =  25*72  per  cent. 

A  number  of  analyses  were  made  of  this  compound,  but  in  every 
case  the  result  obtained  was  low. 

Action  of  Ethyl  Alcohol  on  Piper onylidenepinacoline  Dihromide : 
Formation  of  Bromoethoxypiperonylidenepinacoline. 

CH2:02:C6H3-CHBr-CH(OEt)-CO'CMe3,  o-compound,  or 
CH2:02:CoH3-CH(OEt)-CHBr-CO-CMe3,  )8-compound. 

Piperonylidenepinacoline  dibromide  was  boiled  with  absolute 
alcohol,  in  which  it  gradually  dissolved,  the  solution  giving  an  acid 
reaction.  After  about  four  hours'  boiling,  the  solution,  on  cooling, 
deposited  fine,  colourless  needles,  which  were  collected  and  re- 
crystallised  from  boiling  alcohol.  As  mentioned  above,  in  this 
reaction  an  atom  of  bromine  in  the  dibromide  is  apparently  replaced 
by  an  ethoxy-group : 

0-1474  was  found  equivalent  to  4-10  c.c.  iT/lO-AgNOg.  Br  =  22-25. 
Ci(5H2i04Br  requires  Br  =  22-40  per  cent. 

Bromoethoxypiperonylidenepinacoline  melts  at  82 — 83°,  and  can 
also  be  obtained  by  the  action  of  one  molecule  of  potassium 
hydroxide  on  an  alcoholic  solution  of  piperonylidenepinacoline  di- 
bromide. An  estimation  of  the  bromine  contained  in  the  compound 
obtained  by  this  method  gave  the  following  result : 

01850  was  found  equivalent  to  5-20  c.c.  iV^/lO-AgNOg.  Br  =  22-49. 
CieH2i04Br  requires  Br  =  22*40  per  cent. 
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(The  average  result  of  a  number  of  analyses,  made  -with  samples 
obtained  by  both  methods  of  production,  gave  Br  =  22'12  per  cent.) 

Action  of  Potassium  Hydroxide  (2  mols.)  on  Piferonylidene- 
pinacoline  Dibromide  in  Alcoholic  Solution:  Formation  of 
Ethoxypiperonylidenepinacoline  (o  and  j8). 

CH2:02:C6H3-CH:C(OEt)-CO-CMe3,  a-compound  (?),  and 

"  CH2:02:C6H3-C(OEt):CH*CO-CMe3,  )8-compound  (?). 

Piperonylidenepinacoline  dibromide  was  dissolved  in  hot  alcohol, 
and  the  necessary  quantity  (2  mols.)  of  potassium  hydroxide  dis- 
solved in  absolute  alcohol  added;  potassium  bromide  was  at  once 
precipitated,  and,  to  complete  the  action,  the  mixture  was  warmed 
for  one  hour  on  the  water-bath.  The  solution,  after  being  filtered, 
was  evaporated,  and  the  residue  extracted  with  ether  to  remove 
potassium  bromide.  The  ethereal  solution  was  next  evaporated, 
and  the  residue  recrystallised  from  light  petroleum.  In  this  way 
there  was  obtained  a  colourless,  crystalline  substance,  which,  after 
recrystallisation  from  alcohol,  and  then  from  a  mixture  of  benzene 
and  light  petroleum,  melted  at  112 — 113°.  This  constituted  the 
main  product  of  the  reaction.  From  the  mother  liquor  there  was 
obtained — in  small  amount  only — a  colourless,  crystalline  sub- 
stance, which,  after  recrystallisation  from  alcohol,  melted  at 
86 — 87°.  The  light  petroleum  mother  liquors,  on  evaporation,  gave 
a  large  quantity  of  oil,  which,  after  some  time,  partly  solidified, 
giving  a  further  yield  of  the  main  product  (m.  p.  112 — 113°), 
whilst  the  residual  oil,  on  cooling  and  long  keeping,  solidified  to  some 
extent,  and  yielded  a  substance  melting  at  82 — 83°,  which  in  its 
general  behaviour  was  apparently  identical  with  the  substance, 
CH2:Oo:C6H3-CHBr-CH(OEt)'CO-CMe3or 

CH2:02:C6H3-CH(OEt)-CHBr-CO-CMe3, 
already  mentioned. 

The  analytical  results  for  the  substances  melting  at  112 — 113° 
and  86 — 87°  are  as  follows : 

Substance  melting   at   112 — 113°. 

01122  gave  0-2857  CX)2  and  00750  HgO.     C  =  69-43;  H  =  7-48. 

0-1195     „    0-3044  CO2    „    00782  H2O.     0  =  6946;  H  =  7-28. 

0-301(7,  in  25-33  of  nitrobenzene,  gave  A<=  -0290°.    M.W.  =  285. 

CicHjoO^  requires  C  =  6956 ;  H  =  724  per  cent.     M.W.  =  276. 

Substance  melting  at  86 — 87°. 

0-1382  gave  03552  COo  and  00907  HgO.     C  =  7009;  H  =  7-29. 

Ci6H..,o04  requires  0  =  6956;  H  =  7-24  per  cent. 
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Action  of  Hydroxylamine  07i  Piperont/UdenejnnacoUne. 

Piperonylidenepinacoline  yields  an  oxime,  C14HJ7O3N.  Tliis  was 
prepared  by  the  action  of  2*08  grams  of  hydroxylamine  hydro- 
chloride on  2"32  grams  of  the  ketone  in  presence  of  3  grams  of 
potassium  acetate.  The  oxime  was  precipitated  by  the  addition  of 
water,  and  purified  by  recrystallisation  from  alcohol.  It  is  a  colour- 
less, crystalline  substance,  melting  at  144 — 145°: 

0-1880  gave  9-8  c.c.  Ng  (moist)  at  16-6°  and  741  mm.     N  =  5-92. 

0-1630     „     8-5  c.c.  N2  (moist)  „  21-6°     „    767  mm.     N  =  5-94. 
C14H17O3N  requires  N  =  5*67  per  cent. 

We  are  continuing  this  investigation,  more  particularly  with  the 
object  of  obtaining  some  knowledge  of  the  constitution  of  the  ethoxy- 
derivatives  mentioned  above,  and  of  extending  our  work  to  sub- 
stances having  the  general  formula  R'CHICH'CO'CMeg  referred  to 
in  the  introduction. 

Chemical  Laboratories, 
Hkriot  Watt  College,  Edinburgh, 
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CLXXXVI. — Carhoxylic   Acids   of  cycloHexanone  and 
some  of  its  Derivatives. 

By  Henry  Dent   Gardner,  William   Henry  Perkin,   jun.,  and 
Hubert   Watson. 

The  present  investigation  had  for  its  principal  object  an  attempt 
to  devise  a  method  by  which  certain  unsaturated  acids,  required 
for  synthetical  experiments  in  the  terpene  group,  could  be  obtained 
in  quantity  sufficient  for  that  purpose.  It  has,  for  example,  already 
been  shown  (Perkin  and  Tattersall,  Trans.,  1905,  87,  1085)  that 
7w-toluic  acid  is  converted  by  reduction  and  subsequent  bromination 
and  elimination  of  hydrogen  bromide  into  a  mixture  of  1-methyI- 
A^-  and  A^-cycZohexene-S-carboxylic  acids: 
CHMe<gg2-CH(C0,H)^Qjj^       _^ 

CHMe<gW(CO^.H)^^jj^    ^ 
CHMe<^[}-^!^(5}j)>CH,    and     CHMe<g|}^'^^^^^{])>CH. 
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but  the  process,  involving,  as  it  does,  reduction  with  sodium  and 
«oamyl  alcohol,  is  an  unpleasant  and  tedious  one,  and,  furthermore, 
the  isomeric  acids  are  difficult  to  separate.  Consequently,  the 
terpineols  and  terpenes  obtained  from  these  acids  could  not  be 
investigated  in  so  thorough  a  manner  as  was  desirable. 

Now,  it  seemed  possible  that  a  more  convenient  method  of 
preparation  of  l-methyl-A^-cycZohexene-S-carboxylic  acid  might 
result  from  the  following  series  of  decompositions. 

l-MethykycZohexan-4-one,  which  is  now  readily  obtained  in 
quantity  from  p-cresol  by  the  Sabatier-Senderens  process,  might  be 
readily  converted  into  l-methykyc?ohexan-4-one-3-carboxylic  acid 
by  the  action  of  sodamide  and  carbon  dioxide,  and  this  acid,  on 
reduction,  should  yield  l-methylcycZohexan-4-ol-3-carboxylic  acid, 
from  which  by  the  elimination  of  water,  l-methyl-A^-cycZohexene- 
3-carboxylic  acid  might  be  expected  to  result : 

CHMe<«^^:,C^J>CO     ^     CHMe<H.:CH(CO,H)>^^    ^ 
CHMe<CH,-CH(CO^H)>pjj.ojj  _^  CHMe<C|2:C(C0^H)^pjj 

-  z  2  2 

In  a  later  communication  it  will  be  shown  that  this  unsaturated 
acid  may,  in  fact,  be  conveniently  prepared  by  this  process,  and  in 
quantity  sufficient  to  allow  of  the  complete  characterisation  of  the 
terpineol  and  terpene  derived  from  it.  It  has  also  been  found 
possible  to  prepare  sufficient  of  this  acid  to  allow  of  its  resolution 
by  means  of  the  brucine  salt,  and  the  preparation  and  examination 
of  the  active  terpineols  and  terpenes  derived  from  the  d-  and 
/-acids  thus  obtained  is  in  active  progress.  There  can  be  no  doubt 
that  other  unsaturated  acids  of  this  kind  will  result  from  a  similar 
series  of  reactions  carried  out  with  the  aid  of  suitable  derivatives 
of  cy<r/ohexanone.  The  action  of  sodium  or  sodamide  and  carbon 
dioxide  on  cyclic  ketones  does  not  appear  to  have  been  investigated, 
'ind  the  present  communication  deals  with  the  conditions  under 
which  such  action  takes  place,  and  with  the  reduction  of  the 
resulting  ketonic  acids  to  the  corresponding  hydroxy-acids. 

Because  it  is  the  cyclic  ketone  that  is  most  readily  obtained  in 
*  pure  condition,  the  first  experiments  were  made  with  cyclo- 
hexanone  itself,  and  it  was  found  that  this  ketone  is  converted  into 
'•yf/ohexanone>2-carboxylic  acid : 

when  its  solution  in  ether  is  treated  first  with  sodamide  and  then 
with  carbon  dioxide. 
The  ester  of  this  acid  had  already  been  prepared  by  Dieckmann 

5  z  2 
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(Annalen,   1901,  317,   93)  from   ethyl   pimelate  by  the  action   of 

sodium : 

^„  ^CH^-CH^-CO^Et  ^      p„  /CH2-CH(C02EtKp^ 

^^2^CH'-CH2-C02Et     ~^      '"^'^CHg CH.^-^^^' 

but,  owing  to  it^  instability,  it  was  not  found  possible  to  obtain 
the  free  acid  by  the  hydrolysis  of  this  ester.  cycZoHexanone- 
2-carboxylic  acid  melts  and  decomposes  at  81 — 82°,  and  gives  an 
intense  purple  coloration  when  ferric  chloride  is  added  to  its  aqueous 
solution.  It  is  readily  reduced  by  sodium  amalgam  to  cyclo- 
hexanol-2-carboxylic  acid  (hexahydrosalicylic  acid)  : 

which  melts  at  111°,  and  had  already  been  obtained  by  Dieckmann 
(Ber.,  1894,  27,  2745)  from  ethyl  cycZohexanone-2-carboxylate  by 
reduction  with  sodium  amalgam  and  water.  It  is  well  known  that, 
when  salicylic  acid  is  reduced  in  isoamyl-alcoholic  solution  with 
sodium,  it  does  not  yield  hexahydrosalicylic  acid,  but  that  fission 
of  the  ring  occurs,  and  the  product  is  pimelic  acid.  Einhorn  and 
Meyenberg  (Ber.,  1894,  27,  2466),  however,  showed  that  anthranilic 
acid  may  be  reduced  to  hexahydroanthranilic  acid,  and  that  this 
acid,  when  treated  with  nitrous  acid,  is  decomposed  with  formation 
of  hexahydrosalicylic  acid : 

CH   <'^^2"<^H(C02H)\^p,TT.-v^TT  _^ 

CH2<^|2^"^02g)>CH.OH. 

We  next  experimented  on  the  action  of  sodamide  and  carbon 
dioxide  on  l-methykyc^ohexan-2-one,  and  obtained  \-methylcyc\o- 
hexan-1-one-Z-carhoxylic  acid,  and  from  this,  by  reduction  with 
sodium  amalgam,  we  prepared  \-methylcyc\ohexan-2-ol-'6-carhoxylic 
acid. 

With  regard  to  the  constitution  of  the  ketoacid,  it  is  clear  that 
there  are  two  isomerides  which  might  conceivably  be  produced  by 
the  action  of  sodamide  and  carbon  dioxide  on  1-methylcyc^ohexan- 
2-one,  namely : 

CHMe<^^j^(^(^^)>CH2  and  C02H-CMe<^^~^^2>CH2. 

l-Methylcj/cZohexan-2-onc-3-  l-Metliylc//cZolioxan-2-oue-l- 

carboxylic  acid.  carhoxylic  acid. 

Since,  however,  the  acid  actually  produced  gives  an  intense 
coloration  with  ferric  chloride,  it  cannot  be  l-methylfyc?ohexan- 
2-one-l-carboxylic  acid,  and  must  therefore  be  1-methylcycZohexan- 
2-one-3-carboxylic  acid.  More  interesting  results  were  obtained 
during  the  course  of  our  experiments  on  the  action  of  sodamide  and 
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carbon  dioxide  on  l-methylcyc^hexan-3-one.  We  investigated,  in 
the  first  place,  the  behaviour  of  the  dl-ketone  under  these  conditions, 
and  found  that  it  was  comparatively  readily  converted  into  a 
keto-acid,  which  is  probably  dl-l-methi/lcyclohexanr-S-one-A-carb- 
oxylic  acid: 

CHMe<^g2-^^>CH-C02H, 

but  in  -which  the  carboxyl  group  may  possibly  occupy  the 
2-position. 

This  acid  melts  at  100 — 103°,  yields  an  ester  distilling  at 
132 — 135°/ 24  mm.,  and  is  reduced  by  sodium  amalgam  to 
dl-l-metht/lcyc\o?iexan'3-ol-4:-carboxi/lic  acid  (m.  p.  129 — 130°). 
Ethyl  l-methylcyc/ohexan-3-one-4-carboxylate  had  already  been 
prepared  by  Kotz  and  Hesse  (AnnaJen,  1905,  342,  310)  from 
l-methylcyc?ohexan-3-one  by  condensation  with  ethyl  oxalate  and 
subsequent  distillation  of  the  ethyl  1 -methyl cjrcZohexan-3-one- 
4-oxalate  thus  produced : 

CHMe<^^2-^0>CH-CO-C0.3Et  = 

CO  +  CHMe<?,5'7S?>CH-CO.,Et. 

L't±.^'\jt±2 

These  investigators  give  115°/ 12  mm.  as  the  boiling  point  of 
this  ester,  and  they  were  unable  to  obtain  the  free  acid  by 
hydrolysing  it,  because  of  the  readiness  with  which  it  is  decomposed 
into  methylcycZohexanone  and  carbon  dioxide. 

We  next  investigated  the  action  of  sodamide  and  carbon  dioxide 
on  /f-l-methylc?/cZohexan-3-one  from  pulegone  (Wallach,  Ajinalen, 
1S9G,  289,  339),  and  found  that,  under  the  conditions  described 
in  the  experimental  part  of  this  paper,  this  ketone,  of  specific 
rotation  [a]jj  +8'8°,  is  converted  into  d-Vmetkylcyclohexan'Z-one- 
i-carhoxylic  acid,  which  melts  at  102—103°,  and  has  [a]^  +97'2°, 
and  the  ethyl  ester  of  which  has  [0]^  +84-16°.  When  the  <^-keto^ 
acid  was  reduced  with  sodium  amalgam,  it  yielded  a  d-l-methyl- 
cyclohe xan-3-ol-4:-carboxi/lic  acid,  which  melted  at  129 — 130°  and 
had  [a]o  -31  8°,  the  sign  of  rotation  having  changed  during  reduc- 
tion. Probably  direct  or  indirect  elimination  of  water  will  convert 
this  acid  into  6?-l-methyl-A'-cycZohexene4-carboxylic  acid : 

CHMe<C|{.:^||)>CH-CO,H       -^ 

«  2 

CHMe<CH=:C=>C.CO.H, 

•nd  this  probability  is  being  tested  by  experiment. 

The  investigation  of  the  behaviour  of  l-methyleyr/ohexan-4-one 
with  sodamide  and  carbon  dioxide  seems  to  show  that  this  ketone 
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reacts  much  more  readily  with  this  reagent  than  is  the  case  with 
the  cyclic  ketones  which  have  already  been  mentioned.  Under 
condition's  which  have  been  carefully  worked  out  (p.  1769),  a  yield 
of  at  least  40  per  cent,  of  l-methylcyc\ohexan-2-one-Z-carhoxylic 
acid : 

OHMe<gg^-"H(CO^g)>CO. 

is  quite  easily  obtained.  This  acid  melts  at  101°,  and  is  converted, 
by  reduction,  into  l-methylcjclohexan-A-ol-S-carboxi/lic  acid,  which 
melts  at  114°,  and,  on  distillation  under  diminished  pressure,  is 
decomposed  with  elimination  of  water  and  formation  of  1-methyl- 

L^-cyc\ohexeneA-carhoxylic  acid : 


CHMe<^^2;C(aX,H  )^^  ^ 


"C  H  2  ^^2 


The  .description  of  the  results  which  have  been  obtained  during 
a  long  investigation  of  this  acid  and  its  derivatives  is  reserved  for 
a  future  communication. 

During  the  course  of  the  experiments,  which  have  been  briefly 
summarised  in  the  preceding  pages,  it  appeared  to  us  that  it  would 
be  interesting  to  include  Z-menthone  in  the  scope  of  this  investi- 
gation, and  the  first  results  which  we  obtained  seemed  so  puzzling 
that  we  extended  our  experiments  also  to  c^-z'somenthone. 

When  Z-menthone  is  treated  with  sodamide  and  carbon  dioxide, 
under  the  conditions  described  on  p.  1770,  it  yields  a  syrupy  mono-  i 
carboxylic  acid,  which  doubtless  has  the  constitution : 

since  it  gives  a  purple  coloration  when  ferric  chloride  is  added  to 
its  alcoholic  solution.  The  ester  of  this  acid  distilled  at  143 — 146°/ 
12  mm.,  and  is  evidently  structurally  identical  with  the  ester  which 
Kotz  and  Schwarz  (Annalen,  1907,  357,  210)  obtained  from  ethyl 
iS-methyl-e-isopropylpimelatc  by   the  action   of  sodium : 


Cmie<^^l^^^^^^^^>CK-C,U,, 


and  which  distilled  at  145 — 149°/ 14  mm.  and  gave  a  violet 
coloration  with  ferric  chloride.  As  well  as  the  above  menthonemono 
carboxylic  acid,  a  dicarboxylic  acid  is  produced  during  the  action 
of   sodamide   and    carbon   dioxide    on    /-menthone,  and  this  melt* 
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at  about  121 — 128°,  and  is  probably  a  mixture  of  the  cis-  and 
ira«s-modifications  of  the  formula 

During  repeated  recrystallisation  from  ether,  much  decom- 
position took  place,  but  we  were  ultimately  successful  in  obtaining 
a  small  quantity  of  a  dibasic  acid  from  the  mixture,  which  melted 
at  144°,  and  appears  to  be  one  of  the  above  modifications  in  a  pure 
state. 

This  acid  cannot  have  the  constitution: 

^^^^®^CH  (CO2  H)  •  CO^^^COaH' 

because  its  solution  in  alcohol  does  not  give  a  coloration  with  ferric 
chloride;  its  formation  may  be  explained  in  the  following  manner. 
The  sodium  derivative  of  isomenthone  is  partly  converted,  by  the 
action  of  carbon  dioxide,  into  the  sodium  salt  of  isomenthone- 
carboxylic  acid,  which  then  reacts  with  some  of  the  unchanged 
sodium  isomenthone  to  yield  the  disodium  derivative: 

(or  its  enolic  modification),  and  this  is  then  converted,  by  the 
subsequent  action  of  the  carbon  dioxide,  into  the  disodium  salt  of 
iaomenthonedicarboxylic  acid : 

Menthonecarboxylic  acids,  possessing  similar  properties  to  the 
above,  have  already  been  described.  In  1891  (Ber.,  24,  3396) 
Briihl,  Biltz,  and  Cantzler  treated  ordinary  ^menthone  with  sodium 
wire  and  carbon  dioxide,  and  obtained  a  semi-solid  mass,  which 
was  clearly  a  mixture  of  menthone-mono-  and  -di-carboxylic  acids. 
By  treatment  with  light  petroleum,  the  oily  monobasic  acid  was 
removed,  and  was  not  further  investigated,  and  the  insoluble, 
crystalline  residue,  after  crystallisation  from  ether,  melted  at 
1280°,  and  was  shown  by  analysis  to  be  a  menthonedicarboxylic 
acid.  Oddo  (Gazzetta,  1897,  27,  ii,  97)  subsequently  investigated 
the  action  of  sodium  and  carbon  dioxide  on  ^menthone,  and 
obtained  a  syrupy  menthonemonocarboxylic  acid  and  a  dicarboxylic 
acid,  which  melted  at  140 — 141°. 

These  investigators  do  not  appear  to  have  determined  the  rotation 
of  their  acids,  and,  when  we  proceeded  to  investigate  the  acids 
wo  had  prepared,  we  found  that  the  monobasic  as  well  as  the 
dibasic  acids  obtained  from  ^-menthone  were  both  strongly  dextro- 
rotatory. 
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This  result  led  us  to  prepare  a  quantity  of  (j^isomenthone  from 
Z-menthone  by  the  action  of  sulphuric  acid  (Beckmann,  Annalen, 
1888,  250,  334),  and  on  treating  this  with  sodamide  and  carbon 
dioxide  under  exactly  the  same  conditions  as  before,  we  found 
that  both  the  mono-  and  di-basic  acids  were  again  strongly  dextro- 
rotatory. 

A  large  number  of  experiments  were  then  made  with  different 
samples  of  Z-menthone  and  c?-«somenthone,  and  the  results,  which  are 
summarised  in  the  following  tables,  show  that  whatever  the  rotation 
of  the  original  Z-menthone  or  cZ-zsomenthone  may  be,  the  resulting 
mono-  and  di-basic  acids  are  always  dextrorotatory,  and  yield  dextro- 
rotatory ^somenthones  on  distillation. 

Table  I. — isoMenthonemonocarboxylic  Acid. 


Rotation  of  the 

Rotation  of 

Rotation  of  the 

womenthone  regenerated 

original  menthone, 

monocarboxylic  acid, 

from  the  acid, 

Wo- 

Wi.. 

[«3- 

-Qi'Q" 

+  22-6' 

+  19-0° 

-19-1 

-f-20-8 

+  17-9 

-7-3 

+  19-4 

+  17-1 

+  8-3 

+  18-4 

+  16-9 

+  23-6 

+  22-5 

+  18-2 

-20-3 

+  28-7 

+  15-4 

-19'! 

+  28-3 

-)-15-8 

The  last  two  experiments  were  made  under  special  conditions 
mentioned  on  p.  1771. 

Table   II. — isoMenthonedicarhoxylic  Acid. 


Rotation  of  the  iso- 

Rotation  of 

M.  p.  of 

Rotation  of 

menthone  regenerated 

riginal  menthone. 

dibasic 

the  dibasic  acid. 

from  the  acid. 

[«]!.. 

acid. 

[«]■>■ 

[«]»• 

-24-6'' 

127—128° 

+  116-5' 

— 

-1-23 -6 

124—125 

+  107-2 

— 

-19-1 

122—123 

+  102-4 

— 

-19-1 

115 

+  100-3 

— 

-19-1 

135 

+  121-4 

+  30-2° 

-19-1 

144 

+  124-4 

+  33-3 

We  next  observed  that,  when  Z-menthone  is  converted  into  its 
sodium  derivative  by  the  action  of  sodamide  on  its  ethereal 
solution,  tZ-isomenthone  is  obtained  on  treatment  with  acids,  and 
also  that  the  latter  by  similar  treatment  merely  suffers  a  slight 
change  in  rotation.  Thus,  in  two  experiments,  Z-menthone  with 
[o]p  —  20'3°,  after  treatment  with  sodamide,  had  [o]j,  +12'0°  and 
+  15'8°,  and  eZ-womenthone  with  [a]u  +14*2°,  after  treatment  with 
sodamide,  had  [o]d  +158°.  It  had  previously  been  observed  that 
Z-menthone  is  converted  at  least  partly  into  tZ-isomenthone  when 
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it  is  treated  with  concentrated  acids  or  boiled  with  alcoholic 
potassium  or  sodium  hydroxide,  and  these  facts  and  the  behaviour 
summarised  in  tables  I  and  II  may  be  possibly  explained  in  the 
following  way. 


Menthone : 


hHm<^^'^^cB'C,u„ 


contains  two  asymmetric  carbon  atoms,  a  and  b,  and  the  isomerism 
of  menthone  and  faomenthone  is  due  to  differences  in  the  nature 
of  these. 

For  the  sake  of  argument  the  asymmetric  carbon  atoms  in 
^menthone  may  be  represented  by  the  signs  -  -,  and  it  is  clear 
that  when  ^-menthone  is  converted  into  its  sodium  derivative : 


CHMe<^,S;.c(ONap<^-OBH:. 


or  is  treated  with  any  agent  which  brings  about  enolic  change, 
the  asymmetry  of  the  carbon  atom  b  disappears,  and  the  activity  of 
the  sodium  derivative  is  due  entirely  to  the  carbon  atom  a. 

When  the  sodium  derivative  is  decomposed  by  acids,  the  carbon 
atom  b  again  becomes  asymmetric,  and  it  is  probable  that  the 
presence  of  the  active  asymmetric  carbon  atom  a  causes  the  atom  b 
to  be  produced,  to  some  extent  at  least,  in  a<:tive  form;  in  other 
words,  an  asymmetric  synthesis  is  accomplished.  The  d-iso- 
menthone   which   is    always    produced    under   these   conditions   is 

therefore  probably  a  mixture  of  a,   b  = and    — \- ,  the  latter 

predominating. 

This  explanation  accounts,  in  a  simple  manner,  for  the  very 
varying  rotations  which  have  been  so  often  observed  as  the  result 
of  preparing  different  samples  of  menthone  and  isomenthone  by 
slightly  different  methods.  Apparently  the  highest  rotations 
which  have  been  recorded  for  these  substances  are  Z-menthone, 
[o]d-28-46°,  and  rf-womenthone,  [a]j, +35*1°  (Beckmann,  J.  pr. 
Chem.,  1897,  [ii],  55,  24,  28). 

It  will  be  seen  from  table  II  that  the  purest  specimen  of  d^so- 
menthonedicarboxylic  acid,  which  we  were  able  to  obtain,  melted  at 
144°,  and  on  distillation  yielded  a  d-isomenthonQ  with  [oj^  +  33-3°, 
and  which  was  therefore  probably  almost  pure.  On  the  other 
hand,  it  seems  doubtful  whether  /-menthone  has  ever  been  prepared 
quite  free  from  t/-»aomenthone. 
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Experimental. 
cycloH exanone-2-carboxylic  A  cid. 

Although  this  acid  is  so  unstable,  we  have  succeeded  in  isolating 
it  in  some  quantity,  and  have  analysed  it  and  determined  some 
of  its  properties.  The  details  of  the  preparation  are  as  follows. 
cycZoHexanone  *  (5  grams)  is  dissolved  in  pure  dry  ether,  finely 
powdered  sodamide  (2  grams)  added,  and  the  mixture  warmed  until 
the  sodium  derivative  has  completely  separated.  A  current  of 
carbon  dioxide,  which  has  been  thoroughly  washed  and  very 
carefully  dried,  is  then  passed  slowly  through  the  mixture  for  two 
to  three  hours  at  a  temperature  of  35°,  the  whole  being  well 
shaken  from  time  to  time  and  great  care  taken  to  exclude  every 
trace  of  moisture.  When  the  reaction  is  complete,  the  flask  is 
cooled,  and  the  product  decomposed  with  ice  and  dilute  hydro- 
chloric acid  and  repeatedly  extracted  with  ether.  The  ethereal 
layer  is  then  shaken  with  a  concentrated  solution  of  sodium 
carbonate,  the  alkaline  solution  quickly  cooled  with  powdered  ice, 
acidified  with  dilute  hydrochloric  acid,  and  the  cycZohexanone- 
2-carboxylic  acid,  which  separates  as  an  oil,  is  extracted  with  ether. 

The  ethereal  solution  is  dried,  the  ether  partly  evaporated  on 
steam-bath  under  diminished  pressure,  and  the  remainder  allowed 
to  evaporate  in  the  air,  when  crystals  of  the  acid  are  gradually 
deposited. 

These  are  left  in  contact  with  porous  porcelain  until  quite  dry, 
and  then  recrystallised  from  ether : 

01438  gave  0-3105  COg  and  00919  HgO.     C  =  58-9;  H  =  7'l. 
CyHjoOg  requires  C  =  59'l;  H  =  7'0  per  cent. 

On  titration  with  iV/10-sodium  hydroxide,  0"1314  neutralised 
00504NaOH,  whereas  this  amount  of  a  monobasic  acid,  CjHjQOg, 
should  neutralise  0-0512NaOH. 

cycloH exanone-2-carhoxylic  acid  softens  at  79°,  and  decomposes 
at  81 — 82°  into  cycZohexanono  and  carbon  dioxide.  It  is  readily 
soluble  in  water,  and  the  aqueous  solution  gives  a  deep  violet 
coloration  on  the  addition  of  ferric  chloride.  It  dissolves  readily 
in  ether,  alcohol,  benzene,  or  light  petroleum,  and  separates  from 
ether  in  glistening  needles. 

Reduction  to  cycloll exanol-2-carhoxylic  acid  (hexahydrosalicylic 

*  The  cj/cZohexanone  employed  in  these  experiments  was  obtained  from  Poulenc 
Frferes,  and  carefully  purified  by  conversion  into  the  sodium  hydrogen  sulphite 
derivative  ;  it  distilled  at  155 — 1567755  mm.  and  crystallised  readily. 
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acid). — Preliminary  experiments  showed  that  in  many  cases  the 
carboxylic  acids  of  cyc/ohexanone  and  its  derivatives  are  either 
not  reduced  at  all  by  sodium  amalgam  under  ordinary  conditions, 
or,  if  reduced,  that  the  process  is  extremely  slow  and  often 
incomplete.  The  following  modification  yields,  however,  in  most 
cases,  excellent  results. 

cyc/oHexanone-2-carboxylic  acid  (5  grams)  is  dissolved  in  a 
dilute  solution  of  sodium  carbonate,  freshly  prepared  3  per  cent, 
sodium  amalgam  (300  grams)  is  slowly  added,  and  the  solution 
kept  nearly  neutral  by  passing  a  slow  current  of  sulphur  dioxide. 

The  product  is  acidified  and  extracted  once  or  twice  with  ether 
in  order  to  remove  traces  of  unreduced  keto-acid,  the  liquid  is  then 
saturated  with  ammonium  sulphate,  and  extracted  several  times  on 
the  machine.  The  extract  is  dried  and  evaporated,  and  the  solid 
mass  of  cycZohexanol-2-carboxylic  acid  left  in  contact  with  porous 
porcelain,  and  then  crystallised  from  ether,  from  which  the  acid 
separates  in  glistening  prisms  melting  at  111°.  (Found,  C  =  580; 
H  =  8-2.     Calc,  C  =  58-3;   HpSS   per  cent.) 


l-Methylcyc\ohexan-2-one-3-carhoxylic   Acid, 
CHMe<gO-CH(CO^g)>CH„. 

The  l-methyIcyc/ohexan-2-one  used  in  these  experiments  was 
prepared  by  ourselves  from  o-cresol  by  the  Sabatier-Senderens 
process,  and  then  very  carefully  separated  from  1-methylcyc/o- 
hexan-2-ol  and  other  impurities  by  conversion  into  the  sodium 
hydrogen  sulphite  derivative.  It  distilled  at  164 — 165°  (compare 
Wallach,  Annalen,  1906,  346,  251).  The  conversion  into  the 
sodium  derivative  by  means  of  sodamide  and  the  subsequent 
treatment  with  carbon  dioxide  was  carried  out  at  the  ordinary 
temperature  in  the  manner  described  on  p.  1764,  carefully  purified 
light  petroleum  being  used  as  the  solvent  in  the  place  of  ether. 
The  product  was  mixed  with  powdered  ice  and  dilute  hydrochloric 
acid,  the  oily  acid  extracted  with  ether,  the  ethereal  solution 
rapidly  dried,  and  the  ether  distilled  ofif  under  diminished  pressure. 
The  residual  pale  yellow  syrupy  acid,  which  showed  no  tendency 
to  crystallise,  was  at  once  analysed,  and  yielded  numbers  agreeing 
80  well  with  those  required  by  theory  that  there  can  be  no  doubt 
that  the  syrup  consisted  of  practically  pure  l-methylcyc\ohexan- 
2-one-Z-carhoxylic  acid. 

It  is  unfortunate  that  the  yield  of  acid  obtained  by  the  above 
method  of  preparation  is  very  small,  and  we  have  so  far  been 
unsuccessful  in  our  attempts   to  discover   better   conditions.     The 
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following  analyses  were  carried  out  with  acid  obtained  from  two 
preparations : 

0-2451  gave  0-5535  COg  and  0-1755  HgO.     C  =  61-6;  H  =  8-0. 

0-1471     „     0-3325  COg     „     01042  H2O.     C  =  61-7;  H  =  7-9. 
CgHjaOg  requires  C  =  61-5;  H  =  7-7  per  cent. 

Ethyl  l-methylcyc/ohexan-2-one-3-carboxylate  was  obtained  in  a 
very  small  yield  by  leaving  the  syrupy  keto-acid  in  contact  with 
5  per  cent,  alcoholic  sulphuric  acid  for  twenty-four  hours.  It  was 
isolated  in  the  usual  manner  (p.  1767),  and  distilled  at  about 
125— 130°/20  mm.  (Found,  C=64-9;  H  =  8-8.  Calc,  C  =  65-2; 
H  =  8-7  per  cent.) 

Kotz  and  Michels  (Annalen,  1906,  348,  94),  who  obtained  this 
ester  by  a  different  process  (p.  1759),  state  that  it  distils  at 
115°/ 12  mm.  We  have  also  made  a  series  of  experiments  on  the 
reduction  of  l-methylc2/c?ohexan-2-one-3-carboxylic  acid  by  sodium 
amalgam  and  sulphurous  acid,  using  the  conditions  so  successfully 
employed  in  other  cases  (p.  1765),  but  the  product  was  always  an 
almost  colourless  syrup,  which  could  not  be  made  to  crystallise.  That 
this  syrup,  which  gave  no  coloration  with  ferric  chloride,  consisted 
of  l-methj/lcjclohexan-2-ol-3-carboxj/lic  acid,  is  indicated  by  the 
following  analysis: 

0-1450  gave  0-3222  COg  and  0-1144  HgO.     C  =  60-5;  H  =  8-8. 
C8H14O3  requires  C  =  60'8;  H  =  8-9  per  cent., 
and  the  fact  that  the  acid  could  not  be  obtained  in  a  crystalline 
condition  may  be  due,  in  part,  to  its  being  a  mixture  of  stereo- 
isomeric  modifications. 

dl-  and  d-l-Methylcyc\ohexan-3-one-4:-carboxt/lic  Acid, 
CHMe<^^2~^^>CH-C02H, 
and  the  corresponding    \-Methylcyc\ohexan-3-ol-A-carhoxylic  Acids. 

<;?M-MethylcycZoh6xan-3-one-4-carboxylic  acid  was  prepared  from 
pure  inactive  l-methylcycZohexan-3-one  obtained  from   Kahlbaum. 

The  ketone  (14  grams),  dissolved  in  light  petroleum,  was  mixed 
with  powdered  sodamide  (5  grams),  when  rapid  evolution  of 
ammonia  took  place  and  the  white  sodium  derivative  separated. 
As  soon  as  decomposition  was  complete,  a  rapid  stream  of  dry 
carbon  dioxide  was  passed,  the  whole  being  vigorously  stirred 
during  the  operation. 

The  temperature  rose  rapidly  to  about  45°  and  then  gradually 
subsided,  and,  as  soon  as  the  mass  was  quite  cold,  the  stream  of 
gas  was  interrupted.  The  product  was  treated  with  ice  and  hydro- 
chloric acid  in  the  usual  manner,  ether  was  then  added,  the  ether- 
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petroleum  layer  separated,  extracted  with  sodium  carbonate,  and 
the  alkaline  solution  acidified,  when  an  oil  separated,  which  rapidly 
crystallised. 

The  crystals  were  collected  and  purified  by  reprecipitation  from 
the  sodium  salt,  and  then  by  crystallisation  from  ether : 

01700  gave  0-3817  COo  and  0-1194  HoO.     C  =  61-2;  H  =  7-3. 
CgHjoOg  requires  C  =  61'5;  H  =  7-7  per  cent. 

d\-l-Methi/lcyclohexan-3-o7i€-4-carboxi/Iic  acid  separates  from 
ether  in  prisms,  and  melts  and  decomposes  at  about  100 — 1(J3°. 

It  is  readily  soluble  in  ether  or  alcohol,  and  moderately  readily 
so  in  benzene  or  light  petroleum,  but  it  is  rather  sparingly  soluble 
in  cold  water;  the  alcoholic  solution  gives  with  ferric  chloride  an 
intense  violet  coloration. 

Ethyl  d[-l-methi/lcyc\o?iexa7i-3-oneA-carhoxi/late  was  prepared  by 
leaving  the  acid  in  contact  with  a  large  excess  of  5  per  cent, 
alcoholic  sulphuric  acid  for  twenty-fouj  hours,  and  then  pre- 
cipitating with  water. 

The  oil  was  extracted  with  ether,  the  ethereal  solution  washed 

ith  sodium  carbonate,  dried,  and  fractionated,  when  practically 
ne  whole  quantity  distilled  at  132 — 13o°/24  mm.,  and  gave  an 
intense  violet  coloration  when  ferric  chloride  was  added  to  the 
alcoholic  solution  : 

01873  gave  0-4461  COo  and  0-1483  HgO.     C  =  64-9;  H  =  8-8. 
CjoHigOg  requires  C  =  65-2;  H  =  8-7  per  cent. 

dl-l-Metlti/lcyclohexan-S-olA-carboxi/Uc  acid. — In  preparing  this 
acid,  the  pure  <fMceto-acid  (5  grams),  dissolved  in  a  slight  excess  of 
dilute  sodium  carbonate,  was  mixed  with  freshly  prepared  3  per 
cent,  sodium  amalgam  (500  grams)  all  at  once,  in  an  apparatus 
fitted  with  a  mechanical  stirrer,  carbon  dioxide  being  passed  during 
the  whole  operation.  The  product  was  extracted  in  the  usual 
manner,  and  again  treated  with  sodium  amalgam  exactly  as  before, 
when  an  acid  was  obtained,  which  was  at  first  oily,  but  gradually 

rystallised. 

It  was  purified  by  crystallisation  from  ether,  from  which  it 
separated   in  elongated  prisms: 

01412  gave  03132  CO.,  and  01120  HoO.     C  =  60-5;  H  =  8-8. 
CgHi^Os  requires  0  =  608;  H  =  8-8  per  cent. 

d\-l-Methi/lcyc\ohexan-3'ol-A-carboxi/lie  acid  melts  at  130 — 131°, 
•ixd  is  readily  soluble  in  alcohol  and  moderately  so  in  water,  benzene, 
or  chloroform.  The  alcoholic  solution  gives  no  coloration  on  the 
addition  of  ferric  chloride. 

d-l-Methylcyc\ohexan-3-oneA-carboxylic  A  cid.  —  The  <i-l-methyl- 
cyc^ohexan-S-one,    employed  in  the  preparation    of  this    acid,   was 
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obtained  from  Schimmel  &  Co.,  and  had  been  prepared  from 
pulegone  by  hydrolysis  (Wallach,  Annden,  1896,  289,  339);  it 
had  [o]p  +  8-8°. 

This  ketone  was  converted  into  <^-l-methylcycZohexan-3-one- 
4-carboxylic  acid  in  the  manner  already  described  in  the  case  of 
the  c?Z-acid,  and  the  (^-acid,  thus  obtained,  separated  from  ether  in 
small,  and  from  light  petroleum  in  large,  prisms  when  the  solutions 
in  these  solvents  were  allowed  to  concentrate  slowly  at  the  ordinary 
temperature : 

0-1310  gave  0-2967  COg  and  0-0935  HgO.     C  =  61-3;  H  =  7-8. 
CgHigOg  requires  C=61-5;  H  =  7-7  per  cent. 

The  basicity  was  determined  by  titration  with  iV/10-sodium 
hydroxide,  when  03055  neutralised  0-0775  NaOH,  whereas  this 
amount  of  a  monobasic  acid,  CgHjgOg,  should  neutralise 
00784  NaOH. 

d-l-Methylcyclohexan-^-one-^-carhoxylic  acid  melts  at  about 
102 — 103°,  and  gives  a  purple  coloration  when  ferric  chloride  is 
added  to  its  alcoholic  solution. 

0-4795,  made  up  to  20  c.c.  with  alcohol,  gave  a^  +4-66°  in  a 
2-dcm.  tube  at  17°,  whence  [ajj,  +97-2°. 

Several  grams  of  the  acid  were  heated  in  a  small  retort  until 
decomposed,  when  it  was  found  that  the  l-methylcycZohexan-3-one 
which  distilled  over  boiled  at  169°,  and  had  [aj^  +8-8°,  showing 
that  no  change  in  rotation  had  occurred  during  the  conversion  into 
the  acid  and  subsequent  elimination  of  carbon  dioxide.  Ethyl 
d-l-methylcyc\o7iexan-3-one-4:-carboxylate,  prepared  in  the»  same 
manner  as  the  dl-ester,  distilled  at  134 — 137°/26  mm.: 

0-2115  gave  05033  COg  and  01694  HgO.     C  =  64-9;  H  =  8-9. 
CjoHjgOs  requires  C  =  65-2;  H  =  8-7  per  cent. 

0-5423,  made  up  to  25  c.c.  with  alcohol,  gave  Op  +3-49°  in  a 
2-dcm.  tube  at  17-5°,  whence  [aj^  +84-16°. 

d-l-Met7iylcyc\ohexaiv-3-olA-carboxylic  acid,  prepared  by  the  re- 
duction of  the  ^/-keto-acid  with  sodium  amalgam  exactly  as  described 
in  the  case  of  the  dl-a,cid,  melts  at  129 — 130°: 

0-1480  gave  03290  COg  and  01187  H2O.     0  =  606;  H  =  8-8. 
C3H14O3  requires  0  =  608;  H  =  8-8  per  cent. 

0-1023,  dissolved  in  alcohol  and  made  up  to  25  c.c,  gavo 
a^  -2-6°  in  a  2-dcm.  tube  at  17°,  whence  [a]p  -31-8°. 


OF   CYCLOHEXANONE   AND   SOME   OF   ITS   DERIVATIVES.      1769 


l-Methj/lcyclohexan-i-one-S-carhoxi/lic   A  cid, 

and  its  Reduction  to   l-Methylcjclohexan-A-ol-Z-carhoxylic  Acid. 

l-MethylcycZohexan-4-one,  obtained  from  Poulenc  Freres,  wa3 
found  to  contain  methylcyc/ohexanol,  and  it  was  therefore  purified 
by  conversion  into  the  sodium  hydrogen  sulphite  derivative,  and  the 
regenerated  ketone,  which  distilled  at  169 — 170°,  was  employed  in 
the  following  experiments.  The  conversion  of  the  ketone  into  the 
carboxylic  acid,  by  the  action  of  sodamide  and  carbon  dioxide, 
was  carried  out  practically  under  the  conditions  which  are  described 
in  detail  in  the  case  of  the  preparation  of  1-methylcycZohexan- 
3-one-4-carboxylic  acid  (p.  1766).  When  the  solution  of  the  sodium 
salt  was  acidified,  the  acid  was  at  once  precipitated  as  a  solid,  and 
was  readily  purified  by  recrystallisation  from  ether,  the  pure 
acid  being  thus  obtained  in  a  yield  of  about  40  per  cent,  of  that 
theoretically  possible: 

0-1110  gave  0-2500  COg  and  00780  KjO.     C  =  61-4 ;  H  =  7-9. 

01231     „     0-2769  CO2    „    00860  HoO.     C  =  61-3;  H  =  7'7. 
CgHioOg  requires  C  =  61-o;  H  =  7-7  per  cent. 

l-Methj/lcjc\ohexanA-one-3-carboxi/lic  acid  separates  from  ether 
in  prisms,  and  melts  at  101°;  it  is  readily  soluble  in  alcohol,  ether, 
or  chloroform,  but  rather  sparingly  so  in  cold  water;  the  addition 
of  ferric  chloride  to  the  alcoholic  solution  produces  a  purple 
coloration  which  becomes  rather  bluer  on  the  addition  of  a  little 
water. 

Ethyl  l-methylcycZohexan-4-one-3-carboxylate  was  prepared  by 
leaving  the  finely  divided  acid  (20  grams)  in  contact  with  excess 
of  5  per  cent,  alcoholic  sulphuric  acid  (150  c.c.)  for  two  days,  and 
then  precipitating  with  water.  The  ester  was  extracted  with  ether, 
the  ethereal  solution  washed  with  sodium  carbonate,  dried,  and 
distilled,  when,  after  much  methylcyc/ohexanone  had  passed  over, 
le  ester  distilled  at  128— 130°/ 20  mm.  (Found,  C  =  65-5;  H  =  8-9. 
Calc,  C  =  65-2;  H  =  8-7  per  cent.) 

Kbtz  and  Michels  {Annalen,  1906,  348,  95)  who  obtained  this 
ester  by  a  different  method  (compare  p.  1759),  state  that  it  distils 
at  110°/ 10  mm. 

\.-Methylcyc\ohexanrA-ol-3-carboxylic  acid  is  obtained  when  the 
lolution  of  the  keto-acid  in  sodium  carbonate  is  reduced  by  sodium 
amalgam  at  about  40 — 50°  in  an  apparatus  fitted  with  a  mechanical 
stirrer,  carbon  dioxide  being  passed  during  the  operation'. 

The  product  was  acidified  with  dilute  hydrochloric  acid  and 
repeatedly  extracted   with  ether,  the  ethereal  solution    was   dried 
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and  evaporated,  when  a  syrupy  acid  remained,  which  gradually 
became  semi-solid.  After  contact  with  porous  porcelain  for  several 
days,  the  almost  colourless,  crystalline  mass  was  recrystallised  from 
ether : 

0-1200  gave  0-2670  COg  and  0*0952  HgO.     C  =  60-7 ;  H  =  8-9. 
CgHj^Og  requires  C  =  60'8;  H  =  8-8  per  cent. 

l-Methylcyclohexan-A-ol-Z-carhoxylic  acid  separates  from  ether  as 
a  hard,  crystalline  crust  and  melts  at  114°;  it  is  readily  soluble 
in  water  or  alcohol,  but  sparingly  so  in  cold  ether. 

Ethyl  l-Methylcyclohexan-A-ol-S-carboxylate. — In  preparing  this 
ester,  the  porous  plates  used  in  the  purification  of  the  crude 
hydroxy-acid  were  extracted  in  a  Soxhlet  apparatus,  and  the 
syrupy  extract  was  dissolved  in  a  large  excess  of  10  per  cent, 
alcoholic  sulphuric  acid.  After  several  days,  the  product  was 
mixed  with  water,  the  ester  extracted  with  ether,  the  ethereal 
solution  washed  with  sodium  carbonate,  dried,  and  evaporated, 
and  the  ester  purified  by  fractionation,  when  it  distilled  constantly 
at  132— 134°/ 17  mm.: 

0-1083  gave  0-2559  COg  and  0-0977  HgO.     C  =  64-4;  H  =  10-l. 
CioHis'Os  requires  C  =  64-5;  H  =  9-7  per  cent. 

When  this  ester  was  hydrolysed  by  methyl-alcoholic  potassium 
hydroxide,  it  yielded  at  once  the  hydroxy-acid  in  a  crystalline 
form,  and  probably  the  best  way  of  purifying  this  acid  in  future 
will  be  to  convert  the  crude  product  of  the  reduction  of  the  keto- 
acid  at  once  into  the  ester,  and,  after  distilling  this,  to  regenerate 
the  acid  by  hydrolysis. 

d-isoM enthonecarhoxylic   Acid, 
CHMe<^H.^^H^CH-C3H,. 

In  our  first  experiments  on  the  behaviour  of  menthone  on 
treatment  with  sodamide  and  carbon  dioxide,  the  /-menthone 
employed  had  [a]j,  —24-6°.  This  (20  grams)  was  dissolved  in  light 
petroleum  and  mixed  with  powdered  sodamide  (5  grams),  when 
evolution  of  ammonia  took  place,  and  the  soluble  sodium  derivative 
was  readily  produced. 

A  current  of  dry  carbon  dioxide  was  then  passed  through  the 
solution  for  half  an  hour,  without  external  cooling,  and  the  product 
decomposed  by  ice  and  water.  The  aqueous  layer  was  separated, 
acidified  with  hydrochloric  acid,  and,  after  saturating  with 
ammonium  sulphate,  extracted  with  ether.  The  ethereal  solution 
was  shaken  with  cold  sodium  carbonate,  the  alkaline  solution 
acidified,   and   well  shaken   with  light  petroleum   (b.   p.  40 — 60°), 
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which  extracts  the  monobasic  acid.  The  extract  was  again  treated 
with  sodium  carbonate,  and  the  extraction  with  light  petroleum 
repeated ;  finally  the  petroleum  was  distilled  off  under  diminished 
pressure,  the  last  traces  being  removed  in  a  vacuum.  The  almost 
colourless  syrup  was  at  once  analysed,  with  the  following 
result : 

01968  gave  0-4783  COg  and  01647  H2O.     C  =  66-3;  H  =  9-3. 
CjiHjgOg  requires  C  =  667;  H  =  91  per  cent. 

06287,  made  up  to  20  c.c.  with  alcohol,  gave  Oj,  + 1-42°  in  a 
2-dcm.  tube  at  16°,  whence  [aj^  +22-6°. 

When  the  acid  was  distilled,  it  was  readily  decomposed  with 
elimination  of  carbon  dioxide,  and  the  determination  of  the  rotation 
of  the  /somenthone  obtained  gave  the  following  result : 

10268,  made  up  to  20  c.c.  with  alcohol,  gave  a^  +1-95°  in  a 
2-dcm.  tube  at  16°,  whence  [ajp  +19-0°. 

A  large  number  of  similar  experiments  were  made  on  the  action 
of  sodamide  and  carbon  dioxide  on  various  specimens  both  of 
^menthone  and  of  d-i-somenthone,  but,  as  the  results  of  these  are 
summarised  in  table  I  (p.  1762),  it  is  unnecessary  to  give  full  details. 
One  point  of  some  interest  may,  however,  be  mentioned.  In  the  first 
five  experiments  given  in  the  table,  the  temperature  was  allowed  to 
rise  during  the  passage  of  the  carbon  dioxide  through  the  solution  of 
the  sodium  derivative  in  light  petroleum,  whereas,  in  the  last  two, 
which  gave  monocarboxylic  acids  of  the  highest  rotations,  the  rise 
of  temperature  was  prevented  by  surrounding  the  vessel  containing 
the  sodium  derivative  with  ice.  c?-tsoMenthonecarboxylic  acid  is  an 
unstable  substance,  which  slowly  decomposes  into  d-i somenthone 
and  carbon  dioxide  even  at  the  ordinary  temperature;  its  solution 

alcohol  gives  with  ferric  chloride  an  intense  purple  coloration. 

d-isoMentholcarboxylic    acid    is    produced    when    <£-jsomenthone- 

rboxylic  acid  (5  grams),  dissolved  in  cold  dilute  sodium  carbonate, 
IS  treated  with   3  per  cent,   sodium   amalgam   (500   grams).     The 
product  was  first  extracted  with  ether  in  order  to   remove  traces 
j    of  neutral  oil,  then  acidified,  saturated  with  ammonium  sulphate, 
and  repeatedly  extracted  with  ether.  After  drying  and  evaporating, 
a  syrupy   acid  was  obtained,  which    did    not   show   any   signs    of 
crystallising,   but   that  reduction  had  taken   place  was  proved   by 
,   the  fact  that  the  solution  of  the  acid  in  alcohol  did  not  give  any 
I  coloration  on  the  addition  of  ferric  chloride : 
'       0-2276  gave  0-5493  CO2  and  0-2069  H2O.     C  =  65-8;  H  =  10-l. 
CiiHgoOs  requires  C  =  660;  H  =  100  per  cent. 

'J  4990,  made   up  to  25  c.c.  with  alcohol,  gave  Od  +0-48°  in  a 

Jem.  tube  at  16°,  whence  [a],,  + 120°. 
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d-isoMe7itJionedicarhoxylic  A cid, 
CHMe<^H^— 'r5l>CH-C3H,. 

This  acid  is  always  produced  along  with  the  monocarboxyEc  acid 
when  the  conditions  described  in  the  last  section  are  observed, 
and  is  extracted  with  ether  after  the  removal  of  the  monobasic 
acid. 

The  ethereal  solution  was  shaken  with  a  little  sodium  carbonate, 
and  the  acid  precipitated,  when  it  separated  at  first  as  an  oil, 
which,  however,  rapidly  crystallised.  After  the  removal  of  traces  of 
oily  impurity  by  contact  with  porous  porcelain  and  once  crystallising 
from  ether,  the  colourless  mass  melted  at  121 — 128°. 

By  repeatedly  crystallising  from  ether,  a  small  quantity  of  the 
dibasic  acid  was  obtained,  which  melted  at  144°,  but  the  loss 
during  recrystallisation,  due  to  elimination  of  carbon  dioxide,  was 
serious : 

0-152  gave  OSSIO  COo  and  0-1033  HgO.     C  =  59-4;  H  =  7-5. 
CiaHjgOj  requires  C  =  59-5;  H  =  7-4  per  cent. 

0-3456,  made  up  to  20  c.c.  with  alcohol,  gave  Op  +4-3°  in  a 
2-dcm.  tube,  whence  [ajj,  +124-4°. 

When  this  specimen  was  distilled,  it  yielded  a  t^^'somenthone,  of 
which  the  rotation  was  determined. 

0-3662,  made  up  to  20  c.c.  with  alcohol,  gave  Oj,  +1*22°  in  a 
2-dcm.  tube  at  17°,  whence  [a]^  +33-3°. 

d-isoM enthonedicarboxylic  acid  is  readily  soluble  in  alcohol  or 
ethyl  acetate,  moderately  so  in  acetone,  chloroform,  or  water,  and 
the  alcoholic  solution  is  not  immediately  coloured  by  the  addition 
of  ferric  chloride.  If  the  solution  is  kept,  a  faint  violet  coloration 
appears  after  some  minutes,  and  this  gradually  deepens,  a  change 
which  is  doubtless  due  to  the  slow  elimination  of  carbon  dioxide  and 
consequent  formation  of  the  monocarboxylic  acid.  Several  speci- 
mens of  this  dicarboxylic  acid  were  prepared  from  menthones  of 
widely  different  rotations,  and  the  results  of  these  experiments  are 
summarised  in  table  II  (p.  1762). 

The  authors  are  indebted  to  Dr.  Lapworth  for  valuable  sug- 
gestions made  during  the  progress  of  this  research,  and  they  also 
wish  to  state  that  much  of  the  expense  was  met  by  grants  from  the 
Research  Fund  of  the  Chemical  Society. 
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CLXXXVII. — cydoHexane,  its  Separation  from,  and  its 
Estimation  in,  Mixtures  containing  Benzene. 

By  Thomas  Stewart  Patterson  and  Alexander  Fleck. 

"When  cycZohexane  is  prepared  from  benzene  there  is  considerable 
difficulty  both  in  separating  the  two  substances  by  physical  means, 
since  their  properties  are  so  much  alike,  and  in  estimating  the 
quantity  of  unchanged  benzene  in  the  product  of  reduction.  It  is 
usually  recommended  either  to  nitrate  the  benzene  or  to  sulphonate 
it,  but  both  processes  are  rather  troublesome  and  are  extravagant 
as  regards  time. 

In  connexion  with  the  preparation,  by  the  Sabatier-Senderens 
method,  of  a  quantity  of  cycZohexane,  the  purity  of  which  we 
had  no  ready  means  of  ascertaining,  it  occurred  to  us  that  a  simple 
method  of  analysis  might  possibly  be  based  on  an  anticipated 
difference  in  the  solvent  influence  on  the  rotation  of  ethyl  tartrate, 
of  benzene  on  the  one  hand,  and  cycZohexane  on  the  other,  since 
it  has  been  shown  repeatedly  that  the  optical  activity  of  ethyl 
tartrate  varies,  often  to  a  very  great  extent,  in  accordance  with 
comparatively  slightly  differences  in  composition  or  constitution  of 
the  solvent. 

Our  proposal,  therefore,  was  to  make  a  solution  in  benzene  and  a 

solution  in   cycZohexane  of  ethyl   tartrate,  and   to   determine  the 

rotation  of  each.     If  there  were  a  considerable  difference,  then  the 

composition  of  a  mixture   of    cycZohexane  and    benzene    could   be 

•acertained  by  making  an   equally  concentrated  solution   of  ethyl 

tartrate   in   the    mixture,  measuring   its    rotation,    and,   by    inter- 

>lation,  estimating  the  relative  proportions  of  its  constituents. 

We  came  across  an  unexpected  but  not  unwelcome  difficulty  at 

the  outset,   when  we   found   that   cyc/ohexane  and   ethyl  tartrate 

re  practically   immiscible   liquids,  and    therefore    a  very   simple 

uethod  of  purification  presented  itself  at  once.     When  the  quantity 

I  benzene  is  small,  the  mixture  need  only  be  shaken  up  with  about 

Its  own  volume  of  ethyl  tartrate,  once  or  oftener,  as  seems  necessary. 

When,  however,  benzene  is  present  to  the  extent  of  about  50  per 

'  nt.,  some  care  must  be  exercised.     Too  much  ethyl  tartrate  must 

i'Ot  be  used,  or  a  homogeneous  mixture  will  result.     In  connexion 

with  the  experiments  quoted  below,  we  found  that  four  volumes  of 

©thyl   tartrate  with   one   volume   of   benzene   and  one   volume   of 

eyc/ohexane  give  a  homogeneous  mixture,  but  if  only  one  volume 

of  ethyl  tartrate  be  used,   the  mixture  separates  into  two  layers. 

To  test  this  method  of  separation,  we  made  up  a  mixture  of  benzene 

»nd    ryc/ohexane     in    equal     proportions.      A    quantity     of    thia 

G  A  2 
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solution  was  shaken  with  half  its  volume  of  ethyl  tartrate,  and  the 
whole  cooled  in  a  freezing  mixture  of  ice  and  salt.  The  upper 
layer  was  then  separated  and  shaken  with  about  its  own  volume  of 
ethyl  tartrate,  separated  again,  and  distilled.  Approximately  50 
per  cent,  of  the  original  cycZohexane  was  recovered  in  a  pure 
condition.  If  a  mixture  contains  more  than  about  50  per  cent,  of 
benzene,  its  separation  by  shaking  with  ethyl  tartrat-e  would  be 
distinctly  more  difficult,  but  could  perhaps  be  accomplished  by 
the  addition  of  a  little  water  to  the  mixture ;  we  have  not,  however, 
attempted  such   a  separation. 

On  account  of  this  difficulty  in  regard  to  solubility,  it  was  neces- 
sary to  alter  our  proposed  method  of  estimation  in  order  to  obtain 
an  active  liquid  with  which  cycZohexane  would  mix.  We  finally 
adopted  a  mixture  of  four  volumes  of  ethyl  tartrate  and  one  volume 
of  benzene,  as  we  found  that  five  volumes  of  this  solution  mix 
completely  with  one  volume  of  cycZohexane. 

We  therefore  made  up  several  solutions  all  containing  4  c.c.  of 
ethyl  tartrate  and  1  c.c.  of  benzene  (5  c.c.  of  a  stock  solution),  and 
then  one  other  c.c.  of  variable  composition,  either  pure  benzene,  pure 
cycZohexane,   or   a  mixture    of  the    two    in    known    proportions. 

The  rotation  of  each  solution  was  then  determined  in  a  50  mm. 
tube,  the  temperature  being  kept  constant  at  25°. 
The  results  were  as  follows : 

Volume  percentage  of  cyc^hexane 

in  the  variable  c.c 0  20  40  60  80  100 

af  +2-81°  2-58°  2-40°  2-21°  2-00°  176° 

Deviation  from  mean    ±0-00°  -0-02"  +0-015°  +0-03°  +0-03°  tOOO" 

Thus  a  solution  containing  4  vols,  of  ethyl  tartrate  and  2  vols, 
of  benzene  gives  a  rotation  of  +2'81°;  one  of  4  vols,  of  ethyl 
tartrate,  1  vol.  of  benzene,  and  1  vol.  of  cyc?ohexane  gives  a  rotation 
of  +l-76°.  The  substitution  of  1  vol.  of  cycZohexane  for  1  vol.  of 
benzene  brings  about  therefore  a  diminution  of  1"05°  in  rotation. 
Benzene  has  only  a  slight  effect  on  the  rotation  of  ethyl  tartrate, 
so  that  cycZohexane  must  have  a  considerable  depressing  influence, 
since  a  small  proportion  of  it  is  capable  of  reducing  the  rotation  of 
the  above  solution  by  about  33  per  cent. 

The  total  difference  of  1"05°  is,  however,  not  very  much  to  work 
upon,  but  since  the  polarimeter  can  be  read  to  0'01°,  it  should 
be  possible,  using  great  care,  to  reduce  the  error  of  an  estimation  by 
this  method  to  about  1  per  cent.  By  using  larger  quantities 
substance  and  a  longer  polarimeter  tube,  an  accuracy  of  1  per  cent] 
ehould  not  be  difficult  to  attain  to.  If  our  data  be  plotted  on 
diagram,  it  will  be  seen  that  the  intermediate  values  lie  about  tl 
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straight  line*  joining  the  two  extremes.  Assuming  that  the  end 
values  are  correct,  the  maximum  deviation  from  the  straight  line 
is  +0'03°,  whence  these  experiments  may  be  relied  on. to  about 
3  per  cent. 

In  order  to  test  our  method  of  analysis,  one  observer  prepared  a 
mixture  of  benzene  and  cycZohexane,  which  was  then  examined 
bv  the  other  observer.  One  c.c.  of  the  mixture  was  added  to  5  c.c. 
of  the  stock  solution.  The  rotation  of  this  solution  was  +2'39°, 
which  should  correspond  with  39o  per  cent,  of  cyclohexRne.  The 
solution  actually  contained  35"7  per  cent.,  so  that  the  error  was 
38  per  cent.  The  experiment  had  involved  the  use  of  a  1  c.c. 
pipette  not  used  in  the  other  set  of  observations,  and  this  may 
account  for  the  slightly  increased  error. 

The  product  of  our  Sabatier-Senderens  reaction  was  now  shaken 
with  about  half  its  volume  of  ethyl  tartrate.  Some  90  to  92  per 
cent,  of  the  preparation  remained  undissolved.  This  was  separated 
and  redistilled.  Its  boiling  point  was  80°.  One  c.c.  of  this  was 
mixed  with  5  c.c.  of  the  stock  solution  of  ethyl  tartrate  and  benzene, 
and  the  resulting  liquid  examined  as  before  in  the  polarimeter. 
It  always  happened— we  tried  the  experiment  several  times — that 
the  value  of  the  rotation  started  about  +1*90°,  and  fell  gradually 
during  a  period  of  approximately  eighteen  hours  to  the  value 
1'75 — 1*76°,  the  latter  being  the  rotation  previously  found  for  the 
solution  containing  1  c.c.  of  pure  cyclohexane.  These  solutions 
were  homogeneous,  and,  when  placed  in  a  freezing  mixture,  did  not 
separate  into  two  layers.  The  cycZohexane  was  again  shaken  with 
ethyl  tartrate,  separated,  and  distilled,  but  the  same  behaviour  as 
before  was  observed  when  its  solution  with  benzene — ethyl  tartrate 
was  examined  in  the  polarimeter.  We  are  unable  to  suggest  an 
explanation  of  this  curious  phenomenon.  Solutions  made  up  by 
mixing  q/dohexa.ne  (Kahlbaum)  with  ethyl  tartrate  and  benzene 
did  not  show  it. 

Ukivruwtt  07  Glasgow. 

Id  general,  this  would  doubtless  not  be  a  straight  line.     Sec  Trans.,  1909,  95, 
1131. 
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CLXXXVIII. — The  Identity  of  Osyritrin,  Myrticolorin, 
Violaquercitrin,  and  Rutin. 

By  Arthur  George  Perkin. 

In  a  previous  communication  (Trans.,  1902,  81,  477)  it  was  shown 
that  osyritrin  (Osyris  compressa),  myrticolorin  (Eucalyptus 
macroryncha,  Smith,  Trans.,  1898,  73,  697),  and  violaquercitrin 
(Viola  tricolor,  Mandolin,  Jahresh.,  1883,  1369)  were  identical,  and 
the  formula  C27H280jg  was  assigned  to  these  substances.  From  the 
products  of  their  hydrolysis,  quercetin  and  dextrose  (as  osazone) 
were  isolated,  and  this  decomposition  was  represented  by  the 
equation : 

^27^28^16  +  SHgO  =  C15H10O7  +  2C6H12O6. 

The  close  resemblance  of  osyritrin  to  rutin  was  noted  at  the 
time,  for  it  was  pointed  out  that  the  dyeing  properties  of  these 
glucosides  are  identical,  and  in  an  earlier  paper  (Trans.,  1899,  75, 
440)  that  both  compounds  yield  a  monopotassium  salt  of  similar 
character.  On  the  other  hand,  as,  according  to  Beilstein  (Hand- 
huch,  1897,  III,  607),  the  formula  of  rutin  was  C27H3oOj6,2H20, 
its  melting  point  above  190°,'  and  the  products  of  its  hydrolysis 
quercetin  and  two  molecules  of  rhamnose  (Schunck,  Trans.,  1888, 
■53,  264),  it  appeared  unnecessary  to  carry  out  a  further  comparison 
of  these  two  compounds.  A  more  recent  investigation  by  Schmidt 
(ArcJi.  Fharm.,  1908,  246,  214)  and  also  by  Wunderlich  (ihid., 
246,  224)  has,  however,  shown  that  violaquercitrin  is  identical  with 
rutin,  and  that,  moreover,  both  compounds,  when  hydrolysed,  give 
not  only  dextrose  but  rhamnose: 

C27H30O16  +  3H2O  =  C15H  J0O7  +  CgHjgOe  +  CeHnOe. 

From  the  fact  of  the  identity  of  osyritrin,  myrticolorin,  and  viola- 
quercitrin, it  was  obvious  that  these  three  glucosides  consisted  of 
rutin,  and  a  further  examination  of  this  point  did  not  suggest  itself. 
The  appearance  of  a  paper  by  Auld  (Proc,  1910,  26,  146)  on  the 
presence  of  osyritrin  in  the  Osyris  ahysinnica,  and  a  private  com- 
munication from  Dr.  G.  Clarke  as  to  the  existence  of  a  substance 
apparently  identical  with  osyritrin  in  the  leaves  of  the  Tephrosia 
purpurea,  but  which,  however,  on  hydrolysis,  gives  quercetin, 
dextrose,  and  rhamnose,  has  shown  that  a  further  note  on  this 
subject  is  necessary. 

J-^xperiments  have  been  therefore  carried  out  to  prove  that  when 
hydrolysed,  myrticolorin  and  osyritrin  give  not  only  dextrose  but 
rhamnose.     Some  quantity  of  the  former  was  prepared  in  a  pure 
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condition  from  the  residue  of  a  commercial  sample  *  received  some 
time  ago  from  Mr.  H.  G.  Smith  for  a  determination  of  its  practical 
value,  and  this  was  digested  with  boiling  dilute  sulphuric  acid  in 
the  usual  manner.  The  filtrate  from  the  quercetin  was  neutralised 
with  barium  carbonate,  the  clear  liquid  partly  evaporated,  and 
divided  into  two  portions,  the  first  of  which  was  devoted  to  the 
preparation  of  osazone,  and  the  second  to  the  isolation  of  rhamnose. 

The  moist  osazone  washed  with  ether  or  acetone  gave,  as  pre- 
viously found,  almost  pure  glucosazone,  and  it  was  owing  to  this 
procedure  that  the  more  soluble  compound,  considered  to  be  an 
impurity,  was  previously  not  recognised.  The  crude  substance 
dissolved  in  alcohol  was  now  poured  into  about  ten  times  its  bulk 
of  ether,  and  the  solution  thoroughly  washed  with  water.  By 
gentle  evaporation,  the  main  bulk  of  the  glucosazone  separated, 
and  by  further  fractional  distillation  a  more  soluble  compound  was 
isolated,  which,  after  purification,  melted  at  180 — 182°,  and  had 
the  properties  of  rhamnosazone. 

The  second  portion  of  the  mixed  sugar  solution  was  treated  with 
yeast,  and  when  fermentation  had  ceased,  the  filtered  liquid  was 
evaporated  to  dryness.  A  concentrated  alcoholic  extract  of  the 
residue  was  inoculated  with  a  crystal  of  rhamnose,  and  after  two 
days  deposited  a  considerable  quantity  of  a  colourless,  crystalline 
substance.  This  was  collected,  washed  with  a  mixture  of  ether  and 
alcohol,  and  then  melted  at  92 — 93°,  and  this  melting  point  was 
unaltered  by  its  admixture  with  rhamnose  itself. 

For  the  examination  of  osyritrin,  but  0'5  gram  was  available, 
and  the  preparation  of  crystalline  rhamnose  from  this  glucoside 
could  not  be  attempted.  The  osazone  of  the  mixed  sugars  isolated 
in  the  usual  manner,  however,  yielded  by  fractional  crystallisation 
from  ether  according  to  the  method  above  described  a  substance 
melting  at  180 — 183°,  which  was  evidently  rhamnosazone. 

Finally,  it  was  found  that  the  melting  points  of  osyritrin  and 
myrticolorin  were  not  affected  by  admixture  with  rutin.  The 
formula  C27H280j8,3H20,  previously  assigned  to  these  preparations, 
should  therefore  be  C27H3oOi6,3H20,  and  with  this  the  analytical 
''^ures  given  are  in  equally  good  agreement. 

Clothworkers'  Rksearcu  Laboratory, 

Dyeing  Department, 

Leeds  University. 

The  simplicity  with  which  myrticolorin  can  be  isolated  from  the  E.  macroryncha 
in  large  quantity  (Smith,  he.  cit.)  suggested  a  commercial  possibility  for  this 
Material  Although  commercial  trials  have  indicated  that,  csjiccially  on  cotton,  it 
■  inferior  to  flavine  ((luercitrin),  it  is  an  excellent  source  of  quercetin,  and  may 
•TCntaaJly  posses!j  value  in  this  respect. 
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CLXXXIX. — Solubilities     of    Organic     Substances     in 

Organic  Solvents:   A    Contribution    to   the  Theory 

of  Solubility. 

By  Dan  Tyrer. 

In  a  previous  paper  (this  vol.,  p,  621)  on  the  solubility  of  salts 
above  the  critical  jDoint,  it  was  shown  that  the  solubility  above  this 
point  varied  with  the  density  of  the  solvent,  and  could  be  repre- 
sented as  a  function  of  the  concentration  of  the  solvent,  that  is, 
the  amount  of  solvent  contained  in  unit  volume  of  the  saturated 
solution.  As  the  concentration  of  the  solvent  diminished,  the 
solubility  of  the  solute  decreased.  This  suggests  the  idea  that  the 
concentration  of  the  solvent  is  an  important  factor  influencing  the 
solubility  of  a  solute.  With  rise  of  temperature,  the  concentration 
of  a  solvent  in  a  saturated  solution  decreases,  whereas  the  solubility 
of  the  solute  usually  increases.  We  must  conclude  from  this  that 
the  solubility  is  influenced  by  a  second  factor,  namely,  temperature. 
Considering,  then,  the  solubility  of  a  particular  solute  in  a  par- 
ticular solvent,  we  can  say  that  the  solubility  under  all  possible 
conditions  is  governed  by  the  following  factors: 

(1)  Temperature; 

(2)  The  concentration   of  the  solvent; 

or,  expressed  mathematically, 

S  =  Kf(G)4{T), 
where  S  is  the  solubility,  G  the  concentration  of  the  solvent,  T  the 
temperature,  and  K  a  constant. 

The  object  of  this  work  was  to  determine  the  form  of  the 
function  /(C). 

It  must  be  remarked  that  the  above  generalisations  are  inde- 
pendent of  the  mode  or  nature  of  the  process  of  dissolution,  and 
should  be  valid  for  all  solutions.  At  the  same  time,  however,  if 
any  comparison  is  to  be  made  of  the  form  of  the  function  /(C) 
for  one  solution  with  the  form  for  another,  the  two  solutions  must 
be  the  same  as  regards  their  constitution.  That  is  to  say,  there 
must  be  no  polymerisation  or  association  of  the  molecules  of  any 
kind  in  either  of  the  solutions.  For  this  reason,  the  solubilities  of 
organic  substances  in  organic  solvents,  in  which  the  existence  of 
molecular  associations  is  improbable,  have  been  investigated. 

In  the  majority  of  aqueous  solutions,  and  probably  in  all  solutions 
where  the  solvent  is  an  associated  liquid,  as,  for  example,  a  solvent 
containing  a  hydroxyl  group,  molecular  association  of  the  solvent 
and  solute  undoubtedly  occurs,  and  the  process  of  dissolution  in 
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these  cases  is  probably  due  to  some  extent  to  the  formation  of  these 
complex  molecules.  With  non-associated  solvents,  there  is  evidence 
for  the  belief  that  the  solute  (if  it  is  also  non-associated)  does  not 
associate  with  the  solvent,  but  the  molecules  of  both  move  freely 
among  each  other  like  the  molecules  in  a  mixed  gas. 

Forch  (Ann.  PJiysik,  1905,  [iv],  17, 1012)  found  that  naphthalene 
dissolved  in  non-associated  solvents  had  a  constant  molecular  volume 
at  constant  temperature  independent  of  the  solvent  or  the  con- 
centration. Such  a  regularity  as  this  would  not  exist  were  there 
any  appreciable  molecular  association  in  these  solutions.  Further- 
more, in  contrast  with  associated  liquids,  when  two  non-associated 
liquids  are  mixed,  very  small  volume  and  temperature  changes  occur 
(Linebarger,  Amer.  Chem.  J.,  1896,  18,  44D;  Brown,  Trans.,  1881, 
39,  202;  Thorpe  and  Rodger,  Trans.,  1897,  71,  367;  Walker  and 
Henderson,  Trans.  Itoy.  Soc.  Canada,  1902,  [ii],  8,  Sect,  iii,  105). 
This  can  only  be  regarded  as  indicating  that  no  molecular  association 
occurs  when  non-associated  substances  are  mixed. 

From  theoretical  considerations  regarding  the  form  of  the  com- 
position— partial  pressure  curve  of  a  constituent  of  a  binary  mixture 
of  liquids — Dolezalek  (Zeitsch.  jthy&ikal.  Chem.,  1908,  64,  727)  con- 
cluded, from  existing  data,  that  in  binary  mixtures  of  such  liquids 
as  benzene,  toluene,  chloroform,  and  in  general  liquids  which  are 
not  associated  in  a  pure  state,  there  is  no  association  or  poly- 
merisation of  any  kind. 

In  order  therefore  that  any  regularities  which  might  exist  would 
not  be  concealed  by  complications  arising  from  molecular  asso- 
ciations, it  was  necessary  to  study  solubilities  of  non-associating 
organic  solutes  in  non-associating  organic  solvents.  General 
experience  leads  us  to  believe  that  such  substances  are  those  not 
containing  hydroxyl,  amino-,  or  cyano-groups.  Except  in  the  case 
of  solutions  above  the  critical  point,  where  the  concentration  of  the 
solvent  can  be  varied  at  will,  only  one  method  of  attacking  the 
problem  seems  available.  A  solute  satisfying  the  above  conditions 
is  found  which  is  soluble  in  a  solvent  A,  and  very  slightly  soluble 
(compared  with  solubility  in  A)  in  another  solvent  B,  which  is 
completely  miscible  with  A.  B  is  then  used  to  dilute  A,  and 
solubilities  in  mixtures  of  A  and  B  in  varying  proportions  from 
pure  A  to  pure  B  determined  at  constant  temperature.  A  deter- 
ruination  of  the  density  of  the  saturated  solution  is  also  necessary 
in  order  to  calculate  the  concentration  of  each  of  the  solvents. 

An  appro.ximation  is  then  made  by  supposing  the  amount  of  the 
solute  dissolved  by  the  B  portion  of  the  mixture  to  be  proportional 
to  the  concentration  of  tho  solvent  B.  This  amount  subtracted 
from  the  total  amount  dissolved  by  the  mixture  gives  the  amount 
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dissolved  by  A  alone.  Any  error  thus  introduced  will  be  negligibly 
small  if  there  is  a  considerable  difference  in  the  solubilities  in  the 
respective  pure  solvents  except  at  low  concentrations  of  A.  It 
must  be  pointed  out  that  the  assumption  is  here  made  that  the 
solvent  B  has  no  other  effect  than  that  of  merely  diluting  A.  The 
necessary  conditions  greatly  restrict  the  number  of  cases  open  to 
investigation,  and  only  one  class  of  liquids  has  been  found  which 
can  be  used  as  diluents.  These  are  the  aliphatic  hydrocarbons,  in 
which,  as  a  general  rule,  organic  substances  of  the  above  specified 
nature  are  much  less  soluble  than  in  other  organic  solvents. 

Incidentally,  some  careful  measurements  of  the  solubility  of  some 
organic  substances  in  organic  solvents  at  varying  temperatures  have 
been  made. 

Afjparatus. 

As  it  was  necessary  to  determine  the  concentration  of  the  solvent 
in  the  saturated  solution  besides  the  solubility  of  the  solute,  the 
ordinary  type  of  solubility  apparatus  was  not  suitable,  and  a  special 
form  had  to  be  devised.  This  is  best  explained  by  reference  to 
Fig.  1. 

The  solvent  with  excess  of  the  solute  (in  not  too  fine  a  powder) 
is  placed  in  the  inner  tube  A  and  well  mixed  together  with  a 
vertically  acting  stirrer  worked  by  a  small  motor.  The  tube  A  is 
surrounded  by  a  bath  of  vapour,  which  circulates  through  the 
cylinder  B,  condenses  in  G,  and  returns  to  the  boiling  flask  M. 
When  the  solution  is  saturated,  it  is  allowed  to  settle,  and  the  clear 
solution  run  out  (by  raising  the  tube  D)  into  a  small  graduated 
flask  E,  which  is  maintained  at  the  same  temperature  as  the  solution 
in  A.  The  temperature  of  the  vapour-bath  is  varied  by  changing 
the  pressure  under  which  the  liquid  in  the  flask  M  is  boiling.  For 
this  purpose  the  top  of  the  condenser  G  is  attached  to  a  water 
pump,  and  the  pressure  can  be  maintained  perfectly  constant  by  a 
manostat  P.  The  level  of  the  mercury  column  in  P  must  necessarily 
remain  constant  about  the  end  of  the  tube  S.  The  pressure,  and 
consequently  the  temperature  of  the  bath,  can  be  varied  at  will  by 
merely  raising  or  lowering  the  mercury  reservoir  R.  The  tem- 
perature can  with  care  be  maintained  constant  to  0'01°.  For  this 
purpose  the  apparatus  must  be  quite  air-tight,  the  liquid  in  the 
boiling  flask  must  not  bump  (which  is  entirely  prevented  by  placing 
in  the  flask  a  layer  of  mercury),  and  a  pure  boiling  liquid  must  be 
used.  The  density  of  the  saturated  solution  (and  from  this  the 
concentration  of  the  solvent  can  be  calculated)  is  found  by  weighing 
the  bottle  E  filled  up  to  the  graduation  on  the  neck  with  the 
saturated  solution.     The  volume  of  this  bottle  had  previously  been 
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determined  with  great  care,  and  corrections  made  for  expansion  of 
the  glass,  curved  surface  of  meniscus,  etc.  After  being  weighed, 
the  contents  (and  washings)  of  the  bottle  E  are  poured  into  a 
special  form  of  evaporating   bottle    (Fig.    2).     The    body   of   this 


Fig.  1. 


— ^  To  fiunfi 


bottle  is  immersed  in  a  water-bath  kept  at  a  temperature  too  low 
for  any  escape  by  volatilisation  of  the  dissolved  substance,  and  the 
evaporation  carried  out  by  drawing  over  the  surface  a  rapid  current 
of  dry  air. 

Two  thermometers  graduated  in  fifths  of  a  degree,  and  readable 
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to  l/50th  of  a  degree,  were  used,  one  in  the  lower  portion  of  the 
apparatus,  and  the  other  in  the  higher  portion. 

Kahlbaum's  chemicals  were  used  without  any  further  purification. 

Ees'idts. 

The  values  given  in  the  tables  below  were  read  from  the  smoothed 
curves  of  experimental  results,  which,  in  the  case  of  the  solubility 
determinations  in  the  pure  solvents  at  varying  temperatures,  were 


Fig.  2. 


made  every  5°  or  6°.  The  lowest  temperatures  (10° — 13°)  were 
obtained  by  substituting  for  the  vapour-bath  a  current  of  cold  water 
at  constant  temperature.  The  results  for  0°  were  obtained  by 
extrapolation,  and  are  probably  a  little  less  accurate  than  the  other 
figures.  The  probable  error  in  the  values  given  for  the  solubilities 
in  the  pure  solvents  is  about  +0001  to  +0002,  whilst  the  figures 
for  the  concentration  of  the  solvent  are  accurate  to  about  00002 
gram  per  c.c. 
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SoluhUity  of  Anthraquinone  in 
Benzene. 


Solubility  of  Anthroujuinone  in 
Chloroform. 


Concentration 

Concentration 

Solubility  in 

of  solvent 

Solubility  in       of  solvent 

Tem- 

giams per  100 

in  grams 

Tem- 

grams per  100       in  grams 

perature. 

grams  of  solvent. 

per  c.c. 

perature 

grams  of  solvent.      per  c.c. 

0° 

0-110 

0-8986 

0° 

0-340                 1-5180 

10 

0-173 

0-8880 

10 

0-457                1-4975 

20 

0-256 

0-8771 

20 

0-605                1-4765 

30 

0-350 

0-8658 

30 

0-780                1-4545 

40 

0-495 

0-8543 

40 

0-994                1-4315 

50 

0-700 

0-8429 

50 

1-256                 1-4086 

60 

0-974 

0-8310 

55 

1-415                 1-3967 

70 

1-355 

0-8180 

60 

1-577                1-3847 

80 

1-775 

0-8044 

Solubility  of  AntJi 

racene  in 

Benzene. 

Solubili 

ty  in 

Concentration 

grams 

per 

of  solvent 

Temperature. 

100  grams  of  solvent. 

in  grams  per  c.  c. 

0° 

0-60 

5 

0-8940 

10 

0-975 

0-8820 

20 

1-43 

0-8686 

30 

2-03 

0-8547 

40 

2-78 

0-8394 

50 

3-75 

0-8234 

60 

514 

0-8070 

70 

7-00 

0-7876 

75 

8-35 

0-7772 

The  values  for  the  solubility  in  the  above  table  are  accurate  to 
the  last  decimal  figure  given.  They  differ  rather  considerably, 
however,  from  values  given  by  Findlay  (Trans.,  1902,  81,  1221). 
Most  of  Findlay's  values  -were  not  experimentally  determined,  but 
calculated  by  aid  of  a  theoretical  expression  enabling  the  comparison 
of  one  solubility  curve  with  another.  His  results  for  the  higher 
temperatures  are  undoubtedly  much  too  low,  and  those  for  lower 
temperatures  too  high. 


Solubility  of  Phenanthraquinone 
in  Benzene. 


Solubility  in 
Tcm-       grams  per  100 
pcrature.  grams  of  solvent. 


10° 
15 
20 
80 
40 
60 
60 
70 
80 


0-412 
0-471 
0-538 
0-738 
1-032 
1-354 
1-760 
2-687 
3-770 


Concentration 
of  solvent 
in  grams 
per  c.c. 
0  8867 
0-8807 
0-8750 
0-8633 
0-8514 
0-8390 
0-8-263 
0-8112 
0-7950 


Solubility  of  Phenanthraquinone 
in  Ethyl  Acetate. 

Concentration 
Solubility  in       of  solvent 
Tern-       grams  ikt  100 
perature.  grams  of  solvent 


10° 

20 

30 

40 

50 

65 

60 

65 

70 

75 


0-518 
0  626 
0-770 

0  995 

1  -292 
1-457 
1-640 
1-902 
2-215 
2-515 


in  gr:ini8 
per  c.c. 
0-9092 
0  8969 
0-8840 
0-8707 
0-8567 
0-8493 
0-8423 
0  8348 
0-8270 
0-8188 
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An  interesting  point  about  the  above  figures  is  that  the  con- 
centration of  the  solvent  in  the  saturated  solution  is  very  approxi- 
mately a  linear  function  of  the  temperature.  For  example,  the 
concentration  of  a  saturated  solution  of  phenanthraquinone  in 
benzene  is  given  approximately  by  the  equation : 

C  =  0-8986-0-00119«, 

where  t  is  the  temperature  in  degrees  centigrade.     Introducing  this 
approximation  into  the  fundamental  equation,  we  can  write : 

S  =  K.f{a-ht)4{t), 

where  a  and  h  are  constants.     This  gives  the  solubility  in  terms  of 
the  temperature. 

Solubility  of  Anthraquinone  in  Chloroform  diluted  with  Hexane 

at  12-6° 

The  solubility  in  the  hexane  alone  at  12'6°  is  0'006  per  cent.,  and 
in  the  chloroform  alone  0482  per  cent.  This  difference  is  suffi- 
ciently great  to  justify  the  supposition  that  the  amount  dissolved 
by  the  hexane  alone  in  the  mixture  is  proportional  to  the  con- 
centration of  the  hexane.  The  values  of  the  solubility  in  the 
following  table  have  been  found  by  determining  the  solubility  in  the 
mixed  solvent  and  subtracting  for  the  amount  dissolved  by  the 
hexane  alone.  The  values  for  the  smaller  concentrations  are  only 
approximate,  for  the  error  of  the  above  approximation  is  here 
greatest.  The  solubilities  for  the  concentration  of  I'SOOO  grams 
per  c.c,  given  in  all  the  chloroform  solutions,  were  found  by 
extrajDolation,  as  the  concentration  of  pure  chloroform  is  below 
this  value. 


Concentration 

Solubility 

of  solvent  in 

in  grams 

grams  per  c.  c. 

per 

100  ol"  solvent 

0-0 

0-0 

0-1. 500 

0-036 

0-3000 

0-077 

0-4500 

0  1-20 

0-6000 

0-163 

07500 

0-210 

Concentration 

Solubility 

of  solvent  in 

in  graniH 

grams  per  c.c. 

]>er  100  of  solvent 

0-9000 

0  -255 

1-0500 

0-305 

1  -2000 

0-358 

1-3500 

0-420 

1  -5000 

0-507 
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Solubility  of  Anthraquinone  in  Chloroform  diluted  with  Hexane 

at  49°. 

In   this   case  the  solubility    in   the    chloroform   alone  is   about 
twenty-two  times  greater  than  that  in  the  hexane. 


Concentration 

Solubility 

Concentration 

Solubility 

of  solvent  in 

in  grams 

of  solvent  in 

in  grams 

grams  per  c.c. 

per  100  of  solvent. 

grams  per  c.c. 

per  100  of  solvent 

0-0 

0-0 

0-9000 

0-730 

0-1500 

0-123 

1-0500 

0-857 

0-3000 

0-241 

1-2000 

1-000 

0-4500 

0-363 

1  3500 

1-144 

0-6000 

0-483 

1-5000 

1-297 

0-7500 

0-608 

Solubility  of  Phejianthraquinone  in  Chloroform  diluted  with 
Pentane  at  14'5°. 

In  this  case  the  solubility  in  the  chloroform  alone  is  about  seventy 
times  greater  than  that  in  the  pentane. 


Concentration 
of  f-olvent  in 
grams  per  c.c. 

0-500 

0-700 

0-900 

rioo 


Solubility 
in  grams 
per  100  of  solvent. 
0-390 
0-603 
0-885 
1-290 


Concentration 

of  solvent  in 

grams  per  c.c. 

1-300 

1-400 

1-500 


Solubility 
in  grams 
per  100  of  solvent 
1-920 
2-250 
2-580 


Solubility  of  Phenanthraquinone  in  Benzene  diluted  with  Pentane 

at    15-5° 


0-0 

0-0 

0-100 

0-037 

0-200 

0  082 

0  300 

0-133 

0  400 

0-195 

0  500 

0-258 

0-600 

0-317 

0-700 

0-375 

0-800 

0-435 

Solubility  of  Phenanthraquinone  in  Ethyl  Acetate  diluted  with  a 
Mixture  of  Hydrocarbons  from  Petroleum  at  48°. 

As  a  diluent,  a  mixture  of  hydrocarbons  boiling  between  82°  and 
92°,  distilled  from  petroleum,  was  used.  The  solubility  in  the 
acetic  ester  alone  is  about  eighteen  times  greater  than  in  the 
mixture  of  hydrocarbons. 

Concentration 
of  solvent  in 
grams  per  c.c. 

0-200 

0-300 

0  400 

0-500 


Solubility 

Concentration 

Solubility 

in  grams 

uf  solvent  in 

in  grams 

per  100  of  solvent. 

grams  i>er  c.c. 

per  100  of  solvent. 

0-617 

0-600 

1-096 

0-775 

0-700 

1173 

0-913 

0-800 

1-212 

1015 

0-900 

1  -243 
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Soluhility  of  Phenanthraquinone   in  Benzene   diluted  with   a 
Mixture  of  Hydrocarhons  from  Petroleum  at  48°. 


Concentration 

Solubility 

Concentration 

Solubility 

of  benzene  in 

in  gi-aras 

of  benzene  in 

in  gi-ams 

grams  per  c.c. 

per 

100  of  solvent. 

grams  per  c.c. 

per 

100  of  solvent 

0-0 

0-0 

0-500 

0-742 

0-100 

0-140 

0-600 

0-888 

0-200 

0-290 

0-700 

1-036 

0-300 

0-440 

0-800 

1-194 

0-400 

0-593 

0-850 

1-300 

Soluhility  of  Benzil  in  Benzene  diluted  with  Hexane  at  12'3°. 

The  solubility  in  tlae  benzene  is  about  fifty  times  greater  than 
in  the  hexane. 


0-0 
0-200 
0-300 
0-400 


0-0 

9  0 

13-2 

18-3 


0-500 
0-600 
0-700 


24-8 
32-8 
39-9 


Conclusions. 

The  results  given  in  the  above  tables  have  been  plotted 
graphically  (see  Fig.  3).  The  curves  given  are  not  all  on  the 
same  scale,  but  still  they  serve  to  indicate  the  general  form  of  the 
relation  between  the  solvent-concentration  and  the  solubility.  It  g 
will  be  observed  that  the  cases  studied  do  not  give  a  common  type  i 
of  curve  as  was  at  first  expected.  This  means  that  the  law  governing 
the  relation  between  the  solubility  and  the  concentration  of  the 
solvent  is  not  general,  but  is  dependent  on  the  nature  of  the  sub- 
stances. Several  of  the  cases  do,  however,  give  curves  which 
approximately  represent  the  solubility  as  a  linear  function  of  the 
concentration  of  the  solvent.  In  the  case  of  phenanthraquinone 
in  benzene  at  48°,  for  example  (curve  G),  the  solubility  is  given 
fairly  closely  by  the  simple  relation,  »5  =  1"48C,  where  S  is  the 
solubility  and  C  the  solvent-concentration.  Phenanthraquinone  in 
benzene  at  155°,  and  anthraquinone  in  chloroform  at  49°  and  at 
12'6°  approximate  rather  less  closely  to  the  linear  function.  The 
other  cases,  however,  can  only  be  represented  accurately  by  an 
equation  of  the  form : 

where  a,  h,  and  c  are  constants.  «■ 

There  is  a  possibility  that  in  the  case  of  phenanthraquinone  in  ^| 
acetic  ester  (curve  E),  molecular  association  occurs,  and  this  would 
be  sufficient  to  explain  the  exceptional  nature  of  the  curve.     In 
support  of  this,  it  may  be  mentioned  that  MoUer  {Zeitsch.  physikal. 
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Chem.,  1909,  69,  449)  finds  that  in  a  mixture  of  carbon  tetra- 
chloride and  acetic  ester  a  large  proportion  of  the  latter  exists  as 
double  molecules. 

With  a  mixture  of  associated  solvents,  we  might  expect  to  obtain 
very  irregular  curves  through  the  formation  of  complex  molecules. 
Holleman  and  Antusch  (Rec.  trav.  chim.,  1894,  13,  277),  working 
with  a  mixture  of  ethyl  alcohol  and  water,  and  with  organic  solutes 
which  are  much  more  soluble  in  the  former  than  in  the  latter,  found 


Fig.  3. 


"^ 


A. 
B. 
C. 
D. 
E. 
F. 

n. 


Solubilily. 

Phenauthraqiiinone  in  benzene  at  15'5°  (diluent:  pentane). 
Anthraquinone  in  chloroform  at  12"6°  (diluent :  hexano). 
Phenanthniquinone  in  benzene  at  48°  (diluent :  mixture  of  hydrocarbons). 
Anthraquinone  in  chloroform  at  49°  (diluent :  hexane). 
Phenanthraquinone  in  ethyl  acetate  at  48°  (diluent :  hydrocarbons). 
Ben/il  in  benzene  at  12 "S"  (diluent :  hexane). 
Pbenanthraquiaone  iu  chloroform  at  14 '5°  (diluent :  |>entane). 


n  many  cases  (acetanilide,  acetonaphthalide,  benzamide,  etc.)  that 
the  solubility  in  the  mixed  solvent,  starting  from  pure  alcohol, 
increased  at  first  as  the  proportion  of  the  water  in  the  mixture 
increased,  reached  a  maximum,  and  then  decreased.  Herz  and 
Knoch  {Zeitgch.  anorg.  Chem.,  1904,  41,  315)  found  that  succinic 
•cid  dissolved  in  a  mixture  of  acetone  and  water  gave  a  similar 
'iiaximum  solubility. 
VOL.  xcvn.  G  B 
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The  existence  of  these  maxima  can  only  be  explained  on  the 
supposition  that  associated  molecules  are  formed  with  the  two 
solvents  which  have  a  greater  solvent  action  on  the  particular 
solutes  than  have  the  pure  solvents. 
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CXC. — A    New   Method  for  the   Preparation   of  Aryl 
Ethers  of  Glycerol  a-Monochlorohydrin. 

By  David  Runciman  Boyd  and  Ernest  Robekt  Maele. 

In  the  preparation  of  glycide  aryl  ethers  by  the  action  of  epichloro- 
hydrin  on  a  solution  of  a  phenol  in  excess  of  sodium  hydroxide 
(Trans.,  1908,  93,  838;  1909,  95,  1808),  we  have  invariably  observed 
amongst  the  products  of  the  reaction  a  small  quantity  of  a  com- 
pound containing  chlorine,  which  we  assumed  to  be  the  glycerol 
a-monochlorohydrin  aryl  ether,  Ar-0-CH2-CH(OH)-CH2Cl. 

This  fact  led  us  to  investigate  whether  sodium  hydroxide  might 
be  advantageously  employed  as  a  catalytic  agent  to  bring  about 
the  addition  of  a  phenol  to  epichlorohydrin.     We  find  that  this  is  so. 
In  the  presence  of  a  small  quantity  of  sodium  hydroxide,  epichloro- 
hydrin and  phenol  react  at  the  ordinary  temperature  with  moderate 
rapidity    to    form    y-chloro-iS-hydroxy-a-phenoxypropane.      Prom   a     ] 
mixture  of  94  grams  of  phenol  and  92'5  grams  of  epichlorohydrin,     I 
to  which  0'5  gram  of  sodium  hydroxide  had  been  added,  we  obtained,     ' 
after  the  mixture  had  been  kept  for  about  three  weeks,  %&  grams 
of  chlorohydrin  ether,  boiling  at  151 — 160°/18  mm.;  from  this,  on 
fractionation,     49     grams,     boiling    at    155 — 156°/ 16    mm.,    were 
obtained. 

Fischer  and  Kramer  {Ber.,  1908,  41,  2728),  following  the  method 
of  Lindemann  (Ber.,  1891,  24,  2145),  have  prepared  the  phenyl 
ether  (-y-chloro-iS-hydroxy-a-phenoxypropane)  by  heating  epichloro- 
hydrin with  phenol  in  a  closed  vessel  for  forty  hours  at  160°.  They 
give  152 — 153°/ 12  mm.  as  the  boiling  point  of  the  pure  substance. 
They  obtained,  from  500  grams  of  epichlorohydrin  and  600  grams 
of  phenol,  173  grams  of  crude  ether,  boiling  at  135 — 155°/ 12  mm.; 
the  yield  of  the  pure  compound  is  not  mentioned.  ■■ 

Fourneau  (/.  Pharm.  Chim.,   1910,  [vii],  1,  58)  gives  25  to  30  ~" 
grams  as  the  yield  of  chlorohydrin  ether  obtained  from  65  grams  of 
phenol  by  the  same  method,   but  no  boiling  point  is  mentioned. 
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Fourneau  (loc.  cit.)  has  also  prepared  y-chloro-iS-hydroxy-a-phenoxy- 
propane  by  boiling  phenol  with  a  large  excess  of  epichlorohydrin. 
The  yield  mentioned  is  20  to  22  granis  from  35  grams  of  phenol, 
but  no  information  is  given  with  regard  to  the  purity  of  this 
product.  The  boiling  point  given  by  Fourneau  for  the  pure  sub- 
stance, 170°/ 21  mm.,  appears  to  be  considerably  too  high. 

Using  Lindemann's  method,  and  heating  for  ten  hours  at  150°, 
we  have  obtained  about  5  grams  of  y-chloro-j8-hydroxy-o-phenoxy- 
propane,  boiling  at  152 — 155°/ 12  mm.,  from  47  grams  of  phenol. 
We  were  unable  to  detect  the  presence  of  any  phenyl  glycide  ether, 
which,  according  to  Lindemann,  is  one  of  the  products  formed 
when  epichlorohydrin  is  heated  with  phenol. 

Experimental. 

y-Chloro-p-hi/droccy-a-phenoxypropane, 
CcH5'0-CH2-CH(OH)-CH2Cl. 

Half  a  gram  of  sodium  hydroxide  (1/80  mol.),  dissolved  in 
about  5  c.c.  of  water,  was  added  to  a  mixture  of  94  grams  of 
phenol  (1  mol.)  and  925  grams  of  epichlorohydrin  (1  mol.).  The 
mixture  formed  a  clear  solution.  After  it  had  been  kept  for 
about  three  weeks  at  the  laboratory  temperature,  it  had  still  a 
strongly  alkaline  reaction.  It  was  then  treated  with  ether;  the 
ethereal  solution  was  shaken  with  dilute  sodium  hydroxide  solution 
to  remove  unchanged  phenol,  and  dried  over  potassium  carbonate. 
On  distillation  of  the  product  under  diminished  pressure,  66  grams 
of  7-chloro-)3-hydroxy-a-phenoxypropane,  boiling  at  151 — 160°/ 
18  mm.,  were  obtained.  The  residue  in  the  distilling  flask  was  very 
laall  in  amount.  Fractional  distillation  of  the  crude  ether  gave 
49  grams  of  oil,  boiling  at  155 — 156°/ 16  mm.  The  portion  analysed 
boiled  at  156°/ 16  mm.  (Found,  0  =  5790;  H  =  611;  CI  =  18-85. 
'ale,  C  =  57-89;  H  =  5-94;  CI  =  1901  per  cent.)  Prepared  in  this 
way,  the  ether  forms  a  colourless,  somewhat  viscous  oil,  with  a 
scarcely  noticeable  odour.  On  treatment  with  solid  potassium 
hydroxide,  it  is  converted  into  phenyl  glycide  ether. 

The  phenylur  ethane,  C6H5-0-CH2-CH(0-CO-NH-C6H5)-CHoCI, 
■vas  prepared  by  keeping  a  mixture  of  the  chlorohydrin  ether  and 
-henyl  t«ocyanate  for  twelve  days  at  the  ordinary  temperature. 
'  he  solid  mass  obtained  was  treated  with  warm  alcohol.  The 
'Icoholic  solution  was  filtered,  and  the  phenylur ethane,  obtained  on 
'  vaporation  of  the  alcohol,  was  crystallised  several  times  from  light 
ietroleum.  It  forms  needles,  melting  at  70°: 
0-2351  gave  0-11 11  AgCl.     01  =  11-69. 

0-4131     „  16-65  c.c.  No  (moist)  at  20°  and  740  mm.     N  =  4-49. 
CioHioOaNCl  requires  01  =  11-60;  N  =  4-58  per  cent. 

6  D  2 
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y-Ghloro-^-hydroxy-a-o-tolyloxyprofane, 
C7H/0-CH2-CH(OH)'CH2Cl. 

This  substance  was  prepared  by  the  same  method  as  that  employed 
for  the  phenyl  ether.  Fifty-four  grams  of  o-cresol  (1  mol.),  46 
grams  of  epichlorohydrin  (1  mol.),  and  0"5  gram  of  sodium 
hydroxide  (1/40  mol.)  were  used.  After  nine  days  the  mixture 
was  still  strongly  alkaline.  The  yield  of  crude  substance,  boiling  at 
169 — 172°/ 22  mm.,  was  25  grams.  The  pure  ether  forms  a  colour- 
less, somewhat  viscous  oil,  boiling  at  166°/18  mm.: 

0-2278  gave  01627  AgCl.     CI  =  17-67. 

CioHjgOgCl  requires  CI  =  17-68  per  cent. 

The  .'phenylurethane,  C7H7-0-CH2-CH(0-CO-NH-CcH5)-CH2Cl, 
prepared  as  in  the  previous  case,  crystallised  from  a  solution  in  cold 
alcohol,  on  addition  of  a  little  water,  in  needles,  melting  at  81 — 82° : 

0-2715  gave  0-1203  AgCl.     CI  =  10-96. 

0-2843     „  10-9  c.c.  Ng  (moist)  at  20°  and  744  mm.     N  =  4-29. 
C17HJ8O3NCI  requires  Cl  =  ir09;  N  =  4-38  per  cent. 

y-Ghloro-$-hydroxy-a--p-tolyloxy'pro'pane, 
C7H7-0-CH2-CH(OH)-CH2Cl. 

Fifty-seven  grams  of  2>cresol,  46  grams  of  epichlorohydrin,  and 
1  gram  of  sodium  hydroxide  were  used,  and  the  mixture  was  kept 
for  eight  days.  The  yield  of  crude  substance,  boiling  at  178 — 183°/ 
30  mm.,  was  47-5  grams.  The  pure  ether  boils  at  165°/ 14  mm., 
and  forms  a  colourless,  rather  viscous  oil : 

0-2036  gave  0-1447  AgCl.     CI  =  17-58. 

CjoHjgOgCl  requires  CI  =  17-68  per  cent. 

The  phenylurethane,  C7H7'0-CH2-CH(0-CO'NH-C6H5)-CH2Cl, 
prepared  as  in  the  previous  cases,  crystallised  from  alcohol  in 
needles,  melting  at  113 — 114°: 

0-2349  gave  0-1051  AgCl.     CI  =  11-06. 

0-3017     „  11-6  c.c.  N2  (moist)  at  175°  and  751  mm.     N  =  4-40. 
C17H18O3NCI  requires  CI  =  11*09;  N  =  4-38  per  cent. 

Chf-jiical  Depautment, 

Hartley  UNiVEusirr  Coi.lkge. 
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CXCI. — The   Action  of  Ammonia   on  the  Glycide   Aryl 

Ethers.     Part  II.     Phenoxypropanolamines. 

By  David  Runciman  Boyd. 

In  a  previous  communication  (Boyd  and  Knowlton,  Trans.,  1909, 
95,  1802)  an  account  was  given  of  the  bases  obtained  by  the  action 
of  ammonia  on  o-tolyl  glycide  ether.  From  analogy  to  other  cases, 
it  -was  considered  probable  that  in  this  reaction  the  amino-group 
becomes  attached  to  the  a-carbon  atom  of  the  o-tolyl  glycide  ether, 
giving  a  primary  base  of  the  formula 

C7H;-O-CH2-CH(0H)-CH2-NH2. 
This  view  has  now  been  confirmed  by  the  preparation  of  the  same 
base  from  y-chloro-^S-hydroxy-o-o-tolyloxypropane, 
C7H--0-CH2-CH(OH)-CHoCl, 
and  ammonia. 

The  action  of  ammonia  on  phenyl  glycide  ether  has  also  been 
studied,  and  bases  similar  in  character  to  those  resulting  from 
o-tolyl  glycide  ether  have  been   obtained. 

This  reaction  has  also  been  investigated  recently  by 
Fourneau,  who  states  {J.  Pharm.  Chim.,  1910,  [vii],  1,  99)  that 
phenyl  glycide  ether  and  y-chloro-jS-hydroxy-a-phenoxypropane 
react  with  ammonia  to  produce  a  secondary  base  only, 
and  who  appears  to  regard  such  behaviour  as  tjrpical  of  the 
aromatic  and  higher  fatty  halogen-hydrins.  It  is  obvious,  however, 
that  the  relative  quantities  of  primary,  secondary,  and  tertiary 
bases  obtained  in  such  a  reaction  as  that  under  consideration  must 
depend  very  largely  on  the  conditions  of  the  experiment.  If,  for 
instance,  the  glycide  ether  is  dissolved  in  a  considerable  volume  of 
a  strong  solution  of  ammonia  in  50  per  cent,  alcohol,  the  principal 
product  is  the  primary  base. 

Experimental. 

fi-A mino-fi'-phenoxt/isopropj/l  Alcohol, 
C6H5-0-CIL.-CH(OH)-CH2-NH2. 

The  hydrochloride  of  this  base  was  prepared  by  the  method 
Mready  described  in  connexion  with  the  corresponding  o-tolyloxy- 
compound  {loc.  cit.).  In  one  experiment,  using  38  grams  of  phenyl 
glycide  ether,  200  c.c.  of  concentrated  aqueous  ammonia,  and 
180  c.c.  of  alcohol,  and  keeping  the  mixture  for  some  days  at  the 
ordinary  temperature,  about  30  grams  of  the  hydrochloride  were 
obtained.      The    salt  resembles  the  corresponding     o-tolyloxy-com- 
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pound  in  having  no  definite  melting  point.  It  softens  at  136°,  but 
is  not  completely  melted  until  about  228°.  It  dissolves  very  easily 
in  cold  water. 

The  free  base  separated  in  rosettes  of  small  needles  on  adding 
sodium  hydroxide  to  a  concentrated  aqueous  solution  of  the  hydro- 
chloride. After  washing  with  water  and  drying  in  a  desiccator 
over  potassium  hydrgxide,  it  melted  at  97 — 98° : 

0-1727  gave  0-4092  COg  and  0-1204  HgO.     C  =  64-62;  H  =  7-81. 
0-1982     „  14-2  c.c.  Ng  (moist)  at  12°  and  761  mm.     N  =  8-52. 
C9H13O2N  requires  0  =  64-62;  H  =  7-85;  N  =  8-38  per  cent. 
The  base  is   easily  soluble  in   water,  giving   a  solution  with  a 
strongly   alkaline  reaction;   it  is   less  soluble  in   water  containing 
sodium  hydroxide. 

The  platinichloride  melts  and  decomposes  at  201° : 
0-3066  gave  0-0804  Pt.     Pt  =  26-22. 

(C9Hi302N)2,H2PtCl6  requires  Pt  =  26-21  per  cent. 
The  henzoate  crystallises  from  alcohol  in  prisms,  which  soften  at 
140°,  and  melt  at  143°: 

0-2560  gave  10-9  c.c.  Ng  (moist)  at  17°  and  747  mm.     N  =  4-82. 

CgHjaOgNjCyHgOg  requires  N  =  4-84  per  cent. 
j3-Amino-i8'-phenoxyzsopropyl  alcohol  can  also  be  prepared  by 
treating  y-chloro-jS-hydroxy-a-phenoxypropane  with  a  solution  of 
ammonia  in  50  per  cent,  alcohol.  The  method  of  procedure  is 
practically  the  same  as  when  the  glycide  ether  is  employed,  except 
that  after  the  alcohol  and  ammonia  have  been  expelled,  it  is  neces- 
sary to  add  some  dilute  hydrochloric  acid  in  order  to  precipitate 
the  hydrochloride  of  ihe  secondary  base,  which  otherwise  would 
remain  to  some  extent  in  solution  along  with  the  salt  of  the  primary 
amine. 

Dihydroxydiphenoxydi'propylamine, 
[C6H5-0-CH2-CH(OH)-CH2]2NH. 

A  secondary  base,  melting  at  97 — 98°,  and  giving  a  hydrochloride 
melting  at  175°,  has  been  described  by  Fourneau  {loc.  cit.)  as  the 
product  obtained  by  heating  y-chloro-j8-hydroxy-a-phenoxypropane 
with  aqueous  ammonia. 

The  crude  product  obtained  from  phenyl  glycide  ether  and 
ammonia,  which  melted  about  97°,  was  washed  twice  with  ether, 
and  then  treated  with  hydrochloric  acid.  After  several  crys- 
tallisations from  dilute  alcohol,  the  hydrochloride  softened  at  1G9°, 
and  melted  at  171—172°.  (Found,  CI  =  9-89.  Calc,  01  =  1003  pej 
cent.)  The  salt  is  moderately  soluble  in  cold  water,  but  only  vei 
sparingly  so  in  water  containing  hydrochloric  acid. 

The  free  base  was  obtained  by  adding  sodium  hydroxide  to 
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solution  of  the  hydrochloride  in  boiling  dilute  alcohol.  After  two 
crystallisations  from  alcohol,  it  melted  almost  completely  at 
101 — 102°,  but  fusion  was  not  quite  complete  until  104°.  Since 
the  nitrogen  estimation  gave  a  result  in  satisfactory  agreement  with 
the  figure  required  for  a  secondary  base,  it  seems  possible  that  the 
want  of  sharpness  in  the  melting  point  may  be  due  to  the  presence 
of  both  of  the  two  possible  stereoisomerides.  (Found,  N  =  4*46. 
Calc,  N=4'42  per  cent.) 

Chemical  Department, 
Habtley  Ukiversitt  College. 


CXCII. — The  Resolution  of  Benzoyloscine. 

By  Frank  Tutik. 

The  base  oscine  (scopoline),  CgHjgOgN,  formed  by  the  hydrolysis  of 
the  alkaloid  hyoscine  (scopolamine),  is  generally  acknowledged  to 
be  closely  related  structurally  to  tropine,  CgHj^ON,  although  its 
constitution  is  not  known.  Tropine,  which  contains  two  similar 
asymmetric  carbon  atoms,  has  recently  been  examined  from  a 
stereochemical  point  of  view  by  M.  Barrowcliff  and  the  present 
author  (Trans.,  1909,  95,  1966),  and  found  to  be  an  internally 
compensated  compound.  It  was  therefore  considered  of  interest  to 
investigate  oscine  in  the  same  direction,  particularly  as  the  evidence 
0  obtained  might  be  of  service  in  assigning  a  constitutional  formula 
10  this  compound. 

Oscine  was  prepared  from  ?-hyoscine,  and  examined  polari- 
motrically,  when  it  was  found  to  be  optically  inactive.  As  the 
amount  of  material  prepared  was  not  large,  the  base  was  converted 
into  its  benzoyl  derivative  before  attempting  its  resolution,  thereby 
increasing  the  size  of  the  molecule.  Moreover,  the  salts  of  benzoyl- 
oscine crystallise  more  readily  than  those  of  the  original  base. 

Benzoyloscine  d-camphorsulphonate  (m.  p.   167 — 168°)  was  first 

prepared,  but,  although   this   salt  was   submitted   to  a  prolonged 

fractional    crystallisation,  no    evidence    of    resolution     could     be 

"''tained.    "When,  however,  benzoyloscine  di-hroTnocam'phorsnI'phonate 

as  fractionally  crystallised,  it  was  at  once  seen  that  a  separation 

as  being  effected,  and,  after  three  fractionations,  henzoyl-d-o seine 

'hrnmocam'phorsul'phonate  (m.   p.   246°)   was  obtained  in   a  state 

f   purity.     This  salt  had   [a]^  +51-9°   in   aqueous  solution,   from 

which  it  is  calculated  that  the  basic  ion  has  [a]^  + 10-0°.     The  hcue 

obtained  from  this  salt,  when  examined  in  50  per  cent,  alcohol,  had 
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[a]p  +  3'5°.  In  order  further  to  characterise  this  optically  active 
base,  several  salts  were  prepared  from  it,  each  of  which  was  found 
to  melt  at  a  higher  temperature  than  the  corresponding  salt  of  the 
inactive  base,  as  will  be  seen  from  the  following  table : 

M.  p.  of  M,  p.  of 

Name  of  salt                        salt  of  c?Z-base.  salt  of  cJ-base. 

-      Hydrochloride    266°  283—284° 

Nitrate    195  200° 

Picrate 185  211—212 

Aiiriehloride 183—194  189—190 

d-Oscine  could  not  be  obtained  from  benzoyl-c?-oscine  by  hydrolysis 
with  an  alkali,  since  racemisation  rapidly  occurred  under  these 
conditions.  Recourse  was  therefore  had  to  acid  hydrolysis,  the 
liberated  benzoic  acid  being  removed  by  means  of  steam.  A  solu- 
tion containing  d-oscine  hydrochloride  was  thus  obtained,  by  means 
of  which  an  approximate  determination  of  the  optical  rotatory 
power  of  (^-oscine  was  made,  when  the  value  [ojj,  -f  77"7°  was  found. 

Attempts  to  obtain  henzoylA-oscine  d-hromocamphorsulphonate 
in  a  state  of  purity  were  unsuccessful. 

It  is  evident  from  the  results  given  in  this  paper  that  oscine  is 
capable  of  resolution  into  two  stereoisomerides,  and  no  evidence  of 
the  existence  of  more  than  two  such  compounds  was  obtained.     Any 
structural  formula  which  may  be  assigned  to  this  base  must  there-    | 
fore  contain  either  one  or  two  asymmetric  carbon  atoms,  but,  if  the    p 
latter  be  the  case,  both  the  asymmetric  groupings  must  be  similar. 

Experimental. 

About  five  grams  of  Z-hyoscine  (scopolamine)  were  heated  for 
several  hours  on  a  water-bath  with  a  large  excess  of  alcoholic 
potassium  hydroxide.  Water  was  then  added,  and  the  resulting 
oscine  (scopoline)  extracted  with  chloroform,  after  which  it  was 
purified  by  distillation,  when  it  passed  over  at  240 — 245°.  The 
solid  so  obtained,  which  was  optically  inactive,  was  treated  with  a 
large  excess  of  benzoyl  chloride,  when  an  additive  compound  of 
the  base  and  the  acid  chloride  was  first  formed.  On  heating  the 
mixture,  however,  this  substance  dissolved,  and  then  the  liquid 
darkened  somewhat,  after  which  benzoyloscine  hydrochloride 
separated  in  almost  quantitative  yield,  the  mixture  becoming  solid. 
After  allowing  the  reaction  mixture  to  cool,  it  was  crushed  in  a 
mortar  and  mixed  with  ether,  the  solid  being  collected,  and  washed 
with  this  solvent.  On  recrystallisation  from  alcohol,  the  benzoyl- 
oscine hydrochloride  was  obtained  in  tufts  of  colourless  needles^, 
which  melted  and  evolved  gas  at  266°.  This  melting  point  is  high^HI 
than  that  previously  given  for  the  salt  in  question,  namely, 
249—250°   {litilstcm's   Uandhuch,  Eryunzuiujshand,   III,  p.    610), 
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and  in  order,  therefore,  to  confirm  the  identity  of  the  product,  it 
was  converted  into  the  aurichloride.  This  salt  crystallised  in  small 
tufts  of  yellow  needles  and  melted  at  183 — 184°: 

0-0864  gave  0*0284  Au.     Au=:32-9. 

Ci5Hi703N,HAuCl4  requires  Au  =  33*0  per  cent. 

Benzoyloscine  nitrate,  prepared  from  the  above-described  hydro- 
chloride, was  very  sparingly  soluble  in  water,  from  which  it 
crystallised  in  long,  colourless  needles.  It  melted  and  violently 
evolved  gas  at  195°.  The  corresponding  picrate  crystallised  well  in 
flattened  needles,  and  melted  at  185°  without  decomposing. 

Benzoyloscine  (benzoylscopoline)  has  previously  been  prepared 
by  the  repeated  evaporation  of  oscine  benzoate  with  dilute  hydro- 
chloric acid  (D.R.-P.  79864),  but  the  above-described  method  is  far 
more  expeditious,  and  gives  much  better  yields. 

Benzoyloscine   d-Camphorsulphonate. 

The  benzoyloscine  obtained  from  the  above-described  hydro- 
chloride was  converted  into  its  d-camphorsulphonute.  This  salt  was 
dissolved  in  ethyl  acetate  containing  a  little  alcohol,  when,  after 
some  time,  it  separated  in  the  form  of  a  white  powder.  When 
examined  under  the  microscope,  this  was  seen  to  consist  of  minute, 
diamond-shaped  crystals. 

Benzoyloscine  d-camphorsulp7ionate  melted  at  167 — 168°,  but, 
although  it  was  submitted  to  a  prolonged  fractional  crystallisation, 
no  evidence  of  resolution  could  be  obtained : 

0-1476  gave  03312  COo  and  00918  H.O.     C  =  61-2;  H  =  6-9. 
Ci-Hj703]Sr,CioHi604S  requires  C  =  611;  H  =  6-7  per  cent. 

04226,  made  up  to  20  c.c.  with  water,  gave  a^  -}- 0°26'  in  a 
Jdcm.  tube,  whence  [aj^  -flO-3°;  [M]d  -f-50-6°. 

Resolution  of  Benzoyloscine  d-Bromocamphorsulphonate. 

The  base  was  recovered  from  the  previously-described  ^^camphor- 
"ulphonate,  and  neutralised  with  r/-bromocamphorsulphonic  acid. 
•■  he  salt  so  obtained  crystallised  fairly  readily  from  water,  but 
much  more  easily  from  a  mixture  of  ethyl  acetate  and  alcohol, 
forming   colourless   needles.     After    one    recrystallisation,    it    had 

•mewhat  the  appearance  of  a  mixture,  and  melted  at  234 — 239°, 
previously  softening  at  211°. 

0-4068,  made  up  to  20  c.c.  with  water,  gave  a„  -}  2°2'  in  a 
Mem.  tube,  whence  [oj^,  +500°;  [M]^  -i-2850°. 

Since  </-bromocamphorsulphonic  acid  has  [M]p  -f  271°,  it  appeared 

lat  the   benzoyloscine  <i-bromocanipliorsulphonate    was    resolving. 
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It  was  again  crystallised  as  before,  when  it  seemed  much  less  soluble, 
and  melted  at  238—244°. 

0*3982,  made  up  to  20  c.c.  with  water,  gave  Oj,  +2°4'  in  a 
2-dcm.  tube,  whence  [ajj,  +51-9°;  [Mj^  +295-8°. 

"When  recrystallised  a  third  time,  this  salt  yielded  handsome, 
glistening  needles,  which  melted  sharply  at  246 — 246'5°. 

0'4092,  made  up  to  20  c.c.  with  water,  gave  a^  +2°8'  in  ^ 
2-dcm.  tube,  whence  [a]^  +52-1°;  [MJ^  +297-0°. 

This  salt  was  evidently  that  of  the  dextrorotatory  component  of 
the  racemic  base,  and  since,  as  shown  below,  it  yielded  d-oscine  on 
hydrolysis,  it  must  be  designated  b  enzoyl-d-oscine  d-bromocamphor- 
sulphonate.  Repeated  crystallisation  caused  no  further  change  in 
its  melting  point  or  rotatory  power : 

0-1437  gave  0-2767  COg  and  O'OSOO  HgO.     C  =  52-5;  H  =  6-2. 
Ci5Hi703N,CioHi504BrS  requires  C  =  52-6;  H  =  5-7  per  cent. 

The  molecular  rotation  of  benzoyl-d-oscine,  calculated  from  that 
of  its  c?-bromocamphorsulphonate,  is  [Mjjj  +  26-0°,  whence  the  basic 
ion  has  [oj^  +  10-0°. 

A  small  quantity  of  the  above-described  salt  of  benzoyl-c^-oscine 
was  treated  with  sodium  carbonate,  the  base  extracted  with  chloro- 
form, and  examined  polarimetrically,  when  a  reading  of  +  0°25' 
was  obtained.  It  was  evident,  therefore,  that  the  base  could  be 
obtained  in  the  free  state  without  suffering  complete  racemisation. 
A  larger  quantity  of  the  salt  was  then  decomposed,  and  the  resulting  ' 
base  dissolved  in  20  c.c.  of  50  per  cent,  alcohol,  when  it  had 
Oj)  +0°49'  in  a  2-dcm.  tube.  Ten  c.c.  of  the  solution  were 
subsequently  found,  on  titration,  to  contain  0-1172  of  base,  whence 
[a]i,  +3-5°;  [M]u  +9-75°.  The  fact  that  the  value  thus  obtained 
for  the  rotation  of  benzoyl-(^-oscine  is  lower  than  that  previously 
calculated  for  the  basic  ion  of  benzoyW-oscine  <:?-bromocamphor- 
sulphonate  ([ajo  + 10-0°)  may  be  due,  in  part,  to  racemisation,  but 
it  is  probably  largely  owing  to  the  fact  that  the  free  base  is  incom- 
pletely ionised  when  dissolved  in  50  per  cent,  alcohol  (compare  Carr 
and  Reynolds,  this  vol.,  p.  1328). 

Attempts  were  made  to  isolate  b  emoyl-l-oscine  d-bromocam/phor- 
stdphonate,  but  without  success.  A  fraction  of  salt,  melting  at 
219 — 227°,  was,  however,  obtained,  the  basic  ion  of  which  had 
[M]„  -4-7°. 

Benzoyl-d-oscine  hydrochloride  was  prepared  from  the  correspond- 
ing c?-bromocamphorsulphonate  by  double  decomposition.    It  formed^, 
colourless  needles,  melting  at  283 — 284°.  fljl 

Benzoyl-d-oscine  7iitrafe  was  similarly  prepared.  It  was  very 
sparingly   soluble  in   water,    and   crystallised  in    irregular   prisms, 
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which  decomposed  violently  at  200°,  and  differed  considerably  in 
appearance  from  the  long  needles  of  the  corresponding  salt  of  the 
inactive  base. 

B en zoj/l-d-o seine  picrate  crystallised  very  readily  in  handsome, 
yellow  needles,  which  melted  at  211 — 212°  without  undergoing  any 
decomposition,  a  behaviour  very  remarkable  in  a  picrate  melting 
at  so  high  a  temperature. 

Benzoyl-d-oscine  aurichloride  crystallised  much  more  readily  than 
the  corresponding  salt  of  the  inactive  base.  It  formed  yellow 
needles,  melting  at  189—190°. 

Hydrolysis  of  Benzoyl-d-oscine.     Formation  of  d-Oscine. 

The  quantity  of  base  which  was  employed,  as  above  described, 
for  determining  the  rotatory  power  of  benzoyl-c?-oscine  in  50  per 
cent,  alcohol  was  hydrolysed  by  means  of  hydrochloric  acid,  steam 
being  passed  through  the  mixture  for  the  removal  of  the  benzoic 
acid  formed.  To  ensure  that  this  was  thoroughly  accomplished, 
the  operation  was  continued  for  three  days.  The  liquid  was  main- 
tained at  a  practically  constant  volume,  and  examined  polari- 
metrically  from  time  to  time,  -when  it  was  observed  that  the  optical 
rotation  increased  appreciably  as'  the  hydrolysis  proceeded.  When 
the  change  was  complete,  the  mixture  was  made  alkaline,  and  the 
resulting  rZ-oscine  rapidly  extracted  with  chloroform.  The  chloro- 
forraic  liquids  were  then  concentrated  somewhat,  and  extracted 
with  hydrochloric  acid,  after  which  the  acid  liquid,  which  measured 
23  c.c,  had  o^  + 1°35'  in  a  2-dcm.  tube,  whence  the  specific  rotation 
of  <f-oscine  is  calculated  at  [o]i,  +  77'7°,  This  result  must,  however, 
be  regarded  as  only  approximate. 

The  Wkllcome  Chemical  Research  Laboratokiks, 
London,  E.G. 


CXCIII. — N'ote  on  the  Constitution  of  a-Elaterin. 

By  Chables  Watson  Moore. 

Under  the  title  of  "  elaterin,"  the  British  and  United  States 
Pharmacopoeias  recosTiise  a  crystalline  principle  obtained  from 
riaterium — a  sediment  from  the  juice  of  the  fruit  of  Echallium 
Blaterium,  A.  Richard. 

It  has  been  shown  by  Power  and  Moore  {Tharm.  ./.,  1909,  [iv], 
29,  501)   that  elaterin   consists  of  a  mixture  of  two  crystalline 


1798      MOORE:   NOTE   ON   THE  CONSTITUTION   OF   a-ELATERIN. 

substances  of  apparently  identical  percentage  composition,  but 
having  optical  rotations  of  opposite  sign,  and  whicli  those  authors 
have  designated  as  o-  and  )3-elaterin  (Trans.,  1909,  95,  1985).  Of 
these  two  substances,  only  the  dextrorotatory,  /3-elaterin,  possesses 
physiological  activity,  the  laevorotatory,  a-elaterin,  which  is  the 
principal  constituent  of  the  elaterin  of  commerce,  being  quite 
inert. 

Berg  {Bull.  Soc.  chim.,  1897,  [iii],  17,  85)  has  stated  that  elaterin 
does  not  exist  as  such  in  the  fruit  of  Ech allium  Elaterium,  but  that 
it  is  formed,  after  the  expression  of  the  juice,  by  the  action  of  an 
enzyme  on  an  amorphous  glucoside.  This  view  is  not  in  agreement 
with  the  results  obtained  by  Power  and  Moore  (Trans.,  1909,  95, 
1985),  it  having  been  definitely  established  by  those  authors  that 
no  glucoside  of  elaterin  was  present  in  the  fruit  of  Echallium 
Elaterium.  Recently,  Berg  {Bull.  Soc.  chim.,  1910,  [iv],  7,  385), 
in  support  of  his  earlier  view,  has  described  the  characters  of  the 
so-called  "  glucoside  "  of  elaterin,  and  recorded  an  analysis  of  it. 
This  "  glucoside "  is,  however,  an  amorphous,  indefinite  product, 
evidently  consisting  of  a  mixture  of  substances,  and  any  deductions 
made  from  the  analysis  of  such  material  with  respect  to  its  com- 
position have  little  or  no  value.  The  present  author  therefore, 
with  the  concurrence  of  Dr.  F.  B.  Power,  sees  no  reason  to  depart 
from  the  view  previously  expressed  (loc.  cit.),  that  elaterin  is  not 
present  in  the  form  of  a  glucoside  in  the  fruit  of  Echallvam 
Elaterium,. 

It  has  quite  recently  been  shown  by  Power  and  Moore  (this  vol., 
p.  99)  that  o-elaterin  likewise  occurs  in  the  fruit  of  Cit7'ullus 
Colocynthis,  Schrader,  and  the  material  employed  in  the  present 
investigation  was  obtained  from  this  source. 

During  the  last  few  years  elaterin  has  been  the  subject  of  a 
considerable  number  of  investigations,  and,  while  the  presence  of 
certain  groups  in  the  molecule  has  been  established,  there  is  still 
divergence  of  opinion  among  the  different  investigators  as  to  the 
empirical  formula  of  the  substance. 

The  formula  adopted  for  elaterin  by  the  Pharmacopoeias,  namely, 
C20H28O5,  is  that  put  forward  by  Zwenger  {Annalen,  1842,  43,  460), 
but  more  recently  Berg  {Bull.  Soc.  chim.,  1905,  [iii],  35,  435), 
Hemmelmayr  {Ber.,  1906,  39,  3652),  and  Thorns  (Apoth.  Zeit., 
1906,  21,  803)  have  suggested  different  empirical  formulae,  namely, 
CosHggOy,  C2.tH3^0,.,  and  CooHgoOg  respectively. 

Of  these  formulae,  that  indicated  by  Thorns  (loc,  cit.)  is  not  in 
agreement  with  the  analytical  results  obtained  by  all  other  investi- 
gators, while  these  of  Zwenger,  Berg,  and  Hemmelmayr  require 
almost  identical  percentages  of  carbon  and  hydrogen,  as  follows : 
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C20H2SO5  (Zwenger)       requires  0  =  689;  H  =  80  per  cent. 
OsHagOj  (Berg)  „         C  =  691;H  =  7-8 

C24H34O6  (Hemmelmayr)    „         C  =  68-9;H  =  8-0 
CooHaoPe  (Thorns)  „         C  =  67-7jH  =  7-7         „ 

Owing  to  the  slight  solubility  of  elaterin  in  most  solvents, 
molecular-weight  determinations  of  this  substance  by  means  of  the 
cryoscopic  or  the  ebullioscopic  methods  are  not  trustworthy,  and 
different  results  have  been  obtained  by  various  investigators. 
Thus,  Pollak  {Ber.,  1906,  39,  3380)  obtained  results  in  agreement 
with  Berg's  formula  by  means  of  the  cryoscopic  method,  using 
phenol  as  sclvent,  whilst  by  the  employment  of  the  ebullioscopic 
method,  using  ethylene  bromide  as  solvent,  he  obtained  figures  more 
in  agreement  with  the  formulae  of  Zwenger  and  Thorns.  Power  and 
Moore  {Pharm.  J.,  1909,  [iv],  29,  501),  on  the  other  hand,  have 
obtained  results  in  agreement  with  the  formula  of  Berg  by  means 
of  the  ebullioscopic  method,  using  chloroform  as  solvent. 

It  is  necessary,  therefore,  to  have  recourse  to  chemical  methods 
to  establish  the  molecular  weight  of  this  substance,  but  as  all  the 
hitherto  described  derivatives  and  decomposition  products  of 
elaterin  are  indefinite  and  amorphous,  no  satisfactory  conclusions 
can  be  arrived  at  regarding  their  empirical  formulae. 

It  has  been  shown  by  Berg  {Bull.  Soc.  chim.,  1905,  [iii],  35, 
435)  that  when  elaterin  is  treated  for  a  short  time  with  alcoholic 
sodium  hydroxide,  one  molecule  of  acetic  acid  is  split  off,  an 
amorphous,  phenolic  substance,  "  elateridin,"  being  formed. 
Elaterin  therefore  appears  to  contain  an  acetyl  group,  and  the 
estimation  of  the  acetic  acid  formed  by  its  hydrolysis  affords 
evidence  in  support  of  Berg's  formula. 

Elaterin  appears  also  to  contain  a  lactone  grouping,  as  by  the 
prolonged  action  of  boiling  sodium  hydroxide  solution  it  is  con- 
verted into  "  elateric  acid,"  which,  like  "  elateridin,"  is  an  amor- 
phous product  (Berg,  Bull.  Soc.  chim.,  1905,  [iii],  35,  435;  Compt. 
rend.,  1909,  148,  1679).  Thoms  {loc.  cit.)  assumes  the  presence  of 
•two  lactone  groupings  in  elaterin,  whilst  Hemmelmayr  Qoc.  cit.) 
explains  the  formation  of  "  elateric  acid "  as  being  due  to  the 
oxidation  of  an  aldehyde  group.  The  latter  explanation,  however, 
does  not  appear  to  be  tenable,  for,  although  Hemmelmayr  {loc.  cit.) 
describes  the   preparation   of  a   dihydrazone  of  elaterin    (see   also 

' Tg,  Compt.  rend.,  1906,  143,  1161),  the  present  author  has  been 
unable  to  obtain  any  evidence  as  to  the  presence  of  a  carbonyl 
'   group.     The  "  hydrazone  "  described  by  Hemmelmayr  is  an  amor- 
phous, indefinite  product,  and  there  is  no  evidence  that  it  is  not 
»  phenylhydrazide.      Moreover,    as    such  a    compound    would   be 
j  obtained  by  the  action  of  phenylhydrazine  on  a  lactone  grouping, 
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this  appears  to  be  the  most  likely  explanation  of  the  nature  of  the 
product. 

On  heating  elaterin  with  acetic  anhydride,  a  diacetyl  derivative 
is  formed  (Berg,  Bull.  Soc.  chim.,  1905,  [iii],  35,  435 ;  Hemmelmayr, 
Ber.,  1906,  39,  3653).  Elaterin  must  therefore  contain  two 
hydroxyl  groups. 

If  it  be  assumed  that  the  empirical  formula  put  forward  by 
Hemmelmayr  is  correct,  a-elaterin  might  be  written  as  follows : 

-OH 
-OH 
-O-CO-CHg 

-CO 
-O 

On  the  other  hand,  if  the  empirical  formula  of  Berg  be  adopted, 
there  remains  the  state  of  combination  of  one  oxygen  atom  to 
account  for. 

The  present  author  has  now  been  able  to  show  that  by  the 
oxidation  of  "  elateric  acid "  a  definite,  crystalline  diketone  is 
formed,  which  possesses  the  empirical  formula,  C04H30O5,  and  may 
be  designated  elaterone. 

As  "  elateric  acid  "  is  an  indefinite,  amorphous  product,  views 
as  to  its  constitution,  or  even  its  empirical  formula,  based  on 
analysis  are  of  little  or  no  value.  It  may,  however,  safely  bo 
assumed  that  it  contains  at  least  two  carbon  atoms  less  than 
elaterin,  owing  to  the  removal  of  the  acetyl  group  from  that  sub- 
stance in  the  course  of  its  formation.  As  elaterone  has  now  been 
shown  to  contain  twenty-four  carbon  atoms,  it  follows  that  elaterin 
must  contain  at  least  twenty-six,  and  accordingly,  to  bring  its. 
formula  into  harmony  with  the  analytical  results,  this  must  be 
written  as  C2SH38O7,  in  agreement  with  the  formula  of  Berg. 

In  the  present  state  of  our  knowledge,  therefore,  the  formula  of 
o-elaterin  may  be  written  as  shown  below,  the  manner  of  com- 
bination of  one  of  the  seven  oxygen  atoms  being  unknown  : 

r-OB. 
-OH 
-0-CO-CH,. 


^25^33^ 


-co 
-o 


It  is  probable  that  the  oxygen  atom  above  referred  to  is  present 
in  the  form  of  an  ether  linking,  although,  as  has  been  shown  by, 
Pollak  {Ber.,    1906,   39,  3880),   no  methoxyl  or  ethoxyl  group   i 
present. 

It   has  been   shown   by   Thoms   {loc.   cit.)   that   elaterin  is  very 
probably  a  derivative  of  naphthalene,  since  by  oxidising  elaterin, 
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and  distilling  the  product  with  zinc  dust,  he  obtained  a-methyl- 
naphthalene.  The  present  author,  however,  by  the  distillation  of 
elaterin  itself  with  zinc  dust,  has  obtained  1 :  4-dimethyI- 
naphthalene. 

Experimental. 

The  a-elaterin  employed  in  the  present  investigation  was  obtained 
from  Turkish  colocynth,  consisting  of  the  dried,  peeled  fruit  of 
Citrullus  Colocynthis,  Schrader,  as  described  by  Power  and  Moore 
(this  vol.,  p.  99). 

As  already  stated  by  those  authors  (loc.  cit.),  a-elaterin  forms 
colourless,  hexagonal  prisms,  melting  and  decomposing  at  232°,  and 
has  [o]jj  —  68'9°  in  chloroform  solution  (compare  Berg,  Compt. 
rend.,  1910,  150,  981).  On  analysis,  it  gave  results  agreeing  with 
those  found  by  most  other  investigators  for  elaterin.  (Found, 
C  =  68-9;  H  =  8-l.) 

A  determination  of  the  iodine  value,  by  Hiibl's  method,  gave  the 
following  result: 

05010  absorbed  0-2673  iodine.     Iodine  value  =  53-3. 
C^igHggO;,  containing  one  double  linking,  requires  iodine  value  =  5'2'2. 

a-Elaterin  is  insoluble  in  cold  aqueous  sodium  or  potassium 
hydroxide,  but  if  it  is  suspended  in  a  small  quantity  of  alcohol, 
and  potassium  hydroxide  (1  molecule)  added  to  this  mixture,  the 
Orelaterin  rapidly  dissolves,  and  is  not  precipitated  on  pouring  the 
alcoholic  solution  into  twice  its  volume  of  water.  On  acidification, 
however,  unchanged  o-elaterin  is  precipitated.  Hence  it  appears 
that  o-elaterin  possesses  phenolic  properties,  and  is  capable  of 
forming  a  potassium  derivative  soluble  in  alcohol.  Attempts  to 
isolate  this  potassium  derivative  were,  however,  unsuccessful,  for 
on  keeping  the  alcoholic  solution,  even  in  the  cold,  hydrolysis 
occurred  with  the  formation  of  "  elateridin."  Attempts  to  prepare 
the  corresponding  methyl  derivative  by  means  of  sodium  ethoxide 
and  methyl  iodide  were  also  unsuccessful. 

With  consideration  of  the  statements  of  Berg  and  Hemmelmayr 
mat  elaterin  contains  a  carbonyl  group   (loc.  cit.),  attempts  were 
made  to  prepare  a  hydrazone  and  an  oxime.     An  alcoholic  solution 
of  a-elaterin  was  boiled  for  about  one  hour  with  phenylhydrazine 
n  molecule),  but  only  resinous  products  resulted.     Two  experiments 
re  accordingly   made   at  the   ordinary    temperature.      In     both 
cases  1  gram  of  a-elaterin  was  dissolved  in  100  c.c.  of  alcohol,  and 
j  la  one  experiment  025  gram  of  phenylhydrazine  was  added  to  the 
}  solution,   whilst   in   the  second  experiment,   0*5    gram  of   phenyl- 
hydrazine    was  used.     The  solutions  were   kept   at  the    ordinary 

inperature  for  some  hours,  and  were  then  diluted  with  water, 
j  when  in  both  cases  quantities  of  a  yellow,  resinous  precipitate  were 
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produced.  These  precipitates  were  collected,  and  attempts  were 
made  to  crystallise  them  from  various  solvents.  In  both  cases  small 
quantities  of  unchanged  o-elaterin  were  recovered,  but  there  was 
no  indication  of  the  formation  of  a  definite  hydrazone.  Similar 
results  were  obtained  on  attempting  to  prepare  an  oxime.  On 
boiling  the  alcoholic  solution  of  a-elaterin  with  hydroxylamine, 
there  was  some  decomposition,  but  when  the  experiment  was  con- 
ducted at  the  ordinary  temperature  (kept  twenty-four  hours),  over 
80  per  cent,  of  the  o-elaterin  was  recovered  unchanged. 

A  quantity  (10  grams)  of  a-elaterin  was  distilled,  in  small  quan- 
tities at  a  time,  with  zinc  dust  in  a  current  of  hydrogen,  when  a 
small  amount  of  an  oily  liquid,  possessing  a  strong  naphthalene-like 
odour,  was  formed.  This  was  purified  by  distillation  in  a  current 
of  steam,  but  as  the  quantity  of  volatile  substance  so  obtained  was 
very  small,  it  was  converted  into  its  picrate  for  identification.  This 
crystallised  from  alcohol  in  small,  orange-coloured  needles,  melting 
at  139°,  and  agreed  in  all  respects  with  the  picrate  of  1 :  4-dimethyl- 
naphthalene. 

Alkaline  Hydrolysis  of  a-Elaterin. 

It  has  been  shown  by  Berg  (loc.  cit.)  that  elaterin  is  hydrolysed 
by  alkali  hydroxides  with  formation  of  one  molecule  of  acetic  acid 
and  either  "  elateridin  "  or  "  elateric  acid,"  according  to  the  extent 
of  the  hydrolysis.  A  determination  of  the  acetic  acid  formed  in 
this  reaction  was  made  as  follows: 

Twenty  grams  of  o-elaterin  were  boiled  for  five  hours  with  an 
excess  of  aqueous  sodium  hydroxide.  The  alkaline  solution  was 
then  acidified  with  sulphuric  acid,  and  the  volatile  acids  removed 
by  a  current  of  steam.  The  acid  distillate  was  found  to  consist  of  a 
mixture  of  acetic  and  formic  acids. 

The  total  volatile  acids  neutralised  1'791  grams  NaOH,  and  the 
amount  of  formic  acid  was  found  to  be  equivalent  to  0'151  gram 
NaOH.     Hence  the  acetic  acid  was  2'460  grams  =  12*3  per  cent. : 
C2oH3505'0(CO'CH3)  requires  acetic  acid  =  12'3  per  cent. 

Oxidation  of  "  Elateric  Acid." 

(1)   Formation  of  Elaterone,  C^^^^f^r^. 

The  "  elateric  acid  "  was  prepared  by  the  action  of  potassium 
hydroxide  on  a-elaterin,  according  to  the  method  already  described 
by  Berg  (loc.  cit.).  It  forms  a  light  brown,  amorphous  powder, 
soluble  in  sodium  hydrogen  carbonate,  and  appears  to  contain  a 
carboxyl  group.  Neither  the  acid,  nor  any  of  its  salts,  has  been 
obtained  in  a  crystalline  state.  A  determination  of  its  specific 
rotatory  power  gave  the  following  result: 
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03200,  made  up  to  20  c.c.  with  ethyl  acetate,  gave  Op  +46'  in  a 
2-dcm.  tube,  whence  [a]p  +23-9°. 

Ten  grams  of  "  elateric  acid  "  were  dissolved  in  100  grams  of 
glacial  acetic  acid,  and  10  grams  of  chromic  acid,  dissolved  in  12 
grams  of  water,  added,  after  which  the  solution  was  heated  on  a 
water-bath.  A  vigorous  reaction  occurred,  and  the  liquid  boiled 
spontaneously  for  some  minutes.  The  mixture  was  subsequently 
heated  for  one  hour,  then  poured  into  water,  and,  after  the  addition 
of  sulphuric  acid,  it  was  extracted  with  chloroform.  The  chloro- 
form extracts  were  shaken  with  aqueous  sodium  carbonate,  which, 
however,  only  removed  small  quantities  of  resinous  material.  The 
chloroform  solution  was  accordingly  dried,  and  the  solvent  removed, 
when  a  quantity  of  a  crystalline  substance  was  obtained.  This  was 
recrystallised  from  boiling  alcohol,  when  it  formed  long,  colourless 
needles,  melting  at  about  300°.  The  quantity  so  obtained  amounted 
to  r4  grams: 

01135  gave  03000  COg  and  00805  HoO.     C  =  721;  H  =  7-9. 
After  recrystallising  from  alcohol  it  was  again  analysed : 
0-1390  gave  0-3680  COg  and  0-0974  HoO.     C  =  72-2;  H  =  7-8. 
C24H3(j05  requires  C  =  72-4;  H  =  7-5  per  cent. 

The  molecular  weight  of  the  substance  was  determined  by  the 
cryoscopic  method  in  benzene  solution  : 

0-2616,  in  22-34  c.c.  benzene,  gave  M=  -0-154°.     M.W.  =  380. 
C^iHsoOj  requires  M.W.  =  398. 

As  this  substance  does  not  agree  in  its  properties  with  any 
compound  of  this  formula  which  has  hitherto  been  described,  it  is 
proposed  to  designate  it  elaterone,  with  consideration  of  the  fact 
that  it  is  a  ketone  (see  below). 

Elaterone  is  sparingly  soluble  in  ether  and  alcohol,  but  readily 
80  in  chloroform  and  benzene.  On  heating,  it  sublimes  in  micro- 
scopic needles.  It  contains  no  hydroxyl  group,  being  unaffected 
by  prolonged  boiling  with  acetic  anhydride,  and  is  not  changed  by 
boiling  alcoholic  potassium  hydroxide.  A  determination  of  its 
specific  rotatory  power  gave  the  following  result : 

02185,  made  up  to  20  c.c.  with  chloroform,  gave  a^  -f-2°38'  in  a 
2-dcm.  tube,  whence  [ajp  -f- 1205°. 

Elateronemonophenylhydrazone. — Elaterone  and  phenylhydrazino 
readily  interact  in  acetic  acid  solution,  but  if  the  mixture  be  heated, 
only  resinous  products  result.  When,  however,  the  reaction  is 
carried  out  in  the  cold,  and  only  allowed  to  proceed  for  about  fifteen 
minutes,  a  monopheni/lhydrazone  is  formed.  This  crystallises  from 
dilute  acetic  acid  in  golden-yellow  plates,  melting  and  decomposing 
»t  278° : 

VOL.  XCVII.  6  c 
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0-0988  gave  5-8  c.c.  N  at  24°  and  746  mm.     N  =  6-4. 
C30H36O4N2  requires  N  =  5'7  per  cent. 

Elateronedioxime. — Elaterone  was  boiled  for  some  hours  with  an 
alcoholic  solution  of  hydroxylamine.  On  concentrating  the  mixture, 
a  dioxime  separated  in  small,  colourless  plates,  melting  and  decom- 
posing at  295° : 

0-2086  gave  ITO  c.c.  N  at  18°  and  764  mm.     N  =  6-2. 
C24H32O5N2  requires  N  =  6-5  per  cent. 

It  is  therefore  evident  that  elaterone  contains  two  carbonyl 
groups,  both  of  which  appear  to  be  ketonic,  as  on  boiling  it  with 
chromic  acid  solution,  it  is  much  more  slowly  oxidised  than  would 
be  the  case  with  an  aldehyde. 

A  quantity  (1'5  grams)  of  elaterone  was  boiled  for  one  hour  with 
chromic  acid  (I'S  grams:  6  atoms  of  oxygen)  in  acetic  acid  solution. 
At  the  end  of  this  time,  however,  0'5  gram  of  elaterone  was  recovered 
unchanged.  No  definite  oxidation  products  of  elaterone  have  as 
yet  been   obtained. 

(2)  Formation  of  a  Compound,  C24H32O4. 

If  "  elateric  acid  "  be  subjected  to  a  somewhat  milder  oxidation 
than  that  described  in  connexion  with  the  formation  of  elaterone, 
two  crystalline  products  are  formed,  in  about  equal  amounts. 

A  quantity  (2-5  grams)  of  "  elateric  acid "  was  dissolved  in 
glacial  acetic  acid  (25  grams),  and  to  the  solution  chromic  acid 
(1*6  grams)  dissolved  in  water  (3  grams)  was  added.  The  solution 
was  heated  on  a  water-bath  for  one  hour,  and  then  worked  up  as  in 
the  previously  described  oxidation.  In  this  case,  however,  a  crys- 
talline product  was  obtained,  melting  at  225 — 235°,  which,  after 
fractional  crystallisation  from  alcohol,  was  separated  into  two  sub- 
stances, one  of  which  melted  at  295 — 300°,  and  was  evidently 
elaterone,  while  the  other  formed  glistening  plates,  melting  at  230°. 
The  quantity  of  the  second  substance  was  only  0'2  gram.  Like 
elaterone,  it  was  neutral  towards  alkalis,  and  did  not  react  with 
acetic  anhydride,  but  the  quantity  of  material  available  was  too 
small  for  full  investigation : 

0-1175  gave  03224  CO,  and  0-0895  HgO.     0  =  748;  H  =  8-5. 
024Hg204  requires  0  =  75-0;  H  =  8-3  per  cent. 

It  thus  appears  probable  that  this  substance  is  an  intermediate 
compound  in  the  formation  of  elaterone,  and  that  it  yields  the  latter 
according  to  thd  following  equation : 

C24H32O4  4-  20  =  O^HsoOs  +  HoO. 

With  the  object  of  continuing  this  investigation,  an  attempt  was 
made  to  obtain  a  further  quantity  of  a-elaterin  from  a  good  specimen 
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of  commercial  colocyntli  pulp,  but  only  a  very  small  quantity  of 
the  desired  compound  could  be  isolated.  This  result  is  somewhat 
remarkable,  as  Power  and  Moore  {loc.  cit.)  had  previously  obtained 
over  1  per  cent,  of  a-elaterin  from  Turkish  colocynth  pulp.  It  is 
therefore  evident  that  the  amount  of  o-elaterin  contained  in 
colocynth  pulp  may  vary  very  greatly. 

Thk  Wellcome  Chemical  Re:search  Labokatories, 
London,  E.C. 


„XCIV. — The  Molecular  Complexity  of  Amides  in 
Various  Solvents.  Part  III.  Amides  in  Aqueous 
Solution. 

By  Andrew  Norman  Meldrum   (Carnegie  Research   Fellow)   and 
William  Ernest  Stephen  Turner. 

In  order  to  bring  the  phenomenon  of  electrolytic  dissociation  in 
aqueous  solution  into  connexion  with  fundamental  ideas  of  elec- 
tricity, J.  J.  Thomson  advanced  the  hypothesis  that  water  produces 
dissociation  by  reason  of  its  high  dielectric  constant :  "If  the  forces 
which  hold  the  molecule  together  are  electrical  in  their  origin  .  .  . 
these  forces  will  be  very  much  diminished  when  the  molecule  .  .  . 
13  surrounded  by  a  substance  like  water  possessing  a  very  large 
specific  inductive  capacity"  {Phil.  Mag.,  1893,  [v],  36,  313). 

It  is  this  hypothesis  of  Thomson  which  has  originated  the  study 
of  solvents  in  connexion  with  their  dielectric  constants,  particularly 
of  such  as  have  a  large  constant.  Notably,  hydrocyanic  acid,  which 
has  the  constant  95,  has  been  studied  by  Schlundt  (J.  Physical 
Chem.,  1901,  5,  157),  and  formamide  (constant  >84)  by  Walden 
{Zeitsch.  phijsikal.  Chem.,  1905,  54,  179,  181).  The  dielectric 
constant  of  water  is  80. 

Originally  applied  to  the  electrolytic  dissociation  of  salts,  Thom- 
son 8  hypothesis  was  brought  to  bear  by  Nernst  on  the  phenomenon 
of  association  in  solution  (Zeitsch.  physikal.  Chem.,  1894,  13,  535). 
Association  of  a  solute,  on  the  supposition  that  this  is  caused  by 
forces  electrical  in  their  origin,  should  be  allowed  by  a  solvent  of 
low  dielectric  constant,  and  prevented  by  a  solution  of  which  the 
constant  is  high.  This  corollary  of  Thomson's  proposition  is  denoted 
in  this  paper  by  the  term  the  "  Nernst-Thomson  rule." 

The  authors  have  subjected  the  Nernst-Thomson  rule  to  a  very 
c»r»ful  examination.      They  have  already  found   good   agreement 
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with  the  rule  for  solutions  of  the  amides — known  to  have  a  tendency 
to  association — in  five  organic  solvents,  namely,  ethyl  alcohol, 
acetone,  chloroform,  ether,  and  benzene  (Trans.,  1908,  93,  876; 
this  vol.,  1605).  rt-Butyramide,  for  instance,  is  highly  associated 
in  benzene,  of  which  the  dielectric  constant  is  2*3  at  18°,  and  normal 
in  ethyl  alcohol,  of  which  the  constant  is  25'4  at  18'5°. 

Water,  however,  presented  notable  exceptions  to  the  rule.  Certain 
amides,  in  solution  in  water,  namely,  benzamide,  salicylamide, 
acetanilide,  and  dichloroacetamide,  gave  quite  high  molecular 
weights.  These  results  were  against  all  precedent  and  theory.  No 
one  had  previously  drawn  attention  to  the  fact  that  substances 
may  be  associated  to  as  great  an  extent  in  water  as  in  benzene. 
Further,  the  rule  that  the  authors  set  out  to  test  was  found  to 
hold  good  for  five  organic  solvents,  and  ought  to  have  proved 
specially  sound  in  the  case  of  water.  Yet  in  this  very  case  it  broke 
down.  The  authors,  in  deciding  to  study  the  matter  further,  did 
so  because  the  phenomenon  of  association  in  aqueous  solution  seemed 
to  them  of  considerable  importance  in  various  directions. 

Experimental. 

The  amides  were  the  same  as  those  used  in  part  II  of  this  series. 
The  molecular  weights  were  determined  by  the  ebullioscopic  method, 
using  the  same  apparatus  as  before.  The  amount  of  solvent  was 
ascertained  both  by  weight  and  volume,  and  the  authors  have  con- 
sidered it  advisable  to  give  both  sets  of  data.  The  reason  for  this  is 
that  the  concentration  necessary  to  produce  a  certain  elevation  of 
the  boiling  point  of  water  is  considerable,  three  to  six  times  that  for 
other  solvents,  and  in  consequence  the  divergence  between  weight 
and  volume  results  is  marked. 

The  solvent  constants  for  water  are  (volume)  530,  (weight)  510. 

In  the  following  tables,* 

F" denotes  volume  of  solution  in  e.o. 

JF  denotes  weight  of  solvent  in  grains. 

A  denotes  elevation  of  boiling  point  (corrected). 

N„  denotes  the  number  of  milligram-molecules  of  solute  per  100  grams  of  solvent. 

M.W.,.     ,,        molecular  weight  determined  by  the  volume  method. 

M.W.«;.    „  „  ,,  „  „       weight        „ 

•  The.se  symbols  were  used  in  Part  IL,  but  the  meaning  of  N„  was  incorrectly 
stated  tliere  {loc.  cit.,  p.  1608). 
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F. 


W. 


Solvent — Water. 

A.  N^ 


M.W, 


Propionamide  (31.  W.  73-1),  2-083  grams. 


M.W.^ 


20-6 

17-83 

0-705 

159-8 

75-9 

84-5 

24-6 

21-26 

0-596 

134-0 

75-4 

83-8 

28-8 

25-18 

0-507 

113-2 

75-5 

83-2 

367 

33-50 

0  382 

85-1 

78-7 

83-0 

42-0 

37-98 

0-336 

75-2 

78-1 

83-3 

ATethylacctanilide*  {M.yf.  149),  2-681 

grams. 

22-5 

18-13 

0-162 

99-2 

389 

465 

26-3 

21-33 

0-137 

84-3 

3-069 

395 
grams. 

468 

22  1 

17-70 

0141 

116-3 

2  037 

523 
grams. 

627 

29  0 

25-8 

0093 

53-0 

393 

434 

n- Bitty ramide  (M.W. 

87-1),  1-975  grams. 

31-2 

27-82 

0-346 

81-5 

97-0 

104-6 

37-8 

34  07 

0-289 

66  6 

95-7 

102-3 

43-1 

39-32 

0-261 

57-7 

93  0 

98  1 

49-7 

45-57 

0-227 

49-8 

92-8 

97-4 

isoBu'.yramide  (M.  W. 

87-1),  2-060  grams. 

31-0 

27-62 

0  363 

85-6 

97  0 

104-8 

34-6 

31-14 

0-319 

75-9 

99  0 

105-8 

42-3 

38-24 

0-262 

61-8 

98-5 

104-9 

f.0  1 

45-89 

0--2-23 

51-5 

97-6 

102-7 

rafemmufe  (M.W.  101-1),  1  920  grams. 

24-3 

20-86 

0-345 

91-0 

1-22 

136 

28-8 

25-24 

0--296 

75-2 

119 

131 

351 

31-74 

0-248 

59-8 

117 

124 

42  1 

3814 

0-209 

49-8 

115 

123 

iso Bulylaccta7uuk  (M.AV 

.  115-1),  2-209 

grams. 

321 

26-38 

0-224 

67-6 

163 

177 

37-8 

33-73 

0-202 

56-9 

1-699 

153 
grams. 

165 

25-2 

22-36 

0-218 

66  0 

164 

178 

30-6 

27-17 

0-183 

54-3 

161 

174 

Glycollamide  (M.W. 

75),  1-603  grams. 

26  0 

23-94 

0-447 

89-3 

73  2 

76-4 

80-3 

28-13 

0-395 

76-0 

70-9 

73-6 

36-4 

34-13 

0-300 

62-6 

77-7 

79-8 

45-7 

42-94 

0-236 

49-8 

78-7 

80-7 

This  substance  is  volatile  with  steam,  a  source  of  error  which  we  reduced  to  a 
mmimnm  by  carrying  out  several  experimeuts,  each  giving  one  molecular-weight 
w«oU.  In  addition,  four  molecular- weight  (b-tcrminations  won*  made  in  serifS,  with 
the  object  of  observing  tlic  extent  of  distillution  during  the  course  of  the  work. 
The  amount  of  anilide  originally  taken  was  2  68  grams,  and  the  amount  remaining, 
pwr  the  35  minutes  which  the  series  occupied,  was  found  to  be  1  94  grams. 
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Solvent — Water. 

V,  W.  A.  N^  M.W.„.        M.W. 

Lactamide  (M.W,  89*1),  2-601  grams. 


22-8 

19-39 

0-717 

147-5                84-3 

95-4 

26-4 

22-92 

0-612 

124-7                85-2 

94-6 

30-9 

27-44 

0-517 

105-2                86-3 

94-4 

36-7 

32-94 

0-431 

86-8                87-1 

93-4 

Phcnylacdamide  {}iLW .  135),  2-612  grams. 

25-0 

21-69 

0-297 

89-2                 186 

207 

29-2 

25-40 

0-269 

76-2                  176 

195 

41-1 

37-07 

0-210 

•53-4                  160 
2-101  grams. 

171 

27-8 

22-90 

0-244 

68-0                 164 

192 

31-0 

27-30 

0-222 

57-0                 161 

177 

34-7 

31-72 

0-204 

49-1                  157 

166 

42-9 

39-32 

0-175 

39-6                  148 

156 

Forinanilidc  (M.W. 

121),  2-137  grams. 

26-6 

23-65 

0-238 

74-6                  179 

194 

32  0 

29-00 

0-211 

60-8                  168 
1-548  grams. 

178 

26-7 

24-24 

0-188 

52-7                 163 

173 

30-9 

27-91 

0-171 

45-8                  155 

165 

36-8 

33-91 

0-145 

37-7                  154 

161 

Glycollanilidc  (M.W 

.  151),  2-215  grams. 

30-5 

27-34 

0-210 

53-6                 183 

197 

36-3 

33-24 

0177 

44-1                  183 

192 

4-2 -9 

39-14 

0-159 

37-4                 172 

181 

52-3 

48-26 

0-134 

30-4                 167 

175 

Lactanilide  (M.W. 

165),  2-313  grams. 

23-7 

20-95 

0-230 

66-9                 224 

245 

27-5 

24-05 

0-213 

58-2                 209 

230 

31-2 

27-59 

0-188 

50  8                 209 

227 

35-1 

31-57 

0-171 

44-4                 204 

218 

42-0 

38-02 

0-149 

36-8                 196 

208 

Phcnylcarhamide  {HAY .  136),  1-174  grams. 

23-2 

21-84 

0-172 

39-5                 156 

159 

27-5 

25-19 

0-153 

34-3                 148 

155 

30-5 

28-34 

0141 

30-4                  145 

150 

44-6 

41-59 

0-102 

•20-7                 137 

141 

Experiment  at  the  Freezing  Point. 
Urdhane  m.W.  89-1). 


IF. 

w  (grams). 

A. 

M.W. 

19-09 

0-398 

0-436 

88-4 

19-09 

0-815 

0-874 

90-3 

19  09 

1-019 

1-084 

91-0 
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Examination  of  Results. 

The  results  of  the  present  investigation  suggest  that  in  water, 
despite  its  high  dielectric  constant,  association  is  quite  a  frequent 
occurrence.  To  the  four  amides  already  found  to  be  associated  in 
water,  the  authors  are  able  to  add  eleven  out  of  the  fourteen 
amides  recently  tested.  (In  what  follows,  the  results  of  the 
previous  investigation  are  shown  by  an  asterisk.)  Acetamide,* 
monochloroacetamide,*  carbamide,*  malonamide,*  glycollamide, 
lactamide,  and  urethane  are  tinassociated.  Trichlorolactamide  *  is 
doubtful.  Propionamide,  7j-butyramide,  zsobutyramide,  valeramide, 
isobutylacetamide,  glycollanilide,  lactanilide,  formanilide,  acet- 
anilide,*  methylacetanilide,  phenylacetamide,  phenylcarbamide, 
benzamide,*  salicylamide,*  and  dichloroacetamide  *  are  associated. 

This  association  presents  a  remarkable  feature,  which  is  best 
shown  by  putting  the  extent  of  association  in  water  and  in  benzene 
side  by  side.  As  a  means  of  comparison,  the  molecular  weights  and 
association  factors  are  calculated  at  a  concentration  of  50  milligram- 
molecules  per  100  CO.  of  solvent,  obtained  from  the  weight  data 
which,  for  solutions  in  benzene,  were  not  given  in  full  in  the  tables : 

In  water.  In  benzene. 

, ' ,  , • , 

M.W.  A.  F.  M.W.  A.  F. 

Propionamide 83-0  1-14  148  2-03 

7i-Biityramide 97-6  1-12  172  1-98 

MoButyramide    102-8  118  169  1'94 

Valeramide 123*0  1-22  184  182 

iioButvlacetamide 1730  150  206  179 

Urethane —  —  142  1-6 

Glycollamide 80*5  1-07  —  — 

Lactamide  92  0  1-03  —  — 

Glycollanilide I960  I'SO  340  2-25 

Lactinilide 227*0  1'38  320  1*94 

Formanilide    1700  1*42  180  1'49 

Acctanilido ^        1940  1*44  —  — 

Methylacetanilide 4500  3  00  155  1-04 

Phenylacetamide    170  0  1-26  —  — 

Phenylcarbamide  170*0  1*25  —  — 

A  striking  regularity  is  displayed  in  these  data,  namely,  that  the 
greater  the  tendency  of  a  substance  to  molecular  association  in 
benzene,  the  less  is  its  tendency  in  aqueous  solution.  As  the  iSgures 
in  our  first  paper  show,  salicylamide  is  less  associated  in  benzene 
than  benzamide  is,  and  in  water  the  positions  are  reversed.  Again, 
with  the  exception  only  of  a  slight  deviation  in  the  case  of 
propionamide  and  n-butyramide  in  water,  due  possibly  to  slight 
experimental  error,  the  tendency  to  molecular  association  in  water 
nses  from  propionamide  to  wobutylacetamide,  and  falls  in  this  order 
in  benzene.  Methylacetanilide,  which  has  the  normal  molecular 
weight  in  benzene,  shows  apparent  association  of  a  very  high  order 
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in  water.  Lactamide  is  not  associated  in  water,  and  according  to 
our  rule  should  be  strongly  associated  in  benzene.  Unfortunately, 
it  is  not  soluble  enough,  in  benzene  for  the  purpose,  but  there  is 
good  reason  to  think  it  is  associated.  One  of  us,  in  conjvinction 
with  Mr.  E.  W.  Merry,  has  ascertained  that  it  is  strongly  associated 
in  the  fused  state.  Phenylacetamide  is  moderately  associated  in 
water,  in  chloroform,  and  in  the  fused  state.  Urethane,  which  is 
associated  in  benzene,  seemed  to  be  associated  in  water  also.  It 
was  suspected  that  the  substance  decomposes  in  water  at  100°,  and 
therefore  the  ebullioscopic  was  discarded  in  favour  of  the  cryoscopic 
method.     There  was  then  no  sign  of  association. 

The  Importance  of  the  Phenomenon  of  Association  in  Water. 

The  authors  hold  that  the  unexpected  association  in  aqueous 
solution,  which  they  have  demonstrated  in  the  case  of  the  amides, 
is  not  limited  to  these  substances,  but  is  of  frequent  occurrence. 
They  have  studied  the  amides,  in  the  first  place,  as  being,  usually, 
soluble  enough  at  100°,  and  at  the  same  time  non-volatile.  But 
certain  other  observations  of  association  have  been  made.  Jones 
and  Getman,  by  the  cryoscopic  method,  showed  that  acetic,  oxalic, 
and  succinic  acids  tend  to  form  associated  molecules  in  water  {Amer. 
Chem.  J.,  1904,  32,  329). 

The  authors  believe  that  this  possibility  of  association  in  aqueous 
solutions  has  been  left  out  of  account  in  recent  investigations  to  an 
injurious  extent.  Viscosity  determinations  as  a  means  of  detecting 
the  formation  of  compounds  between  solute  and  solvent  are  in 
favour  just  now.  From  the  determination  of  the  viscosities  of 
solutions  in  water  of  several  organic  acids,  Tsakalotos  (Gompt.  rend., 
1908,  146,  1146)  was  led  to  think  that  formic  acid  produces  no 
hydrate,  whilst  acetic,  propionic,  and  w-butyric  acids  yield  hydrates 
of  the  type  R*002H,H20.  Previously,  however,  Jones  and  Getman 
had  concluded  that  there  is  no  appreciable  tendency  on  the  part  of 
acetic,  oxalic,  succinic,  tartaric,  and  citric  acids  to  form  hydrates 
(loc.  cit.,  p.  338).  Acetic  acid  certainly,  and  propionic  and 
butyric  probably,  associate  in  water.  Hence  the  authors  would 
urge  the  necessity  of  considering  that  the  molecules  of  the  solute 
may  associate  with  one  another,  as  well  as  combine  with  water.  A 
method  of  interpreting  viscosity  data  which  shall  distinguish 
between  these  two  possibilities  is  urgently  needed. 

In  connexion  with  the  "  hydrate  theory,"  the  authors  have  made 
certain  experiments  of  a  similar  character  to  those  of  Caldwell 
(/'roc.  Roy.  Soc,  1906,  A,  78,  272)  and  of  H.  E.  Armstrong  (ihi,/., 
1907,  A,  79,  576).  These  experiments  consisted  in  observing  the 
effect  of  several  salts  on  the  rate  of  inversion  of  sucrose  by  acids, 
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and  on  the  rate  of  hydrolysis  of  methyl  acetate  by  hydrochloric 
acid.  In  place  of  a  salt,  that  is,  a  dissociated  substance,  the  authors 
have  used  methylacetanilide^  -which,  as  they  had  found,  is  strongly 
associated  in  water. 

Experiments  on  the  Inversion  of  Sucrose. 

The  effect  of  sodium  chloride  and  of  methylacetanilide  on  the 
inversion  of  sucrose  was  measured.  Weight-normal  solutions  were 
used  throughout.  The  temperature  of  experiment  in  each  case 
was  40°. 

Experiment  1. — One  hundred  c.c.  of  iV'/4-hydrochloric  acid  were 
mixed  with  100  c.c.  of  20  per  cent,  sucrose  solution.  Mean  value 
of  seven  measurements  of  velocity  constant,  Z'  =  7"42  x  10"^. 
Extremes,  T'lo  and  7*70  x  lO-^. 

Experiment  2. — Solutions  as  before,  with  addition  of  5  grams 
(0"08o  mol.)  of  sodium  chloride.  Mean  (5  measurements), 
Jr  =  8-65  X  10-3.     Extremes,  860  and  871  x  10-3. 

Experiment  3. — Solutions  as  before,  with  addition  of  5  grams 
(0'033  mol.)  of  methyl  acetanilide.  Mean  (8  measurements), 
Z  =  8-65  X  10-3.     Extremes,  849  and  878  x  10-3. 

Equal  amounts  by  weight  of  sodium  chloride  and  methylacet- 
anilide had  apparently  the  same  effect  in  accelerating  the  inversion 
of  sucrose. 

Experiments  on  the  Hydrolysis  of  Ethyl  Acetate, 

Weight-normal  solutions  were  again  used.  The  temperature  was 
25°,  which  allowed  only  of  a  low  concentration  of  methylacetanilide. 

Experiment  1. — Two  c.c.  of  ethyl  acetate  were  mixed  with 
100  c.c.  of  iV^/2-hydrochloric  acid.  Mean  of  five  measurements, 
i:  =  2-63  X  10-3.     Extremes,  2*52  and  2*71  x  10-3. 

Experiment  2. — Solution  as  before,  with  addition  of  4  grams 
(0068  mol.)  of  sodium  chloride.  Mean  (6  measurements), 
K  X  3-24  X  10-3.     Extremes,  3-14  and  331  x  lO-'. 

Experiment  3. — Solution  as  before,  with  addition  of  2  grams 
(0026  mol.)  of  methylacetanilide.  Mean  (6  measurements), 
A'  =  305xl0-3.     Extremes,   301    and  308x10-3. 

The  results  show  that  the  presence  of  methylacetanilide  has  an 
effect  on  these  two  chemical  changes  of  the  same  kind  as  t^at  due  to 
sodium  chloride.  In  the  case  of  both  hydrolysis  and  inversion  the 
change  is  accelerated.  Of  the  two  substances,  methylacetanilide  has 
the  greater  effect,  molecule  for  molecule.  Supposing  the  withdrawal 
of  water  of  hydration,  by  the  added  substance,  to  be  the  explanation 
of  the  accelerated  inversion,  or  hydrolysis,  as  the  case  may  be,  it 
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is  obviou3  that  methylacetanilide  must  be  much  more  h'ydrated  in 
solution  than  sodium  chloride;  for  the  same  effect  on  the  inversion 
of  sucrose  is  produced  by  equal  weights  of  the  two  substances,  that 
is,  by  1  molecule  of  methylacetanilide  for  2*5  molecules  of  sodium 
chloride.  If  we  assume  that  at  the  particular  concentration 
employed,  namely,  2^  per  cent,,  the  molecular  hydration  of  sodium 
chloride  is  14  (see,  for  example,  Philip,  Trans.,  1907,  91,  711),  that 
of  methylacetanilide  must  be  about  35.  Interpretation  in  this 
manner  of  the  influence  of  methylacetanilide  seems  quite  impossible. 
One  cannot  admit  the  possibility  of  combination  between  water  and 
methylacetanilide  to  such  an  extent  in  the  total  absence  of  other 
evidence  in  this  direction.  There  is,  indeed,  evidence  to  the 
contrary.  Supposing  methylacetanilide  to  combine  with  35  mole- 
cules of  water,  we  should  expect  it  to  giv^  an  abnormally  high 
elevation  of  boiling  point;  for  water  is  withdrawn  from  the  role 
of  solvent,  and  the  solution  is  thereby  concentrated.  The  reverse  is 
the  case :  we  find  instead  an  abnormally  low  elevation.  The 
hydrate  theory,  here  at  any  rate,  is  entirely  inapplicable. 

At  the  present  time,  much  work  is  being  done  on  the  problem 
of  solution  by  the  employment  of  what  is  regarded  as  an  "  in- 
different "  substance ;  that  is,  the  substance  and  the  solvent  are 
supposed  to  be  indifferent  to  one  another.  The  method  is  to  observe 
either  the  effect  on  the  solubility  of  the  indifferent  substance, 
produced  by  the  presence  of  another  substance,  or  vice  versa,  the 
effect  on  the  solubility  of  the  other  substance  due  to  the  presence 
of  the  indifferent  substance  (compare  Usher,  Trans,,  1910,  97,  66 ; 
Fox  and  Gauge,  loc.  cit.,  377;  and  Findlay  and  Creighton,  loc.  cit., 
559),  It  may  be  pointed  out  here  that  of  the  substances  employed 
in  these  researches,  quite  a  number,  either  in  the  liquid  state  or 
in  suitable  solvents,  are  known  to  be  associated. 

That  substances  which,  for  the  purposes  of  investigation,  were 
regarded  as  "  indifferent,"  should  have  a  tendency  to  association, 
is  a  state  of  things  which  was  probably  not  intended.  Hence  it  is 
possible  that  Usher's  test  of  Jahn's  hypothesis,  namely,  that  the 
solubility  of  a  gas  in  a  dilute  solution  of  a  non-volatile,  indifferent 
'substance  is  the  same,  under  the  same  conditions  of  temperature  and 
pressure,  as  in  the  pure  solvent,  may  not  be  valid  (Usher,  loc.  cit., 
76),  In  the  opinion  of  the  authors,  associated  substances  cannot 
be  regarded  as  indifferent,  and  this  opinion  receives  strong  support 
from  the  experiments  just  detailed,  in  which  methylacetanilide  was 
employed.  In  these  experiments,  methylacetanilide,  which  is  known 
to  be  associated,  and  sodium  chloride,  which  is  not  supposed  to  be 
"  indifferent,"  were  found  to  produce  effects  of  the  same  kind. 
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One  line  along  which  the  working  out  of  the  problem  suggests 
itself,  by  reason  of  the  fact  that  the  more  nearly  normal  in  organic 
solvents  is  the  amide,  the  more  strongly  it  appears  to  be  associated 
in  water,  is  that  the  molecular  structure  of  water  must  be  taken 
into  account,  in  such  a  way  as  to  admit  that  sometimes  the  structure 
may  become  more  complex  and  sometimes  simpler. 

Here  the  authors  would  draw  attention  to  the  work  of  P.  "W. 
Robertson,  on  solution  in  phenol  (Trans.,  1903,  83,  1904;  1904,  85, 
1425,  1617;  1905,  87,  1574;  1906,  89,  567),  as  having  led  him 
to  results  and  conclusions  in  some  respects  similar  to  their  own. 
He  found  that  in  phenol,  itself  an  associated  substance,  the  hydro- 
carbons and  their  halogen  derivatives  have  high  molecular  weights. 
This  abnormality  the  author  believed  ''  to  be  connected  with  the 
association  of  the  phenol  molecules,  as  the  substituted  phenols, 
which  are  less  associated,  tend  [when  used  as  solvents]  to  give 
normal  results  "  (Trans.,  1906,  89,  570). 

Within  the  last  three  years,  H.  E.  Armstrong  (Proc.  Roy.  Soc, 
1908,  81,  A,  80;  1909,  81,  B,  94)  has  formulated  a  theory  of 
aqueous  solution  which  involves  the  assumption  that  molecules  of 
different  degrees  of  complexity  are  present  in  liquid  water,  the 
various  processes  of  solution  involving  the  operation  of  these 
differently  sized  molecules. 

The  authors  find  themselves  in  agreement  with  the  theory  in  so 
far  as  it  appears  to  them  necessary  to  take  account  of  probable 
changes  in  the  molecular  complexity  of  water  when  solution  occurs, 
differing  with  the  nature  of  the  solute.  Moreover,  since  a  substance 
which  possesses  a  high  molecular  complexity  has  usually  a  high 
dielectric  constant,  these  changes  may  well  be  accompanied  by 
alterations  in  the  dielectric  constant  of  water,  which  cannot  but 
react  on  the  condition  of  the  solute. 

The  authors  desire  to  thank  Mr.  E.  W.  Merry,  M.Sc,  of  the 
University  of  Sheffield,  for  carrying  out  the  experiments  on  the 
inversion  of  sucrose  and  the  hydrolysis  of  ethyl  acetate. 
•  The  materials  employed  in  this  investigation  were  obtained  by 
means  of  grants  from  the  Government  Grant  Committee  of  the 
Royal  Society  and  the  Executive  Committee  of  the  Carnegie  Trust 
for  the  Universities  of  Scotland. 
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CXCV. — The  Tautomerism  of  Glyoxalines  and  the 
Constitution  of  Pilocarpine. 

By  Frank  Lee  Pyman. 

Since  the  suggestion  of  Pinner  and  Schwarz  {Ber.,  1902,  35,  2441), 
followed  by  the  experimental  proof  adduced  by  Jowett  (Trans., 
1903,  83,  438),  that  the  glyoxaline  radicle  is  contained  in  the 
alkaloid  pilocarpine,  and  later  the  discovery  by  Pauly  (Zeitsch. 
jphysiol.  Chem.,  1904,  42,  508)  of  this  radicle  in  histidine,  synthetic 
experiments  with  glyoxalines  have  attracted  the  attention  of  a 
number  of  chemists.  Quite  recently  an  added  stimulus  has  been 
given  to  the  work  through  the  discovery  by  Barger  and  Dale  (Proc, 
1910,  26,  ]28)  that  )8-iminazolylethylamine,  a  compound  which  was 
recently  synthesised  by  Windaus  and  Vogt  {Ber.,  1907,  40,  3691), 
is  one  of  the  active  principles  of  ergot. 

Some  years  ago  Dr.  Jowett  (Jowett  and  Potter,  Trans.,  1903, 
83,  464;  Jowett,  Trans.,  1905,  87,  405),  with  a  view  to  syntheses  in 
this  field,  commenced  a  series  of  investigations,  which  will  be 
referred  to  in  detail  later,  and  more  recently,  being  unable  to  resume 
the  work  personally,  requested  the  present  author  to  continue  it. 
The  most  important  result  of  the  present  investigation  is  the  proof 
that  glyoxalines,  containing  a  free  imino-hydrogen  atom,  are 
tautomeric,  a  fact  which  previous  research  on  the  subject  had 
already  made  probable.  Thus,  Janecke  {Ber.,  1899,  32,  1098)  pre- 
pared, by  the  oxidation  of  the  mercaptan  formed  by  the  action  of 
2:)otassium  thiocyanate  on  a-aminodiethyl  ketone  (I),  the  same 
mcthylethylglyoxaline  (II  or  III)  which  Gabriel  and  Posner  {Ber., 
1894,  27,  1037)  had  previously  obtained  in  a  similar  manner  from 
a-aminopropyl  methyl  ketone  (IV) : 

CHMe-NHg  CMe'NH.    ^„ 

I  2       ^      1 1  >>CH,  or 

COEt  ^     CEt — N^      ' 

(I.)  (II.) 

CMe— N.   ^^^  COMe 

CEt-NH^  CHEfNHg 

(III.)  (IV.) 

This  rhethod  of  synthesis  does  not  enable  any  conclusion  to  be 
drawn  as  to  which  of  the  two  isomerides,  5-methyl-4-ethylglyoxaline 
(II)  and  4-methyl-5-ethylglyoxaline  (III),  is  to  be  expected  in  each 
case,  but  it  was  inferred  that  a  different  one  of  the  two  would  be 
expected  in  the  two  cases;  the  fact  that  the  same  mcthylethyl- 
glyoxaline was  actually  obtained  in  each  case  consequently  showed 
either  that  this  compound  is  tautomeric,  or  that  one  of  the  two 
forms  (II)  and  (III)  is  the  more  stable.     Janecke  thought  the  former 
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view  the  more  probable,  and  suggested  that  the  imino-hydrogen 
atom  vibrated  between  the  nitrogen  atoms  in  the  same  way  as  it 
does,  according  to  Knorr  {An7iahn,  1894,  279,  188),  in  the  case 
of  the  pyrazoles : 

CMe-Kv 

II       H>CH 


CH— N.    H 

I  \ 


N. 


CH-CH- 


Several  years  later,  Otto  Fischer  (/.  'pr.  Chem.,  1906,  [ii],  73, 
419;  1907,  "[ii],  75,  88)  prepared  the  1 :  2 :  5-  and  1 :  2 :  G-trimethyl- 
benziminazoles  by  the   action  of  methyl   iodide  on   2 :  5-dimethyl- 
benziminazole : 
NH 


CH 


G-CH 


NMe 


NMe 


CH 


C-CH, 


and 


and  thus  showed  that  this  compound  is  tautomeric. 

In  consequence  of  this  result,  and  in  order  to  demonstrate  that 
the  simple  glyoxalines  are  also  probably  tautomeric,  Gabriel  {Ber., 
1908,  41,  1926),  who  appears  to  have  overlooked  Janecke's  paper, 
brought  forward  another  example  of  the  formation  from  two 
different  amino-ketones  of  a  single  4 :  5-disubstituted  glyoxaline, 
namely,  phenylmethylglyoxaline.  On  the  other  hand,  neither 
Jowett  and  Potter  {loc.  cit.)  in  the  methylation  of  4 (or  5)-methyl- 
glyoxaline,  nor  Pinner  {Ber.,  1905,  38,  1535)  in  the  ethylation  of 
4(or  5)-phenylglyoxaline,  isolated  two  isomeric  .V-alkyl  derivatives, 
and  further,  in  more  recent  publications,  both  Pauly  and  Gunder- 
mann  {Ber.,  1908,  41,  4005)  and  Windaus  {Ber.,  1909,  42,  762) 
describe  experiments  with  "a-iV-dimethyliminazol' — presumably  the 
methylation  product  of  a-methylglyoxaline,  that  is,  4 (or  5)-methyl- 
glyoxaline.  The  tautomerism  of  glyoxalines  has  therefore  not 
hitherto  been  generally  recognised. 

A  definite  proof  of  the  tautomerism  of  simple  glyoxalines  is  now 
brought  forward,  for  it  has  been  found  that  4(or  5)-raethyl- 
glyoxaline  yields,  on  methylation,  a  mixture  of  two  isomeric 
iV-methyl  derivatives,  1 :  4-  and  1 :  5-dimethf/lglyoxaline  (V  and  VI) 
respectively : 


CH-NMe^ 

(V.) 


CMe-NMe 
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and  therefore  reacts  according  to  both  the  formulae  (VII  and  Vila) : 

CH-NH.   ^,,            ,       CMe-NH.   ,._ 
II            >>CH       and       n  >*CH. 

CMe-N*^  CH N^ 

(VII.)  (Vila.) 

It  may  therefore  be  considered  to  react  as  a  compound  in  which 
the  hydrogen  atom  of  the  imino-group  alternates  in  position  between 
the  two  nitrogen  atoms  as  suggested  by  Janecke  (loc.  cit.)  in  the 
case  of  methylethylglyoxaline. 

The  formation  of  two  isomeric  iV-methyl  derivatives  by  the 
methylation  of  a  glyoxaline  has  been  confirmed  by  the  methylation 
of  the  bromo-derivatives  of  4 (or  5)-methylglyoxaline. 

The  action  on  4(or  5)-methylglyoxaline  of  bromine  in  a  quantity 
sufficient  to  form  a  monobromo-substitution  product  has  been  tried 
at  different  temperatures,  and  it  has  been  found  that,  even  at  — 10°, 
the  mo«^o6romo-derivative  is  accompanied  by  a  considerable  pro- 
portion of  the  c?«6ro77io-derivative,  a  corresponding  quantity  of 
4(or  5)-methylglyoxaline  being  consequently  unattacked.  Only  one 
monobromo-derivative  has  been  isolated,  and  there  is  at  present  no 
evidence  to  show  whether  the  substituent  bromine  atom  occupies 
the  2-  or  the  4(or  5)-position.  This  compound  is  tautomeric,  and 
reacts  either  as  2-bromo-4-methylglyoxaline  (VIII)  and  2-bromo- 
5-methylglyoxaline  (Villa)  or  as  5-bromo-4-methylglyoxaline  (IX) 
and  4-bromo-5-methylglyoxaline  (IXa)  : 

CMe-N>^^"  CMe-N>^^  c!Me-N>^^" 

(VIII.)  (IX.)  (X.) 

CMe-NH^^„  CMe-NH.    ^^^  CMe-NH^^,^ 

(Villa.)  (IXa.)  (Xa.) 

The  dibromo-derivative  is  also  tautomeric,  and  reacts  as  2 :  5-di- 
bromo-4-methylglyoxaline  (X)  and  2 :  4-dibromo-5-methylglyoxaline 
(Xa). 

Bromo-4(or  5)-methylglyoxaline  yields,  on  methylation,  a  mixture 
of  two  isomeric  bromodimethi/lglyoxalines,  which  melt  at  40 — 45° 
and  77 — 78°  respectively. 

Dibromo-4(or  5)-methylglyoxaline  similarly  yields,  on  methylation, 
a  mixture  of  two  isomeric  dihromodimethylglyoxalines,  melting  at 
44—45°  and  128 — 129°.  The  two  dimethylglyoxalines  obtained  by 
the  methylation  of  4(or  5)-methylglyoxaline  distil  at  198 — 199° 
and  224 — 225°,  and  in  order  to  determine  which  of  the  isomeric 
bromo-  and  dihromodimethylglyoxalines  was  derived  from  each 
dimethylglyoxaline,  the  latter  bases  were  also  brominated.  Although 
the  bromination  of  the  two  isomerides  was  carried  out  under  pre- 
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cisely  similar  conditions,  the  results  showed  an  interesting  difference, 
the  dimethylglyoxaline  boiling  at  198—199°  yielding  chiefly  the 
corresponding  monobromo-derivative  which  melts  at  40 — 45°,  and 
very  little  of  the  dibromodimethylglyoxaline  which  melts  at  44 — 45° ; 
whilst  the  dimethylglyoxaline  boiling  at  224 — 225°  gave  very  little 
of  the  corresponding  monobromodimethylglyoxaline  melting  at 
77 — 78°,  but  chiefly  the  dibromodimethylglyoxaline  melting  at 
128—129°. 

The  mutual  relations  between  the  isomeric  dimethylglyoxalines 
and  the  various  bromo-derivatives  are  shown  by  the  following 
scheme : 

4(or5)-Methy]glyoxalinc, — >*1 : 4 -Dimethylglyoxaline,  and  1 :5-DimethylglyoxaliDe, 
C.HgNa.  CsHgNs-  CsHsX* 

M.  p.  55°  ;  b.  p.  263'.  B.  p.  198—199".  B.  p.  224—225". 

y  Y  ^ 

Bromo-4(or  5)-njethyl-     2(or  5)-Bromo-l :  4-dimethyl-     2(or  4)-Bromo-l :  5-dimethyl- 
glyoxaline,         — >-  glvoxaline,  and  glyoxaline, 

C4H5NjBr.  CgH^XjBr.  CjHrNjBr. 

M.  p.  154—155°.  M.  p.  40—45°.  M.  p.  77—78°. 

i  I  Y 

Dibromo-4(or  5)-methyl-     2 : 5-Dibromo-l :  4-dimethyl-     2 : 4-Dibromo-l : 5-dimethyl- 
glyoxaline,  — >-  glyoxaliEe,  and  glvoxaline, 

C^H^XoBrj.  CsHgNoBra.  CsHgX.Bra. 

M.  p.  215—216°  M.  p.  44—45°.  M.  p.  128—129°. 

*  The  numbers  are  inserted  in  anticipation  of  the  conclusions  drawn  later. 

The  question  as  to  which  series  has  the  1 :  4  and  which  the  1 :  5 
arrangement  of  methyl  groups  is  difficult  to  determine,  and  no 
direct  evidence  bearing  on  this  point  is  brought  forward  at  present. 
Fortunately,  however,  this  matter  can  be  settled  with  a  high  degree 
of  probability  by  consideration  of  the  relative  affinities  of  the  two 
dibromodimethylglyoxalines.  These  compounds  are  weak  bases,  and 
it  has  been  found  that  the  isomeride  melting  at  128 — 129°  is  very 
much  more  readily  extracted  by  means  of  chloroform  from  its 
solution  in  10  per  cent,  hydrochloric  acid  than  the  isomeride  melting 
at  44 — 45° ;  the  latter  is  therefore  the  stronger  base. 

Now,  of  the  two  nitrogen  atoms  in  the  glyoxaline  molecule,  the 
iminic  nitrogen  atom  occupies  a  similar  position  to  the  nitrogen 
atom  of  pyrrole,  and  is  almost  devoid  of  basic  properties.  Glyoxalines 
behave  as  mono-acid  bases,  and  the  fact  that  their  basicity  is  due 
to  the  nitrogen  atom  'NI  has  been  clearly  shown  by  Pinner  and 
Schwarz  {loc.  cit.)  by  the  formation  of  a  mixture  of  mono- 
alkylamines  by  the  degradation  of  alkyl  salts  of  iV^-substituted 
glyoxalines. 

Consideration   of  the  formulae   of   the   two   isomeric   dibromodi- 
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methylglyoxalines  (XI  and  XII)  shows  that  the  basic  3-nitrogen 
atom  : 

CBr-NMe.   ^„  CMe-NMe,^  ^^ 

{jMe-N>^^'^  tJBr— N>^^^' 

(XI.)  (XII.) 

is  in  both  cases  in  close  proximity  to  the  strongly  negative  sub- 
stitiient  bromine  atom  in  the  2-position;  the  position  of  the  other 
bromine  atom  relative  to  the  3-nitrogen  atom  is  different  in  the 
two  cases,  and  it  seems  reasonable  to  suppose  that  2 :  5-dibromo- 
1 : 4-dimethylglyoxaline  (XI),  in  which  the  second  bromine  atom  is 
at  a  distance  from  the  3-nitrogen  atom,  will  be  a  stronger  base  than 
2 :  4-dibromo-l :  5-dimethylglyoxalihe  (XII),  in  which  these  groups 
are  close  together.  On  the  assumption  that  this  view  is  correct, 
the  compound  melting  at  44 — 45°  is  2 :  5-dibromo-l :  4-dimethyl- 
glyoxaline, and  consequently  the  dimethylglyoxaline  boiling  at 
198 — 199°  is  1 :  4-dimethylglyoxaline,  the  compound  melting  at 
128 — 129°  is  2  :  4-dibromo-l :  5-dimethylglyoxaline,  and  the  di- 
methylglyoxaline boiling  at  224 — 225°  is  1 :  5-dimethylglyoxaline. 

The  bearing  of  these  results  on  the  constitution  of  isopilocarpine 
has  now  to  be  discussed. 

By  the  distillation  of  this  alkaloid  with  soda-lime,  Jowett  (Trans., 
1903,  83,  438)  obtained  a  number  of  glyoxaline  derivatives,  of 
which  one  was  shown  to  be  a  dimethylglyoxaline.  Por  the  purpose 
of  comparison,  Jowett  and  Potter  (Trans.,  1903,  83,  464)  prepared 
by  the  methylation  of  4(or  5)-methylglyoxaline  an  iY-methyl 
derivative,  which  they  regarded  as  a  simple  substance,  either  1 :  4- 
or  1 :  5-dimethylglyoxaline.  The  aurichloride  and  platinichloride 
of  this  base,  after  suitable  crystallisation,  were  shown  to  be  identical 
with  the  aurichloride  and  platinichloride  respectively  of  the  di- 
methylglyoxaline obtained  from  wopilocarpine ;  the  picrate  of  the 
synthetic  base,  however,  although  having  the  same  melting  point — 
167° — as  the  picrate  of  the  dimethylglyoxaline  from  /sopilocarpino, 
was  not  identical  with  the  latter,  since  the  mixture  melted  at 
140 — 145°.  These  facts  led  Jowett  to  the  conclusion  that  the 
dimethylglyoxalines  derived  from  isopilocarpine,  and  obtained  by 
the  methylation  of  4  (or  5)-methylglyoxaline  respectively,  were 
isomeric  and  not  identical,  and  he  also  concluded  that  they  were 
the  1 :  4-  and  1 :  5-dimethylglyoxalines,  but  that  there  was  no 
evidence  to  show  which  of  the  two  was  1 :  4  and  which  1:5. 

The  repetition  of  the  methylation  of  4(or  5)-methylglyoxaline  on  » 
a   larger   scale,   which   has   been   made  possible   by  Windaus   andfl 
Knoop's  discovery  {Ber.,  1905,  38,  1166)  of  a  convenient  method 
for  the  preparation  of  this  compound,  has  shown  that  the  product 
obtained  is  a  mixture  of  the   1 :  4-  and   1 :  5-isomerides.     A  com- 
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parison  of  the  properties  of  the  two  isomerides  and  their  salts  with 
those  of  the  dimethylglyoxaline  from  ?sopilocarpine  recorded  by 
Jowett  (loc.  cit.)  is  tabulated  below: 

From  iso- 
1:4.  1:5.         pilocarjiiiie. 

Base B.  p 198—199°       224—225°       210—215° 

Sp.gr 0-997  1021  — 

■n^'  1-49042  1-49963  — 

Anrichloride   M.  p 137—138'       218—219°       214—215° 

Solubility  in  alcohol        easily  sparingly  — 

Platinichloride  ...     M.  p 233°  246°  238-239°* 

Solubility  in  water,    fairly  easily      sparingly  — 

Picrate     M.  p 167—168°       168—169°  167° 

Hydrochloride    ...     M.  p 168—169°       194-195°  — 

Ilydr.  gen  oxalate.     M.  p 105—106°       133—134°  — 

*  When  heated  fairly  quickly,  this  salt  melted  at  247°. 

Through  the  kindness  of  Dr.  Jowett,  the  author  has  had  the 
opportunity  of  examining  specimens  of  the  picrate  and  platini- 
chloride of  the  dimethylglyoxaline  obtained  from  ?sopilocarpine. 
The  picrate  melted  at  167 — 168°,  and  mixtures  of  approximately 
equal  amounts  of  this  salt  with  (1)  1 :  4-dimethylglyoxaline  picrate 
at  140—145°  and  (2)  1 :  5-dimethylglyoxaline  picrate  at  167—168°. 
The  platinichloride,  when  slowly  heated,  decomposed  at  238 — 239°, 
and  mixtures  with  (1)  1 :  4-dimethylglyoxaline  platinichloride  at 
220°  and  (2)  1:  5-dimethylglyoxaline<platinichloride  at  239°;  when 
fairly  quickly  heated,  however,  the  platinichloride  decomposed  at 
247°,  and  the  mixture  with  1 :  5-dimethylglyoxaline  platinichloride 
at  248°;  the  platinichloride  of  the  dimethylglyoxaline  from  iso- 
pilocarpine  is  sparingly  soluble  in  water.  Consideration  of  the 
table  and  the  above  facts  shows  that  the  dimethylglyoxaline  from 
Mopilocarpine  is  identical  with  the  isomeride  of  higher  boiling 
point,  which  there  is  good  reason  to  believe  is  1 :  5-dimethyl- 
glyoxaline. 

It  is  evident  that  Jowett  and  Potter's  synthetic  dimethyl- 
glyoxaline, which  distilled  mainly  at  203°  and  had  a  specific  gravity 
of  1003,  consisted  chiefly  of  the  1 :  4-isomeride  of  lower  boiling 
point;  the  picrates  of  the  two  isomerides  being  of  a  similar 
solubility  in  water,  they  eventually  obtained,  after  crystallisation  of 
their  picrate,  the  pure  picrate  of  1 :  4-dimethylglyoxaline ;  rc- 
crystallisation  of  the  anrichloride  of  their  base  from  alcohol,  how- 
ever, gave  them  the  pure  1 :  5-dimethylglyoxaline  aurichloride,  which 
i^  sparingly  soluble  in  this  solvent,  whereas  1 :  4-dimethylglyoxaline 
aurichloride  is  easily  soluble;  similarly,  recrystallisation  of  the 
platinichloride  of  their  base  from  water  yielded  1 :  5-dimethyl- 
U'lyoxaiine  platinichloride,  which  is  sparingly  soluble  in  water,  the 
Vol.  xcvii.  6  d 
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1 :  4-dimetliylglyoxaline   platinichloride  remaining   in    the   mother 
liquors. 

The  methiodide  prepared  by  Jowett  and  Potter  from  the  synthetic 
dimethylglyoxaline  may  be  obtained  by  the  action  of  methyl  iodide 
on  either  1 :  4-  or  1 :  5-dimethylglyoxaline.  A  similar  case  of  the 
formation  of  only  one  methiodide  from  two  isomeric  benziminazolea 
has  previously  been  described  and  explained  by  Otto  Fischer  (loc. 
cit.),  on  the  assumption  that  methyl  iodide  is  combined  at  the 
unsaturated  linking,  and  that  the  compound  produced  then  re- 
arranges itself,  forming  the  more  stable  of  the  two  possible  sub- 
stituted ammonium  iodides.  This  explanation  is  also  applicable 
to  the  present  case,  and  may  be  represented  graphically  as  follows : 

CH-NMe.   ^„  f    CH NMe 

H  CH— NMe. 


CMe'NMe'^  ' 


CMe-NMel^^^ 

or 

CMe-NMe 
CH-NMeI>^^ 


CMe-NMe  , 

CH N*^ 

In  conclusion,  it  may  be  pointed  out  that  of  the  two  alternative 
isomeric  formulae  (I)  and  (II)  put  forward  by  Jowett  (loc.  cit.)  for 
isopilocarpine  (compare  also  Pinner  and  Schwarz,  loc.  cit.),  (I), 
which  depicts  the  alkaloid  as  a  1 :  5-substituted  glyoxaline,  is  sup- 
ported by  the  fresh  evidence  now  brought  forward: 

*  CH'NMp 

C2H,.CH-CH.CH,.C.NMe  .CH-CH-CH  -C N>^^^' 

CO  CH,         CH-N>^^    ^2^^  V^  V^  ^^'  ^  ^ 

CO  Cii  2 


(I.)  (11.) 

and  since  Jowett  has  shown  (Trans.,  1905,  87,  794)  that  isn- 
pilocarpine  and  pilocarpine  are  stereoisomerides,  this  evidence  is 
equally  applicable  to  the  latter  alkaloid. 

Experimental. 

M etliylation   of  ^{pr  b)-M ethyl glijoyaline :    Separation  of   the 
Isomeric  1 :  4-  and  1 :  b-DimethyUjlyoxalines. 

One  hundred  grams  of  4(or  5)-methylglyoxaline  were  well  shaken 
with  360  c.c.  of  20  per  cent,  aqueous  sodium  hydroxide  and  25  grams 
of  methyl  sulphate,  the  mixture  being  kept  cold  by  running  water ;  ^ 
five  further  quantities  of  120  c.c.  of  20  per  cent,  aqueous  sodium  ^| 
hydroxide  and  25  grams  of  methyl  sulphate  were  added  successively 
with  thorough  shaking  during  the  course  of  an  hour.  The  liquor 
was  then   completely  extracted  with  chloroform,   and  the  extract 
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dried  with  anhydrous  potassixun  carbonate.  After  removal  of  the 
solvent,  the  resulting  oil  was  distilled  once  under  diminished  pres- 
sure, and  then  fractionated  three  times  under  normal  pressure, 
fractions  being  collected  every  10°  between  190°  and  250°.  As  a 
considerable  proportion  of  the  oil  distilled  above  250°,  it  appeared 
that  a  part  of  the  4 (or  5)-methylglyoxaline  had  escaped  methylation, 
and  the  fractions  boiling  above  230°,  and  amounting  to  31  grams, 
were  consequently  re-methylated.  The  product  was  fractionated, 
and  the  fractions  suitably  combined  with  those  from  the  first 
methylation. 

At  this  stage  the  products  were  as  follows : 

B.  p...     190—200°    200—205°    205—210'     210—215'     215—220°    220—230° 
Grams  6-0  10-0  162  75  8-0  5*0 

After  twelve  fractional  distillations  of  the  above  under  normal 
pressure,  the  following  fractions  were  obtained  : 

B.  p...     195—200°    200—202°    202—205°     205—210°     210—215°    215—220° 
Grams         170  50  38  36  2-3  45 

B.  p 220—225°  above  225°. 

Grams    8*4  38 

The  first  fraction,  b.  p.  195—200°,  distilled  mainly  at  198—199°, 
and  represented  nearly  pure  1 :  4-dimethylglyoxaline.  It  was 
neutralised  with  dilute  hydrochloric  acid,  and  precipitated  with 
picric  acid,  when  42  grams  of  the  picrate,  having  the  coiTect  melting 
point,  167 — 168°  (corr.),  were  obtained.  After  regeneration  from 
the  picrate,  1 :  4-dimethylglyoxaline  distilled  at  198 — 199°  (corr.). 

The  fraction  distilling  at  220 — 225°  was  similarly  converted  into 
the  picrate,  and  gave  at  first  a  quantity  of  pure  1 :  5-dimethyl- 
glyoxaline  picrate,  melting  at  168 — 169°  (corr.);  the  mother  liquors 
and  the  picrates  from  adjacent  fractions  gave  the  same  salt  in  a 
crude  condition,  and  this  was  purified  by  crystallisation  from 
water;  altogether  19  grams  of  this  salt  were  obtained  in  a  pure  state. 
After  regeneration  from  the  picrate,  1 :  5-dimethylglyoxaline  dis- 
tilled at  224—225°  (corr.). 

1  :  ^-Dim^thylglyoxaltm,    N..        vr^CII. 

The  base  is  a  colourless,  mobile,  deliquescent  liquid,  having  an 
odour  somewhat  similar  te  that  of  pyridine.  It  boils  at  198 — 199° 
(corr.),  and  did  not  solidify  after  keeping  for  several  hours  in  an 
J<e  chest.  It  is  miscible  with  water,  alcohol,  ether,  and  cliloroforni 
>n  all  proportions,  and  a  considerable  amount  of  heat  is  developed 
when  it  is  mixed  with  wat^r  or  chloroform.  It  has  a  sp.  gr.  of 
0997  at  15-5°/15-5°,  and  a  refractive  index  of  149042  at  20°: 

6  D  2 
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01495  gave  0-3419  COa  and  01121  HgO.     C  =  62-4;  H  =  8-3. 

0-0538     „  13-7  c.c.  No  at  25°  and  774  mm.     N  =  29-0. 

CsHgNg  requires  C  =  62-5;  H  =  8-4;  N  =  29-2  per  cent. 

The  hydrochloride  was  obtained  by  neutralising  the  base  with 
absolute  alcoholic  hydrochloric  acid,  and  evaporating  the  salt  to 
dryness  in  a  vacuum  desiccator  over  sulphuric  acid.  It  separated 
in  long,  colourless,  very  deliquescent  needles,  which  melted  at 
168—169°  (corr.)  : 

0-1408  gave  0-1537  AgCl.     CI  =  27-0. 

CgHgNgjHCl  requires  Cl  =  26-7  per  cent. 

The  hydrogen  oxalate  crystallises  from  absolute  alcohol  in 
prismatic  needles,  which,  after  drying  in  a  vacuum,  melt  at 
105 — 106°  (corr.).  This  salt  is  readily  soluble  in  water,  but  sparingly 
so  in  absolute  alcohol : 

01600,  dried  in  a  vacuum,  gave  0-2637   CO,  and  0*0841   HgO. 
C  =  44-9;  H  =  5-9. 
CgHgNjjCgHgO^  requires  C  =  45-l;   H  =  5-4  per  cent. 

The  aurichloride  crystallises  from  alcohol  in  yellow,  transparent, 
pointed  prisms,  which  melt  at  137 — 138°  (corr,).  It  is  sparingly 
soluble  in  water,  readily  so  in  cold  alcohol,  and  very  readily  so  in 
hot  alcohol : 

0-1725  gave  0-0869  COg  and  0*0371  HgO.     C  =  13-7;  H  =  2-4. 

0-2224     „     0-1010  Au.     Au  =  45-4. 

CaHgNa^AuCl^  requires  C  =  13-8;  H  =  2-l;  Au  =  45-2  per  cent. 

The  flatinichloride  crystallises  from  water  in  long,  orange 
splinters,  which  decompose  at  233°  (corr.).  It  is  fairly  readily 
soluble  in  cold  water,  readily  so  in  hot  water,  but  almost  insoluble 
in  alcohol: 

0-2015  gave  0-0647  Pt.     Pt  =  32-1. 

(C5H8N2)2,H2PtCl6  requires  Pt=32-4  per  cent. 

The  picrate  and  methiodide  have  already  been  described  by  Jowetfc 
and  Potter  {loc.  cit.),  who  obtained  them  from  the  synthetic  di- 
methylglyoxaline. 

The  picrate  crystallises  from  water  in  beautiful,  long,  flat,  yellow 
needles,  which  melt  at  167 — 168°  (corr.).  It  is  sparingly  soluble 
in  cold  water,  but  readily  so  in  hot  water. 

The  methiodide  is  produced  with  considerable  evolution  of  heat 
when  equimolecular  proportions  of  the  base  and  methyl  iodide  are 
mixed.  It  crystallises  from  absolute  alcohol  in  long,  stout,  colour- 
less splinters,  which,  when  dried  at  100°,  melt  to  a  viscous  liquid 
at  160 — 163°  (corr.).  When  the  salt  is  mixed  with  an  equal  amount 
of  the  methiodide  of  1 :  5-dimethylglyoxaline,  its  melting  point  is 
unchanged. 
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,    ,  ,         ,.       CMe-NMe.   ^„ 
1 :  5-Di me t hylglyo xaltne,  m     xr=^       ' 

The  base  is  a  colourless,  mobile,  deliquescent  liquid,  having  an 
odour  somewhat  similar  to  that  of  pyridine,  but  less  intense  than 
that  of  the  1 :  4-isomeride.  It  boils  at  224 — 225°  (corr.),  and  did 
not  solidify  after  being  kept  for  several  hours  in  an  ice-chest.  It 
is  miscible  with  water,  alcohol,  ether,  and  chloroform  in  all  pro- 
portions, and  a  considerable  amount  of  heat  is  developed  when  it 
is  mixed  with  water  or  chloroform.  It  has  a  sp.  gr.  of  1'021  at 
15-5°/15-5°,  and  a  refractive  index  of  1-49963  at  20°: 

0-1516  gave  0-3451  COo  and  01165  H^O.     C  =  62-l;  H  =  8-6. 

00743     „  18-8  c.c.  Ng'at  24°  and  770"mm.     N  =  28-8. 

CjHsN,  requires  C  =  62-5;  H  =  8-4;  N  =  29-2  per  cent. 

The  hydrochloride,  prepared  from  the  base  and  absolute  alcoholic 
hydrochloric  acid,  separates  in  rectangular,  oblong  plates,  melting 
at  194 — 195°  (corr.),  on  evaporation  of  the  solution  in  a  vacuum 
over  sulphuric  acid.     This  salt  is  very  deliquescent : 

0-2134  gave  02313  AgCl.     01  =  268. 

C5H8No,HCl  requires  Cl  =  26-7  per  cent. 

The  hydrogen  oxalate  crystallised  from  absolute  alcohol  in  stout, 
prismatic  needles,  which  sintered  at  132°  and  melted  at  133 — 134° 
(corr.).  This  salt  is  readily  soluble  in  water,  but  sparingly  sc  in 
absolute  alcohol : 

0-1515  gave  02523  CO.  and  00764  HoO.     C  =  45-4;  H  =  5-7. 
CgHgNojCgHgO^  requires  0  =  451;  H  =  5-4  per  cent. 

The  aurichloride,  platinichloride,  and  picrate  of  this  base  have 
previously  been  prepared  by  Jowett  (Trans.,  1903,  87,  445)  from 
the  dimethylglyoxaline  obtained  by  the  distillation  of  ^5opilocarpine 
with  soda-lime;  the  aurichloride  and  platinichloride  were  also  pre- 
pared from  synthetic  dimethylglyoxaline  (Jowett  and  Potter,  loc. 
cif.),  and  identified  with  the  corresponding  salts  obtained  from 
the  alkaloid.     It  is  therefore  only  necessary  to  describe  them  shortly. 

The  aurichloride  crystallised  from  alcohol  in  yellow  needles,  which 
sintered  and  deepened  in  colour  at  165°  and  decomposed  at 
218 — 219°  (corr.).  This  salt  is  sparingly  soluble  in  water  or 
alcohol. 

The  platinichloride  separated  on  adding  platinic  chloride  to  the 
aqueous  solution  of  the  hydrochloride  in  orange,  rectangular  leaflets, 
which  began  to  darken  at  239°  and  decomposed  at  246°  (corr.). 
When  heated  more  rapidly,  this  salt  decomposes  at  249°  (corr.). 
This  salt  is  sparingly  soluble  in  cold  water,  and  almost  insoluble  in 
alcohol. 
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The  picrate  crystallised  from  water  in  short,  yellow  needles,  which 
melted  at  168 — 169°  (corr.).  It  is  sparingly  soluble  in  cold  water, 
but  readily  so  in  hot. 

A  mixture  of  approximately  equal  parts  of  this  salt  and  of 
1  :  4-dimetliylglyoxaline  picrate  gradually  sintered,  softened  con- 
siderably at  135°,  and  melted  to  a  clear  liquid  at  140 — 145°. 

The  methiodide  is  formed  with  considerable  evolution  of  heat 
when  equimolecular  proportions  of  1 :  5-dimethylglyoxaline  and 
methyl  iodide  are  mixed,  and,  after  crystallisation  from  absolute 
alcohol,  forms  long,  stout,  colourless  splinters,  which,  when  dried  at 
100°,  melt  at  160—163°  (corr.);  this  salt  is  identical  with  1 :  4-di- 
methylglyoxaline  methiodide  (p.  1822). 

Bromination  of  4(or  b)-M ethylglyoxaline. 

To  a  solution  of  100  grams  of  4(or  5)-methylglyoxaline  in  600  c.c. 
of  chloroform,  200  grams  of  bromine  diluted  to  300  c.c.  with  chloro- 
form were  added  drop  by  drop  with  mechanical  stirring,  the  tem- 
perature being  maintained  at  —10°  to  —12°.  The  addition  of  the 
bromine  occupied  an  hour,  and  the  liquor  was  stirred  for  another 
half  hour.  It  then  formed  a  clear,  pale  brown  solution,  but  when 
removed  from  the  freezing  mixture  became  turbid  and  began  to 
separate  into  two  layers,  the  upper  one  of  chloroform,  and  the 
lower  of  brown  oil,  which  soon  began  to  crystallise.  After  keeping 
for  a  few  hours,  the  crystals  were  separated  from  oil  and  chloroform 
by  filtration,  and  washed  with  chloroform.  The  oil  and  chloroform 
were  then  separated,  and  the  chloroform  distilled,  when  a  small 
further  quantity  of  oil  remained,  which  was  added  to  the  separated 
oil. 

The  crystals  were  heated  for  half  an  hour  on  the  water-bath  with 
a  litre  of  water,  when  a  part  remained  undissolved,  and  after 
keeping  overnight,  27  grams  of  dibromo-4(or  5)-methylglyoxaline, 
melting  at  210°,  were  collected  (mother  liquor  M). 

The  oil  was  also  heated  for  half  an  hour  on  the  water-bath  with 
a  litre  of  water,  but  no  crystals  separated  on  keeping  the  solution ; 
this  was  combined  with  the  mother  liquor  M  and  fractionally  pre- 
cipitated with  ammonia,  when  successively  small  fractions,  melting 
at  205°,  175°,  and  120—135°,  and  30  grams  melting  at  145°,  were 
obtained.  On  evaporating  the  ammoniacal  liquor  to  low  bulk,  a 
further  quantity  of  35  grams  of  crystals,  melting  at  145°,  separated ; 
33  grams  of  brown  oil,  which  became  partly  crystalline,  were 
obtained  by  extracting  the  mother  liquor  with  chloroform,  and  a 
further  9  grams  of  brown  oil  were  similarly  extracted  after  the 
addition  of  aqueous  sodium  carbonate. 

Tho  various  products  were  worked  up  as  follows.     The  fractioni 
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which  melted  above  200°  gave,  on  recrystallisation  from  ethyl 
acetate,  pure  dibromo-4(or  5)-methylglyoxaline,  m.  p.  215 — 216° 
(corr.) ;  those  melting  at  145°,  after  recrystallisation  from  the  same 
solvent,  gave  pure  bromo-4(or  5)-methylglyoxaline,  m.  p.  154 — 155° 
(corr.).  The  mother  liquors,  after  the  removal  of  ethyl  acetate  and 
also  those  precipitated  fractions  which  were  obviously  mixtures, 
were  again  separated  by  fractional  dissolution  in  dilute  hydrochloric 
acid  and  fractional  precipitation  with  ammonia;  in  this  way  a 
further  partial  separation  into  crude  dibromo-derivative  melting 
at  about  205 — 210°,  crude  bromo-derivative  melting  at  about 
135 — 145°,  and  intermediate  fractions,  was  effected.  On  crys- 
tallisation of  these  fractions  from  ethyl  acetate,  further  quantities 
of  the  pure  compounds  were  obtained,  and  the  residues  were  again 
subjected  to  the  same  cycle  of  operations. 

The  oil  extracted  by  chloroform  from  the  ammoniacal  solution 
was  extracted  with  water,  which  removed  a  quantity  of  4  (or  5)- 
methylglyoxaline,  and,  after  fractional  treatment  with  acid  and 
alkali,  gave  further  small  quantities  of  the  di-  and  mono-bromo- 
derivatives;  the  9  grams  of  brown  oil  extra<;ted  by  chloroform  after 
the  addition  of  sodium  carbonate  were  nearly,  pure  4(or  5)-methyl- 
glyoxaline,  and  crystallised  on  keeping. 

The  total  yield  amounted  to  36  grams  of  pure  dibrom(>-4(or  5)- 
methylglyoxaline  and  67  grams  of  pure  bromo-4(or  5)-methyl- 
glyoxaline ;  there  were  also  obtained  25  grams  of  viscid,  dark  brown, 
partly  crystalline  oil,  which  was  not  further  purified,  and  about 
18  grams  of  nearly  pure  unchanged  4(or  5)-methylglyoxaline. 

The  bromination  has  been  carried  out  at  various  temperatures 
with  the  view  of  determining  the  best  conditions  for  the  production 
of  the  mono-bromo-derivative,  with  the  following  result : 

One  hundred  grams  of  4  (or  5)-methylglyoxaline  brominated  at 

5  to     lO"*  gavo  52  grams  of  dibromo-  and  58  grams  of  monobromo-derivaiive 

-4  to     -r    „     46        „  „  62 

-10  to  -12"     „     36         „  ,,  67 

These  figures  refer,  of  course,  to  the  quantities  of  pure  compounds 
isolated;  in  each  case  there  was  also  a  dark  brown,  sticky  residue, 
which  could  not  readily  be  further  purified,  and  some  unchanged 
4(or  5)-methylglyoxaline. 

It  should  be  mentioned  here  that  when  the  bromination  is  carried 
out  at  5°  to  10°  or  -4°  to  -7°,  the  chloroform  solution  does  not 
remain  clear  throughout,  but  gradually  becomes  turbid,  and 
eventually  crystals  separate  during  the  addition  of  bromine. 
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Bromo-4i(or  h)-inethylglyoxalvne  (VIII,  Villa,  IX  or  IXa, 

p.  1816). 

This  base  crystallises  from  ethyl  acetate  in  long,  glistening,  silky 
needles,  which  melt  at  154 — 155°  (corr.).  It  is  sparingly  soluble  in 
cold  water,  fairly  readily  so  in  boiling  water,  and  readily  so  in 
alcohol  or  ethyl  acetate.  It  is  soluble  in  dilute  acids,  dilute  aqueous 
sodium  hydroxide,  or  in  a  large  excess  of  10  per  cent,  aqueous 
ammonia,  but  not  in  10  per  cent,  aqueous  sodium  carbonate : 

0-1503  gave  0-1655  COg  and  0-0443  HgO.     C  =  30-0;  H  =  3-3. 

0-1004     „  14-7  c.c.  Ng'at  16°  and  768  mm.     N-17-3. 

0-1537     „     0-1809  AgBr.     Br  =  50-1. 
QHjNsBr  requires  0  =  298;  H  =  3-l;  N  =  17-4;  Br  =  49-6  per  cent. 

Aqueous  solutions  of  this  compound  give  with  silver  nitrate 
solution  a  white  precipitate  of  the  silver  salt,  which  crystallises  from 
boiling  water  in  colourless,  silky  needles. 

A  solution  of  this  base  in  dilute  aqueous  sodium  hydroxide 
becomes  deep  orange  in  colour  on  the  addition  of  aqueous  sodium 
diazobenzene-^-sulphonate. 

The  hydrogen  oxalate  crystallises  from  water  in  colourless, 
prismatic  needles,  which  begin  to  sinter  at  205°,  and  decompose  at 
210°  (corr.).  It  is  anhydrous,  and  is  very  readily  soluble  in  boiling 
water,  but  only  moderately  so  in  cold  water : 

0-1532  gave  0-1628  COg  and  0-0404  HgO.     0  =  29*0;  H  =  3-0. 
04H5N2Br,02H204  requires  0  =  287;  H  =  2-8  per  cent. 

Dibromo-i(or  5)-methylglyoxaline  (X  or  Xa,  p.  1816). 

This  compound  crystallises  from  ethyl  acetate  in  glistening, 
prismatic  rods,  which  melt  at  215 — 216°  (corr.).  It  is  almost 
insoluble  in  cold  water,  sparingly  soluble  in  hot  water,  readily  soluble 
in  alcohol,  and  somewhat  sparingly  so  in  ethyl  acetate.  It  is 
soluble  in  excess  of  dilute  acids,  and  readily  soluble  in  aqueous 
sodium  hydroxide  or  10  per  cent,  aqueous  ammonia,  but  not  in  10 
per  cent,  aqueous  sodium  carbonate : 

0-1489  gave  0-1111  OOg  and  00261  HgO.     0  =  20-3;  H  =  2-0. 

0-1516     „  15-8  c.c.  Ng  at  21°  and  764"  mm.     N  =  ll-9. 

01490     „     0-2351  AgBr.     Br  =  67'l. 
C,,H,,NoBr2  requires  0  =  200;  H  =  l-7;  N  =  ll-7;  Br  =  66'7  per  cent. 

Aqueous  solutions  of  this  compound  give  with  silver  nitrate 
solution  a  white  precipitate  of  the  silver  salt. 

A  solution  of  this  base  in  dilute  aqueous  sodium  hydroxide 
becomes  deep  orange  in  colour  on  the  addition  of  aqueous  sodium 
diazobenzene-2;-sulphonatc. 
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Methylation  of  Bromo-A{pr  b)-methylglyoxaline. 

Seventy  grams  of  bromo-4(or  5)-methylglyoxaline  were  suspended 
in  300  c.c.  of  10  per  cent,  aqueous  sodium  hydroxide,  and  well 
shaken  while  kept  cold  in  running  water  with  14  grams  of 
methyl  sulphate,  yielding  a  nearly  clear  solution.  Quantities  of 
100  c.c.  of  10  per  cent,  aqueous  sodium  hydroxide  and  14  grams 
of  methyl  sulphate  were  added  four  times  more,  so  that  the  total 
amounts  used  for  the  methylation  were  700  c.c.  of  10  per  cent, 
aqueous  sodium  hydroxide  and  70  grams  of  methyl  sulphate.  The 
addition  of  these  quantities  was  carried  .through  in  one  hour,  and 
the  mixture  well  shaken  for  ten  minutes  after  the  last  addition. 

The  oil  which  had  separated  was  then  collected,  and  the  aqueous 
liquor  completely  extracted  with  chloroform ;  the  oil  and  chloroform 
were  then  mixed,  dried  with  anhydrous  potassium  carbonate,  and 
the  solvent  distilled.  The  chloroform  residue  amounted  to  66  grams 
of  brown  oil,  representing  the  mixed  isomeric  iV-methyl  derivatives. 
The  mother  liquor  gave  no  more  oil  on  re-methylation.  The  oil 
(66  grams)  was  combined  with  a  similar  product  (44  grams)  obtained 
by  the  methylation  of  another  50  grams  of  bromo-4(or  5)-methyl- 
glyoxaline,  and  kept  overnight  in  a  vacuum  desiccator,  when  a 
quantity  of  2(or  4)-bromo-l  :  5-dimethylglyoxaline  separated  in 
large,  flat  needles;  this  was  collected,  and  amounted  to  25  grams. 
The  crystals  and  the  oily  liquor  from  which  they  separated  were 
separately  converted  into  the  hydrogen  oxalates,  and  crystallised 
from  water;  from  the  former  a  quantity  of  2(or  4)-bromo-l :  5-di- 
methylglyoxaline hydrogen  oxalate  was  readily  obtained  in  pure 
condition  (m.  p.  146 — 147°) ;  from  the  latter,  however,  various  crops 
of  mixed  hydrogen  oxalates  of  the  two  isomerides,  melting  between 
about  85°  and  95°,  were  obtained,  and  these  were  subjected  to  a 
prolonged  fractional  crystallisation  from  water.  It  was  found  that, 
on  crystallising  a  mixture  melting  at  about  90°  from  rather  less 
than  its  own  weight  of  water,  fairly  pure  2(or  5)-bromo-l :  4-di- 
mcthylglyoxaline  hydrogen  oxalate,  melting  at  93 — 95°,  would 
separate  in  large  crystals  on  keeping  overnight,  and  that  the  mother 
liquor,  on  scratching,  would  deposit  a  certain  amount  of  crude 
2(or  4)-bromo-l :  5-dimethylglyoxaline  hydrogen  oxalate  as  a  crys- 
talline powder,  melting  at  about  140°.  Eventually,  there  were 
obtained  altogether  (from  110  grams  of  the  mixed  isomerides)  84 
grams  of  pure  2(or  5)  bromo-l  :  4-dimethylgIyoxaline  hydrogen 
oxalate,  melting  at  95—97°,  and  12  grams  of  the  same  salt  in  a 
fairly  pure  sUte,  also  55  grams  of  pure  2(or  4)  bromo-l  :  5-dimethyl- 
glyoxaline hydrogen  oxalate,  melting  at  146—147°,  and  8  grams 
of  the  same  salt  in  a  moderately  pure  state,  together  with  10  grams 
of  residues. 
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2(or  5)-B7'omo-l :  i^-dimethylglyoxaline, 

CMe — N-^  CMe — N-^ 

This  base  was  obtained,  after  regener^ion  from  the  pure  hydrogen 
oxalate  and  extraction  with  ether,  as  an  oil,  which  gradually 
solidified.  It  crystallises  from  anhydrous  ether  in  beautiful,  clear, 
colourless,  quadrilateral  plates,  which  melt  at  40 — 45°  (corr.),  after 
sintering  from  about  35°. 

The  base  is  very  deliquescent,  readily  taking  up  water,  and 
forming  an  oil  which  is  sparingly  soluble  in  water.  It  is  not  more 
soluble  in  alkalis  than  in  water,  but  is  readily  soluble  in  dilute 
acids.     It  is  readily  soluble  in  alcohol,  ether,  or  chloroform : 

0-2076  gave  0-2636  COo  and  0-0725  H.O.     C  =  34-6 ;  H  =  3-9. 

0-1769     „     0-1908  AgBr.     Br  =  45-9." 

C5H7N2Br  requires  C  =  34-3;  H  =  4-0;  Br  =  45-7  per  cent. 

The  hydrochloride  crystallises  from  water  in  clear  prisms,  which, 
after  drying  at.  100°,  melt  at  196 — 197°  (corr.).  It  is  very  readily 
soluble  in  water  or  alcohol,  but  very  sparingly  so  in  acetone.  Its 
aqueous  solution  reacts  strongly  acid : 

0-1633* gave 0-1681  COg  and  00567  HgO.     C  =  28-l;  H  =  3-9. 

0-2314*     „     0-1583  AgCl.     Cl  =  16-9. 
C5H-N2Br,HCl  requires  C  =  28-4;  H  =  3-8;  CI  =  16-8  per  cent. 

The  hydrogen  oxalate  crystallises  from  water  in  large,  irregular 
prisms,  which  melt  at  95 — 97°  (corr.),  and  contain  one  molecule  of 
water  of  crystallisation.  After  drying,  first  in  a  vacuum  and  then 
at  100°,  it  melts  at  133 — 135°  (corr.).  This  salt  is  very  readily 
soluble  in  hot  water,  and  soluble  in  less  than  two  and  a-half  times 
its  weight  of  water  at  25° : 

01516  t  gave  0-1659  CO2  and  0-0533  H.O.     C  =  29-8;  H  =  3-9. 

0-1611  t     „  13-5  c.c.  No  at  20°  and  760  mm.     N  =  9-6. 

0-2093  t  lost  0-0137  at  100°.     H2O  =  6-5. 
C5H7N2Br,C2H204,H20  requires  C=29-7;  H  =  3-9;  N  =  9-9; 
H20  =  6-4  per  cent. 

0-1440*  gave  0-1688  COg  and  00457  HgO.     0  =  320;  H  =  3-6. 

0-1834*     „     0-1293  AgBr.     Br  =  30-0. 
Cr^-;^^x,Q.^f>^  requires  0  =  317;  H  =  3-4;  Br  =  30*2  per  cent. 

The  picrate  crystallises  from  boiling  water  in  long,  flat,  yellow 
needles,  which  melt  at  223 — 224°  (corr.),  after  sintering  earlier.  It 
is  very  sparingly  soluble  in  water: 

0-1534  gave  01835  OOg  and  00362  HgO.     0  =  326;  H  =  2-6. 
CsHyNgBrjOflllaOyNg  requires  0  =  327;  H  =  2-5  per  cent. 
*  Dried  at  100°.  t  Air-dried  salt. 
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2(or  A.)-Bromo-\  :  ^-dimethylglyoxaline, 
CMe-NMe.    ^,„  CMe  -NMe^  ^„ 

This  base  crystallises  from  ether  in  colourless,  transparent 
splinters  (or  plates),  which  melt  at  77 — 78°  (corr.).  When  moistened 
with  water,  it  becomes  oily,  and  on  the  addition  of  a  large  quantity 
passes  into  solution.  It  is  not  more  soluble  in  alkalis  than  in 
water,  but  dissolves  readily  in  dilute  acids.  It  is  readily  soluble  in 
the  usual  organic  solvents,  with  the  exception  of  light  petroleum : 

01551  gave01941  CO,  and  00596  HoO.     C  =  341;  H=4-3. 
01517     „    01917  CO2    „    00584  HoO.     C  =  34-5;  H  =  4-3. 
0-1683     „  22-3  c.c.  No 'at  13°  and  770  mm.     N  =  15-9. 
01493     „     0-1615  AgBr.     Br  =  46-0. 
C5H-N2Br  requires  0  =  343;  H  =  4-0;  N^ieO;  Br  =  45-7  per  cent. 

The  hydrochloride  crystallises  from  moist  acetone  in  rectangular 
leaflets,  Avhich  contain  about  half  a  molecular  proportion  of  water 
of  crystallisation,  and  melt  at  93 — 94°  (corr.).  After  drying  at 
100°,  this  salt  melts  at  172 — 174°  (corr.).  It  is  very  readily  soluble 
in  water  or  alcohol,  but  sparingly  so  in  acetone.  Its  aqueous 
solution  reacts  strongly  acid : 

0-2020  t  lost  00106  in  a  vacuum  over  H0SO4.     HoO  =  52. 
CjH^NoBrjHCllHoO   requires  Ho6  =  4-l   per  cent. 

01569*  gave  01614  COo  and  00582  HoO.     C  =  281;  H=4-2. 
0-1912*     „     0-1296  AgCl.     01  =  168  per  cent. 
C5H-NoBr,HCl  requires  0  =  284;  H  =  3-8;  01  =  16-8  per  cent. 

The  hydrogen  oxalate  crystallises  from  water  in  magnificent, 
diamond-shaped,  transparent  plates,  which  melt  at  146 — 147°  (corr). 
This  salt  is  anhydrous.  It  is  very  readily  soluble  in  hot  water,  and 
soluble  in  four  times  its  weight  of  cold  water : 

01489gave01743  OOo  and  00494  HgO.     0  =  31*9;  H  =  3-7. 
0-1808     „  16-0  c.c.  No"  at  20°  and  767  mm.     N  =  10-2. 
CsH-NoBr.CgHgO^  requ'ires  0  =  317;  H  =  3-4;  N  =  10-6  per  cent. 

The  picrate  crystallises  from  water  in  long,  yellow  needles,  which 
melt  at  198 — 199°  (corr.),  after  sintering  earlier.  It  is  very 
sparingly  soluble  in  water : 

01518  gave  0-1830  OOg  and  00346  H2O.     0  =  32-9;  H  =  2-6. 
C5H7N2Br,C6H307N3  requires  0  =  327;  H  =  2-5  per  cent. 

•  Dried  at  100',  t  Air-dried  salt. 
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Methylation  of  DibromoA(pr  b)-methylglyoxaline. 

Fifty-five  grams  of  dibroino-4(or  5)-methylglyoxaline  were  dis- 
solved in  140  c.c.  of  10  per  cent,  aqueous  sodium  hydroxide,  and 
well  shaken  with  15  grams  of  methyl  sulphate  (half  the  calculated 
quantity),  added  in  small  quantities  with  thorough  stirring  and 
cooling  under  the  tap.  The  solution  began  to  deposit  crystals 
shortly  after  the  first  addition  of  methyl  sulphate;  these  were 
collected  at  the  end  of  the  methylation,  and  amounted  to  24  grams. 
The  mother  liquor,  after  re-methylation  with  90  c.c.  of  10  per  cent, 
aqueous  sodium  hydroxide  and  15  grams  of  methyl  sulphate,  afforded 
another  20  grams  of  crystals,  and  the  final  mother  liquor,  when 
again  methylated  with  the  same  quantities,  gave  a  further  8  grams. 
The  total  yield  of  the  mixed  isomerides  was  therefore  52  grams,  and 
each  crop  behaved  in  the  same  way  on  heating,  sintering  at  75°, 
and  melting  aC  90 — 100.  The  mixture  was  separated  by  distillation 
with  steam,  when  2  :  5-dibromo-l :  4-dimethylglyoxaline  passed  over 
very  readily,  and  separated  as  a  colourless  oil,  which  solidified  on 
cooling,  and  melted  at  44 — 45°.  As  the  distillation  proceeded,  a 
small  quantity  of  colourless  needles  also  separated  in  the  receiver, 
and  contaminated  the  oil,  raising  the  melting  point  of  the  solidified 
oil  somewhat;  on  redistilling  with  steam,  however,  the  pure  low 
melting  isomeride  again  passed  over  first.  The  aqueous  distillates 
still  contain  a  considerable  amount  of  this  substance,  but  the  bulk 
of  it  may  be  recovered  by  distilling  these  liquors,  when  it  passes 
over  quickly  and  largely  separates  from  the  first  fraction;  the 
remainder  may  be  recovered  by  extraction  with  ether.  The  yield 
of  2  :  5-dibromo-l :  4-dimethylglyoxaline  amounted  to  20*2  grams. 

The  residue  of  the  steam  distillation,  consisting  of  2 :  4-dibromo- 
1 :  5-dimethylglyoxaline,  was  purified  by  crystallisation  from  ethyl 
acetate,  when  it  was  obtained  in  beautiful,  long,  flat  needles,  which 
melted  at  128 — 129°  (corr.),  and  in  quantity  amounting  to  20"  1 
grams. 

The  separation  of  the  two  isomerides  may  also  be  effected  by 
crystallisation  of  the  mixture  from  ethyl  acetate;  thus,  41  grams 
of  the  mixture  (m.  p.  90 — -100°),  crystallised  from  80  c.c.  of  ethyl 
acetate,  gave  at  once  97  grams,  melting  at  125°,  and,  on  con- 
centrating, in  various  crops,  109  grams  melting  between  115°  and 
123°,  then  15  grams  melting  at  90 — 100°;  after  removing  the 
solvent  from  the  mother  liquor,  an  oil  was  obtained;  this  became 
solid,  melted  at  40 — 4G°,  and  amounted  to  17  grams. 

By  crystallisation  of  the  fractions  of  high  melting  point  from 
ethyl  acetate,  18  grams  of  pure  2 :  4-dibrorao-l :  5-dimethyl- 
glyoxaline, and  by  distillation  of  the  fractions  of  low  melting  point 
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with  steam,  13  grams  of  pure  2 :  5-dibromo-l :  4-dimethylglyoxaline 
were  obtained. 

CBr'NMe^_„ 
2  : 5-Dibromo-l  'A-dimethylglyoxahne,   ij      ^CHr. 

This  compound  crystallises  from  light  petroleum  in  flat,  prismatic 
rods,  which  sinter  from  42°  and  melt  at  44 — 45°  (corr.). 

It  is  very  easily  volatile  with  steam,  sparingly  soluble  in  water, 
and  very  readily  soluble  in  the  usual  organic  solvents.  It  is  soluble 
in  dilute  acids,  but  not  in  alkalis : 

01516  gave  0-1325  CO^  and  0-0322  HgO.     C  =  23-9;  H  =  2-4. 

0-1546     „  14-3  c.c.  Ng  at  16°  and  763  mm.     N  =  10-8. 

01034     „     0-1538  AgBr.     Br  =  63-3. 

CjHcNoBr,  requires  0  =  236;  H  =  2-4;  N  =  ll-0;  Br  =  630  per  cent. 

CMe'NMe 
2:4-  Dibromo  -1:5-  dimethylglyoxaline,      ^^    ^CBr,      has 

previously  been  described  by  Jowett  and  Potter  (Joe.  cit.).  It  melts 
at  128 — 129°  (corr.),  and  is  soluble  in  10  per  cent,  hydrochloric 
acid;  it  is  only  slightly  volatile  with  steam. 

The  relative  affinity  of  the  two  isomeric  dibromodimethyl- 
glyoxalines  has  been  roughly  determined  as  follows. 

05  Gram  of  each  isomeride  was  separately  dissolved  in  10  c.c.  of 
10  per  cent,  aqueous  hydrochloric  acid,  and  each  solution  well 
shaken  with  25  c.c.  of  chloroform.  The  chloroform  extracts  were 
filtered  through  a  dry  filter  and  evaporated  to  dryness.  In  the  case 
of  2 :  5-dibromo-l :  4-dimethylglyoxaline,  the  chloroform  residue 
amounted  to  005  gram,  melting  at  44 — 45°  (corr.),  that  is,  10  per 
cent,  of  the  quantity  of  base  present ;  whilst  in  the  case  of  2 :  4-di- 
bromo-1 :  5-dimethylglyoxaline,  the  chloroform  residue  amounted  to 
0-31  gram,  melting  at  128—129°  (corr.),  that  is,  62  per  cent,  of 
the  quantity  of  base  present. 

Bromination  of  1 :  4i-Dimethylglyoxaline. 

Three  grams  of  1 :  4-dimethylglyoxaline  were  dissolved  in  6  c.c. 
of  chloroform,  cooled  with  ice,  and  treated  with  a  solution  of 
5  grams  of  bromine  made  up  to  5  c.c.  with  chloroform  added  drop 
by  drop  in  ten  minutes  with  thorough  stirring.  On  keeping,  the 
red  liquor  remained  clear ;  it  was  shaken  with  ammonia  and  water, 
dried  with  anhydrous  potassium  carbonate,  and  the  solvent  removed. 

The  residual  oil  was  dissolved  in  just  sufficient  10  per  cent, 
aqueous  hydrochloric  acid,  diluted,  and  distilled  with  steam;  the 
first  30  c.c.  of  distillate  carried  over  01  gram  of  2:  5-dibromo- 
1 :  4-dimethylglyoxaline  as  an  oil  which  solidified  on  keeping,  and 


1832      PYMAN  :   THE    TAtJTOMERTSM    OF    Gl.YOX ALINES,  ETC. 

melted  at  42 — 44°;  a  further  70  c.c.  of  clear  distillate  were  collected, 
mixed  with  the  30  c.c.  of  distillate  from  which  the  solid  had  been 
separated,  and  redistilled,  when  a  further  0'09  gram  of  the  same 
dibromo-compound  was  obtained. 

The  acid  liquor  was  then  rendered  alkaline,  and  again  distilled 
with  steam;  the  distillate,  however,  was  quite  bright  even  at  the 
commencement,  indicating  that  no  considerable  amount  of  the 
dibromo-compound  was  contained  in  the  liquor.  The  liquor  was 
then  completely  extracted  with  chloroform,  giving  2*7  grams  of 
brown  oil;  this  was  converted  into  the  hydrogen  oxalate  and 
crystallised  from  water,  when  3'0  grams  of  2(or  5)-bromo-l :  4-di- 
methylglyoxaline  hydrogen  oxalate,  melting  at  93 — 94°,  separated; 
after  recrystallisation  from  water,  this  salt  melted  at  95 — 97°  (corr.). 

Bromination  of  1 :  h-Dimethylglyoxaline. 

Three  grams  of  1 :  5-dimethylglyoxaline  were  brominated  with 
5  grams  of  bromine  under  the  same  conditions  as  its  isomeride. 
The  resulting  orange-red  liquor  in  this  case  deposited  crystals  on 
keeping,  but  these  were  not  separated,  the  mixture  being  extracted 
several  times  with  water  to  remove  easily  soluble  hydrobromides. 

The  chloroform  solution  was  then  shaken  with  dilute  ammonia, 
dried,  and  distilled,  when  2'8  grams  of  2  :  4-dibromo-l :  5-dimethyl- 
glyoxaline were  obtained  as  a  buff,  crystalline  residue,  melting  at 
127°;  after  recrystallisation  from  ethyl  acetate,  this  compound 
mfelted  at  128—129°  (corr.). 

The  base  regenerated  from  the  aqueous  extract  of  the  chloroform 
solution  amounted  to  1*2  grams,  and  formed  a  pale  brown  oil;  this 
was  converted  into  the  hydrogen  oxalate,  and  twice  recrystallised 
from  water,  when  0"3  grams  of  2(or  4)-bromo-l :  5-dimethyl- 
glyoxaline hydrogen  oxalate,  melting  at  146 — 147°  (corr.),  were 
obtained. 

The  author  wishes  to  take  this  opportunity  of  thanking  Dr.  Jowett, 
not  only  for  his  introduction  to  this  subject,  but  also  for  his  kind 
advice  and  interest  throughout  the  investigation. 

The  Wellcome  Chemical  Wokk.s 
DAKTFonn,  Kent. 
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CXCVI. — A   Glucoside  from  Teplirosia  2'>urpurea. 

By  George  Claeke,  jun.,  and  Shrish  Chandra  Banerjee. 

Tephrosia  purpurea  (Pers.) — nat.  ord.  leguminosae — a  small,  -woody 
annual,  is  found  all  over  India  from  the  Himalayas  to  Ceylon,  and 
in  Assam,  ascending  to  altitudes  of  4000  feet. 

Native  works  on  Materia  Medica  describe  the  plant  as 
deobstruent,  diuretic,  and  useful  in  certain  febrile  attacks  common 
in  the  East.  When  collected  for  medicinal  purposes,  the  whole 
plant  is  gathered  just  before  flowering,  dried,  and  tied  in  bundles 
for  sale  (Watt,  Dictionary  of  the  Economic  Products  of  Iridic, 
Vol.  VI,  1893,  15).  The  Pharmacographia  Indica  states  that  it 
contains  resin,  wax,  and  a  yellow  principle  allied  to  quercetin  or 
quercitrin.  The  latter  has  not  been  separated  or  examined.  Owing 
to  the  similarity  of  Tephrosia  'purpurea  and  the  cultivated  varieties 
of  the  Indigo  ferae,  it  is  known  in  the  vernacular  as  "  jungli  nil  " — 
wild  blue  or  wild  indigo — although  it  does  not  contain  any  indican 
or  other  substance  yielding  indigo. 

Ten  lbs.  of  sun-dried  leaves,  collected  in  the  Cawnpore  district 
at  the  end  of  August,  were  extracted  with  cold  95  per  cent,  alcohol 
for  seven  days.  The  alcoholic  extract  was  drained  off  as  com- 
pletely as  possible,  and  evaporated  to  a  small  bulk  under  atmospheric 
pressure.  The  green  extract  was  poured  into  water,  and  washed 
with  light  petroleum  until  the  green  colour  disappeared.  The  dark 
brown  mother  liquor  deposited  a  copious  crop  of  yellow  crystals. 
The  yield  was  about  2\  per  cent,  of  the  weight  of  dry  leaves. 

The  crude  substa,nce  was  best  purified  by  crystallisation  from 
dilute  acetic  acid  (1 :  3),  and  finally  from  dilute  alcohol  (1 :  1)  or 
water.  It  crystallised  in  yellow  needles,  soluble  in  ethyl  or  methyl 
alcohols  or  acetic  acid,  very  sparingly  so  in  cold  water,  and  insoluble 
in  benzene,  petroleum,  or  ether.  It  dissolved  readily  in  dilute 
1  kalis,  giving  a  yellow  solution,  from  which  it  could  be  precipitated 
ijy  careful  neutralisation  with  mineral  acids.  It  began  to  sinter  at 
182°,  and  finally  melted  and  decomposed  at  184 — 186°  (uncorr.). 

The  pure  compound  contained  water  of  crystallisation,  to  which 
it  clung  very  persistently  under  atmospheric  pressure,  and  under 
these  conditions  required  heating  to  160°  before  the  last  traces  of 
moisture  could  be  expelled.  It  is  easily  obtained  in  an  anhydrous 
state  by  heating  in  a  vacuum  at  the  boiling  point  of  ethylene 
dibromide  (131°). 

The  air-dried  substance  gave  on  analysis  the  following  results : 
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0-698  lost  0-058  H^O  in  a  vacuum  at  131°.     H2O  =  8'30. 
0-222     „     00182    H,(,>  ..  131°.     HgO-SlQ. 

0-9552  „    0-0777  U.p  at  160°.     H20  =  8-13. 
1-6222  „     01 300  up  „  160°.     H2O  =  8-01. 

C27H3oOjg,3H20  requires  H20  =  8-13  per  cent. 
The  anhydrous  substance  is  very  hygroscopic,  and  regains  water 
of  crystallisation  on  exposure  to  air : 
0-2650  gained  0-023.     H20  =  8-67. 

C27H3QO16  requires  H20  =  8-85  per  cent. 
Separate  fractions   of  the   air-dried  substance   crystallised   from 
water  or  dilute  alcohol  gave  on  analysis  the  following  results : 
0-2138  gave  0-3780  COg  and  0-1100  HgO.     C  =  48-22;  H  =  5-71. 
0-1810     „     0-3210  CO2     „    0-0911  H2O.     0  =  4836;  H  =  5-59. 

C27H3oOi6,3H20   requires  C  =  48'79;  H  =  5-42  per  cent. 
The  anhydrous  substance,  dried  in  a  vacuum  at  131°,  gave  the 
following  results : 

0-2040  gave  0-396    CO2  and  0-0956  HgO.     C  =  52-94 ;  H  =  5-20. 

0-2136     „     0-4180  CO2     „    0-0974  H2O.     C  =  53-37;  H  =  5-06. 

C27H3QO16  requires  C  =  53-ll;  H  =  4-91  per  cent. 

As  the  substance  appeared  to  be  a  glucoside,  it  was  examined  in 
the  following  way.  A  solution  of  20  grams  in  1  litre  of  2  per  cent, 
sulphuric  acid  was  digested  at  the  boiling  point  for  six  hours.  As 
the  reaction  proceeded,  a  yellow,  crystalline  precipitate  separated 
out,  and  more  was  deposited  on  cooling.  After  being  kept  over- 
night, this  substance  was  separated  and  examined.  It  was  soluble 
in  alkalis,  giving  a  deep  yellow  sokition,  and  yielded  orange-coloured 
acid  derivatives  by  treating  in  boiling  acetic  acid  with  concentrated 
hydrochloric,  hydrobromic,  hydriodic,  or  sulphuric  acids. 

The  sulphate  prepared  in  this  way,  washed  with  acetic  acid  and 
dried  at  100°  until  constant  in  weight,  was  decomposed  by  water, 
and  the  sulphuric  acid  estimated : 

0-343  gave  0-2004  BaSO^.     S  =  8-02. 
1-135     „     0-659  BaS04.     8  =  797. 

Ci5Hjo07,H2S04  requires  8  =  800  per  cent. 

The  acetyl  derivative,  prepared  from  acetic  anhydride  in  the 
usual  manner,  and  crystallised  from  ethyl  alcohol,  melted  at 
190—191°  (uncorr.).  After  being  dried  at  100°,  it  gave  the  follow- 
ing results  on  analysis : 

0-2070  gave  04424  CO2  and  0-0760  Il.fi.     C  =  5828 ;  H  =  4-07. 
C25H20O12  requires  0  =  5859;  H  =  3-90  per  cent. 

The  properties  of  this  substance  and  the  analysis  of  its  derivatives 
left  no  doubt  that  it  was  quercetin. 
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The  filtrate  from  which  the  quercetin  had  been  separated  was 
neutralised  with  barium  carbonate,  filtered,  and  evaporated  to 
small  bulk  on  the  water-bath  under  atmospheric  pressure.  The 
solution  examined  in  the  polariscope  was  dextrorotatory.  It  was 
kept  for  some  days  in  a  partial  vacuum  over  sulphuric  acid,  but  gave 
no  signs  of  crystallisation. 

One  gram  of  the  dried  syrup  in  5  c.c.  of  water  was  mixed  with 
2  grams  of  phenylhydrazine  hydrochloride  and  4  grams  of  sodium 
acetate  in  15  c.c.  of  water,  and  heated  on  the  water-bath  for  three 
to  four  hours.  Bright  yellow  crystals  separated,  which  were  washed 
with  water  and  dried  in  the  air.  The  melting  point  of  the  phenyl- 
osazone  thus  produced  was  190 — 192°  (uncorr.).  When  cryst-allised 
from  dilute  ethyl  alcohol  (1 :  1),  it  melted  indefinitely  at  190 — 195°, 
but  when  crystallised  from  pure  ethyl  alcohol  the  melting  point  was 
206 — 207°,  and  this  was  not  changed  when  the  substance  was  mixed 
with  </-phenylglucosazone. 

Ten  grams  of  the  phenylosazone  were  prepared  in  the  manner 
indicated  above  with  specially  purified  phenylhydrazine  hydro- 
chloride. When  fractionally  crystallised  from,  ethyl  alcohol,  it 
separated  into  two  osazones.  The  sparingly  soluble  one  melted  at 
206—207°  (uncorr.),  and  the  readily  soluble  one  at  178—180° 
(uncorr.).  The  two  substances  were  recrystallised  three  times  each 
from  ethyl  alcohol.  Their  melting  points  remained  unchanged. 
They  differed  in  appearance,  the  fraction  of  higher  melting  point 
consisting  of  long,  silky  needles,  characteristic  of  </-phenyl- 
glucosazone ;  the  more  readily  soluble  fraction  crystallised  in  rosette- 
shaped  clusters  of  small  needles. 

Pure  phenylrhamnosazone  prepared  from  pure  rhamnose  melted 
at  180 — 181°  (uncorr.),  and  the  melting  point  of  a  mixture  of  equal 
quantities  of  this  substance  and  the  readily  soluble  osazone  from 
the  Te'phrosia  glucoside  sugars  melted  at  178 — 180°. 

There  is  thus  a  very  sharp  separation  into  the  two  phenyl- 
osazones  of  rhamnose  and  dextrose  resembling  that  described  by 
W.  Will  in  characterising  the  sugars  of  hesperidin  and  naringin 
{Ber.,  1887,  20,  1186). 

Somewhat  prolonged  heating  is  necessary  in  preparing  the  mixed 
OMiones,  as  phenylrhamnosazone  appears  to  be  formed  more  slowly 
than  the  corresponding  dextrose  derivative. 

<i-Phenylglucosazone  (the  sparingly  soluble  osazone),  m.  p. 
06 — 207°,  when  dried  at  100°  gave  the  following  results  on 
analysis : 

0151  gave  0-3328  CO.,  and  00861  H,0.     C  =  6010;  H  =  6-33. 
0-2694     „    0-593    CO'a     „    01515  HgO.     C  =  6003 ;  H  =  6-24. 

CjgHo^O^N^  requires  C  =  60-33;  H  =  6-14  per  cent. 
vnr,.   xrvi!.  6  E 
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Phenylrliamnosazone  (the  readily  soluble  osazone),  m.  p. 
178 — 180°,  when  dried  at  100°  gave  on  analysis  the  following 
results : 

0-1971  gaveO-4537  COg  and  0-1182  K^O.     C  =  62-77;  H  =  6-66. 
C18H22O3N4  requires  0  =  63-16;  H=6-43  per  cent. 

A  solution  of  the  sugars  from  the  hydrolysis  of  20  grams  of  the 
pure  glucoside  from  Tephrosia  purpurea,  from  which  quercetin  and 
sulphuric  acid  had  been  separated  in  the  manner  described  in  the 
preceding  experiments,  was  evaporated  to  500  c.c,  and  cleared  with 
a  little  washed  animal  charcoal.  The  colourless  solution  thus  pro- 
duced was  treated  with  a  few  grams  of  ordinary  brewer's  yeast  for 
four  days  at  35 — 40°.  Active  fermentation  ensued,  and  a  strong 
odour  of  alcohol  was  produced.  After  separating  the  yeast,  the 
solution  was  evaporated  to  small  bulk  on  the  water-bath  under 
atmospheric  pressure,  and  finally  dried  in  a  vacuum  over  sulphuric 
acid.  A  few  crystals  were  formed,  but  not  enough  to  separate.  The 
syrupy  residue  was  warmed  with  300 — 400  c.c.  of  ethyl  alcohol,  and  a 
white,  flocculent  substance,  which  separated  out  on  the  addition  of 
alcohol,  was  removied.  The  clear  alcoholic  solution  was  evaporated 
to  about  50  c.c,  and  set  aside  to  evaporate  at  room-temperature 
for  a  few  days.  About  2  grams  of  large,  rhombic  crystals,  charac- 
teristic of  rhamnose,  were  obtained,  and  a  second  crop  of  smaller 
crystals  separated  from  the  mother  liquor. 

The  substance  thus  produced  melted  when  carefully  heated  at 
93 — 94°  (uncorr.).  The  melting  point  of  pure  rhamnose  under  the 
same  conditions  was  93 — 94°,  and  a  mixture  of  equal  quantities  of 
pure  rhamnose  and  the  rhamnose  from  the  Tephrosia  glucoside  also 
melted  at  that  temperature. 

The  rhamnose  from  the  Tephrosia  glucoside,  dried  in  a  vacuum 
over  sulphuric  acid,  gave  on  analysis  the  following  results: 

0-1866  gave  0-2710  COg  and  0-1310  HgO.     C  =  39-60;  H  =  7-80. 
C6H14O6  requires  0  =  39-56;  H  =  7-69  per  cent. 

The  decomposition  of  the  glucoside  into  quercetin,  rhamnose,  and 
glucose  takes  place  in  accordance  with  the  following  equation : 
C'27H3oOi6  +  3H2O  =  CigHioOy  -f  OgHjgOe  +  OcHjgOgjHgO. 

The  decomposition  was  carried  out  quantitatively,  the  quercetin 
collected  in  a  Gooch  crucible,  and  dried  at  160°: 

0-544  air-dried  glucoside  gave  0246  Oj5Hio07  =  45-22. 

^27^30016, 3H2O  requires  Ci5Hi(,07  =  45-48  per  cent. 

0-639  anhydrous  glucoside  gave  0315  Ci.r,Hi(,07  =  49-29. 
O27H3QOJC  requires  Oj5Hi„07  =  49-50  per  cent. 

Two  substances  have  been  described  which  closely  resemble  the 
Tephrosia  glucoside,  namely,  osyritrin  {Osyris  compressa)  and  rutin. 


tin,H 
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which  is  present  in  rue  (Ri/ta  graveohus)  and  other  plants. 
Whereas  the  former,  Co-H2sOig,3H20,  gives  quercetin  and  dextrose 
(Perkin,  Trans.,  1897,  71,  1134),  the  latter,  originally  considered 
by  Schunck  (Trans.,  1888,  53,  264)  to  yield  only  quercetin  and 
rhamnose,  has  been  found  by  Schmidt  {Arch,  rharm.,  1908,  246, 
214)  to  have  the  formula  C27H3oOi6,3H20,  and  to  give,  when 
hydrolysed,  quercetin,  rhamnose,  and  dextrose.  Through  the  kind- 
ness of  Mr.  A.  G.  Perkin,  a  small  sample  of  rutin  was  available  for 
comparison,  and  as  a  result  of  experiment  it  was  found  that  the 
Tephrosia  glucoside  is  identical  with  this  substance.  On  the  other 
hand,  it  is  interesting  to  note  that  Perkin  (private  communication) 
has  found  that  osyritrin  is  identical  with  rutin  [this  vol.,  p.  1776]. 

The  authors  desire  to  express  their  thanks  to  the  Managers  of 
the  Royal  Institution  of  Great  Britain  for  kindly  placing  the  equip- 
ment of  the  Davy-Faraday  Research  Laboratory  at  their  disposal 
for  completing  this  investigation,  which  was  begun  in  India ;  and  to 
Mr.  H.  Martin-Leake,  Economic  Botanist  to  the  United  Provinces 
Government,  for  kindly  identifying  and  growing  the  material  used. 

D.wy-Faeaday  Laboratory,  Research  Laboratories, 

eoyal  lvstitdtion.  department  of  agricultinir, 

L'nited  Provinces, 
India. 


CKCYll.—Cupyncitrates* 
By  Spencer  Umfreville  Pickering,  M.A.,  F.R.S. 

An  examination  of  the  double  carbonates  of  copper  and  sodium 
(Trans.,  1909,  95,  1409)  led  to  the  suggestion  that  in  those  of 
them  wherein  the  copper  is  electronegative,  it  is  present  in  the 
quadrivalent  condition  as  ICuIO,  united  directly  with  one  f  of  the 
carbon  atoms.  The  change  of  the  copper  atom  into  such  a  position 
from  that  which  it  usually  occupies  would  be  brought  about  by 
the  conversion  of  a  carboxyl  group  into  two  hydroxyls  through  the 
action  of  an  alkaline  hydroxide  (i8-compounds)  or  carbonate  (o-com- 

Some  time  lias  elapsed  since  this  paper  was  communicated  to  the  Society  (see 
'  rr>c.,  1910,  26,  17),  and  portions  of  it  have  been  so  mucli  elaborated  by  fnrthcr 
work,  that  it  has  betn  considered  advisable  to  reserve  these  for  independent 
trwtment 

t  It  wa«  originally  represented  as  being  united  to  both  the  carbon  atoms ;  but 
th»  WM  unnecessary,  and  involved  the  somewhat  unacceptable  assumption  of  the 

<0 
I  being  present  in  the  molecule. 

6  E  2 


1838  PICKERING:   CUPRICITRATES. 

pounds),  the  component  atoms  of  which  become  added  to  those  of 
the  double  salt,  as  indicated  by  the  formulae  (1),  (2)  and  (5) : 


xr  r\  />(0;Na  XT  r\  rtOH  ^ONa 

NaO-C():jj  NaO-C(^:jj  NaO-C 

NaO-COOv^p,,  I     j  I     i  I    oNa 

NaO-COO  NaO-COO  NaO-COO 

(1)  Sodiocupric  (4)  7-Cupri- 

carbonate.  (2)  /3-Cupricarbonate.  (3) /8-Cupricarbonate,  caibouate. 


NaO-C^iS^  NaO-C^ 

I  OiNa  ,0 

OuS>CO*  Cu 


Na  Na;  O  p.p)^„ 

Cu ior 


^>C0      OC<^|>Cu 


iO' 

I     

NaO-COO  NaO-COO  OOC-ONa 

(5)  a-Cupricarbonate.  (6)  o-Cupricarbonate. 

The  y-cupricarbonate  was  not  mentioned  in  the  paper  itself, 
but  some  evidence  was  given  that  the  action  of  an  alkali  could  be 
carried  a  step  further  than  the  formation  of  the  )8-compound 
(2),  the  copper,  as  well  as  the  carbon,  becoming  hydroxylised,  and 
being  then  in  the  "cuprite"  condition;  and  it  appears  now,  as 
was  suggested  in  an  addendum  to  the  paper,  that  it  was  the  y-,  and 
not  the  )8-compound,  which  was  present  in  the  deep  violet  solution 
obtained,  and  described  as  containing  the  latter,  since  there  was 
a  large  excess  of  sodium  hydroxide  present  with  it.  This  colour,  as 
well  as  the  property  of  combining  with  cellulose,  appears  to  be 
characteristic  of  copper  in  the  cuprite  condition.  Some  facts  have 
already  been  mentioned  (loc.  cit.,  p.  1427)  to  show  that  a  simple 
sodium  cuprite  may  be  obtained  by  the  action  of  sodium  hydroxide 
on  copper  oxide,  and,  also,  that  calcium  cuprites  exist,  f 

The  double  carbonate,  or  sodiocupric  carbonate,  is  obtainable  as 
a  crystallised  salt,  but  none  of  the  cupricarbonates  were  isolated, 
and  the  evidence  in  favour  of  their  existence  has  now  been  greatly 
strengthened  by  the  isolation  of  numerous  similar  compounds  in 
the  case  of  citric  acid.  The  two  cases  seem  to  be  very  strictly 
similar;    double   salts   of    analogous    composition,  exhibiting  very 

*  This' group  was  originally  represented  as  iC-^q^O,  implying  the  direct  union 

of  oxygen  atoms,  which  is  now  obviated. 

t  It  would  be  pieferable,  in  the  writer's  opinion,  to  adhere  to  the  designation 
of  cuprates,  formerly  api)lied,  for  salts  derived  from  cupric  oxide,  rather  than 
to  reserve  that  term  for  the  liypothetical  derivatives  of  CuO.^.  That  the  latter 
exist,  and  are  red  in  colour,  can  scarcely  be  accepted,  as  maintained  by  Kamsay 
(Proc,  1910,  26,  18),  on  the  strength  of  Brauner  and  Kuzma  having  obtoined  a  red 
compound  which  was  "supposed  to  contain  a  tollurocupric  acid"  {Bcr.,  1907,  40, 
3302). 
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similar  properties,  form  the  starting  point  in  both  series,  and  the 
final  products  of  the  action  of  alkalis  are  in  both  cases  violet 
compounds,  which  oxidise  dextrose  in  the  cold,  and  combine  with 
cellulose;  whilst,  in  the  case  of  citric  acid,  the  existence  of  com- 
pounds containing  potassium  in  the  condition,  both  of  hydroxide 
and  of  carbonate,  has  been  established,  by  these  being  isolated  in 
the  crystalline  condition,  and  several  other  similar  salts,  containing 
copper  in  the  place  of  the  alkali  metal,  have  been  prepared. 

In  two  particulars  a  modification  of  the  views  expressed  as  to 
the  constitution  of  the  cupricarbonates  is  suggested  by  the  results 
obtained  with  the  citrates.  Firstly,  that  the  o-compound  is 
probably  not  formed  by  the  combination  of  a  molecule  of  the 
alkaline  carbonate  with  a  molecule  of  the  double  carbonate,  as 
shown  in  (5),  but  by  the  combination  of  a  molecule  of  sodiocupric 
carbonate  with  two  molecules  of  the  double  carbonate,  as  shown 
in  (6).  Its  empirical  formula  would,  thus,  be  3[Na<,Cu(C03)2] ; 
and  that  it  does  consist  of  sodium  and  copper  carbonates  combined 
in  equal  molecular  proportions  is  in  accordance  with  the  fact 
{loc.  cit.,  pp.  1418,  1425)  that  it  is  formed  in  maximum  quantity 
when  the  reagents  are  present  in  such  proportions.  It  may  also 
be  mentioned  that  what  appears  to  be  an  analogous  compound 
containing  potassium  has  been  isolated  as  a  crystalline  salt. 
Secondly,  that  the  substance  present  in  the  solution  from  which 
the  double  salt  is  obtained  is  really  a  cupricarbonate,  with  its  copper 
in  the  electronegative  condition,  which  renders  it  possible  to 
attribute  the  formula  for  sodiocupric  carbonate  (1)  to  the  crys- 
tallised salt,  instead  of  having  to  have  recourse  to  the  view  that  it 
is  merely  a  molecular  compound. 

The  cupricitrates  descril.ed  below  are,  with  one  exception,  in  which 
the  substance  is  of  a  constitution  different  from  that  in  other 
cases,  characterised  by  certain  general  features.  Unless  the  pro- 
portion of  copper  present  in  them  is  very  large,  they  are  all 
extremely  soluble,  dissolving  in  about  a  third  of  their  weight  of 
water  at  8°.  The  solutions  are  of  an  intense  blue  colour,  though 
of  a  dirtier  tint  than  that  of  copper  sulphate;  they  can  be  con- 
centrated by  heat,  without  decomposition,  until  a  scum  begins  to 
form  on  the  very  viscid  liquid ;  but  crystallisation  often  does  not 
begin  for  many  days,  and  proceeds  very  gradually  throughout 
several  days  more,  until  the  whole  becomes  solidified,  unless  this  is 
prevented  by  the  addition  of  a  little  more  water.  Concentration  of 
the  liquid  can  be  effected  by  adding  alcohol.  The  crystals  are 
microscopic  in  size,  of  a  dead,  somewhat  light  blue  colour,  and 
soft;  on  filtration  from  the  liquid  they  form  a  putty-like  mass,  and 
can  be  purified  by  recrystallisation  only  with  great  diflBculty.    They 
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gradually  dry  at  100°  to  an  extremely  hard  mass,  but  most  of 
them  retain  some  water  at  this  temperature,  which  they  give  up 
at  140 — 150°.  The  anhydrous  compounds  are  blue  and  hygro- 
scopic. On  heating  to  a  higher  temperature  they  decompose 
quietly,  this  affording  a  convenient  means  of  analysing  them,  the 
copper  being  determined  gravimetrically  as  oxide,  and  the  potassium 
volumetrically  as  carbonate. 

Electronegative  Go-p'per. 

The  presence  of  a  deep  blue  electronegative  ion  containing  copper 
was  proved  in  the  case  of  the  cupricarbonate  by  Wood  and  Jones 
{Proc.  Gamh.  Phil.  Soc,  1907,  14,  174),  and  in  the  case  of  the 
cupritartrate  by  Masson  and  Steele  (Trans.,  1899,  75,  725)  :  the 
apparatus  devised  by  the  latter — consisting  of  two  tubes  connected 
by  a  side-tube  filled  with  agar  agar  in  brine — has  been  used  by 
the  present  writer  for  examining  the  cupricitrates,  and  it  has  been 
found  that  they,  also,  contain  a  dark  blue,  slow-moving,  electro- 
negative ion,  although,  during  the  electrolysis,  a  certain  amount  of 
a  light  blue,  more  rapidly-moving,  electropositive  ion  makes  its 
appearance,  and  results  in  a  deposition  of  some  copper  on  the 
negative  plate.  Copper  in  the  electronegative  condition  does  not, 
apparently,  attack  metallic  iron,  or  react  with  f errocyanide ;  but 
with  the  latter  reagent,  the  electronegative  copper  appears 
gradually  to  be  converted  into  electropositive,  the  red  colour 
appearing  in  a  space  of  time  varying  between  a  few  seconds  and 
many  hours.  None  of  the  cupricitrates,  except  the  one  containing 
potassium  in  the  alkaline  condition,  fail  to  react  with  ferrocyanide 
on  long  keeping ;  but  that  is  not  the  case  with  certain  other  cupri- 
compounds  examined;  potassium  cuprisaccharate,  for  instance, 
although  quite  neutral,  gives  no  trace  of  red  with  ferrocyanide, 
unless  the  solution  has  been  previously  boiled,  but  the  boiled  solu- 
tion loses  its  power  of  reacting  after  the  lapse  of  two  days. 

When  no  red  ferrocyanide  is  formed — which  is  also  the  case  if 
alkali  hydroxide  is  present,  either  free  or  as  an  integral  part  of  the 
salt — the  liquid,  if  dilute,  turns  yellow,  then  green,  and,  after  a  long 
time,  an  orange  precipitate,  or  ring  at  the  surface  of  the  liquid, 
forms,  which  is  insoluble  in  acid,  but  dissolves  in  strong  alkalis, 
being  first  converted  by  them  into  a  blue  substance.  Excess  of 
ferrocyanide  is  required  for  the  formation  of  this  compound. 

The  presence  of  free  or  combined  carbonate  does  not  interfere 
with  the  formation  of  the  red  copper  ferrocyanide. 
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Com-pounds  Obtained. 

(1)  Potassiocupric  Citrate,  (C6H507).2CuK4. — When  100  grams  of 
potassium  citrate  (C6H507K3,H20)  ^-re  dissolved  in  a  small  quantity 
of  water  on  a  water-bath  with  8  grams  of  citric  acid  and  40  grams 
of  copper  citrate — which  is  a  basic  salt,  (CeH507)2Cu3,CuO,2H20 — 
the  liquid  becomes  converted  into  a  mass  of  minute,  irregular, 
hexagonal  crystals,  which,  unlike  the  cupricitrates,  are  hard  and 
gritty,  and  often  adhere  strongly  to  the  dish.  This  substance 
continually  makes  its  appearance  when  the  reagents  are  taken  in 
proportions  other  than  those  mentioned  above,  and  also  when  no 
citric  acid  figures  amongst  them.  It  is  of  a  very  light  blue 
colour,  and  although  it  dissolves  to  a  large  extent  in  water  to  form 
a  deep  blue  solution — 100  c.c.  of  a  solution  at  8°,  containing  44 
grams  of  the  salt — it  does  so  only  very  slowly,  the  result  of  which 
is  that,  when  a  stream  of  water  is  directed  on  to  it  on  a  filter, 
the  moist  blue  substance  becomes  white  wherever  the  water  falls, 
and  then  gradually  resumes  its  blue  colour;  a  behaviour  which 
renders  it  easily  recognisable. 

After  drying  over  sulphuric  acid  or  at  100°,  various  preparations 
of  it  gave  as  a  mean: 

Found  :  Cu,  10-56  ;  K,  25-95  ;  Ratio,  1  :  4  00. 

Calculated:    Cu,  10-63;  K,  2615;  Ratio,  1  :  4. 

This  salt,  consisting  of  two  molecules  of  potassium  citrate  with 
wo  of  the  potassium  atoms  displaced  by  a  copper  atom,  is  analogous 
to  the  double  carbonate  of  potassium  and  copper,  and,  as  in  the 
case  of  the  citrate,  the  substance  can  hardly  be  represented  as  a 
molecular  compound — the  constitution  of  which  would  have  to  be 
4C6H5O7K3+  3[(C6H507)2Cu] — the  presumption  is  that  the  carbonate 
also  is  not  a  molecular  compound.  The  nature  of  the  two  sub- 
stances, and  the  similarity  of  their  behaviour  with  water,  gives 
further  support  to  this  view;  as  they  are  both  light  blue,  crystalline 
substances,  which  in  solution  form  very  dark  blue  liquids. 

That  these  liquids  cannot  be  mere  dissolutions  of  the  crystallised 
substances  is  demonstrated  in  the  case  of  the  carbonate  by  the  fact 
that  the  crystals  will  not  redissolve  in  the  mother  liquor,  and  are 
decomposed  by  water.  The  liquids,  it  is  suggested,  contain  a  cupri- 
i>mpound,  formed  by  the  addition  of  the  elements  of  water  to  the 
double  salt  in  a  manner  similar  to  that  in  which  the  alkaline 
0^upri-compound  is  formed  by  the  addition  of  the  elements  of 
KnO ;  the  citrate  would  thus  be 

(2)  A  $cupricitrate,  (CoH,,07)2K4H2CuO,  with  a  constitution 
similar  to  that  represented  by  the"  structural  formula  (3),  p.  1838. 
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The  objection  to  such  a  view  is  that  the  copper  in  the 
dissolved  substance  appears  to  be  in  the  electropositive  con- 
dition, reacting  completely  with  ferrocyanide  at  once,  or  very 
nearly  so;  this,  however,  has  been  proved  to  be  due  to  the 
electronegative  copper  being  in  a  very  labile  condition,  for,  on 
electrolysis,  it  is  found  that  the  copper,  or  the  greater  part  of  it, 
is  really  present  in  the  electronegative  ion,  just  as  in  the  case  of 
the  other  cupricitrates.  It  is  also  found  that  it  has  the  same 
colour  intensity  and  peculiarities  as  the  copper  in  these  other 
cupricitrates,  this  intensity  being  eighteen  times  that  of  the 
copper  in  copper  sulphate  (p.  1850).  In  the  case  of  the  cupri- 
carbonate,  the  presence  of  electronegative  copper  was  similarly 
demonstrated,  even  in  those  solutions  which  contained  no  excess  of 
sodium  carbonate,  and  the  reaction  of  which  with  ferrocyanide  had 
previously  led  to  the  conclusion  that  the  copper  in  them  must 
be  electropositive  (Trans.,  1909,  95,  1419).* 

(3)  Potassium  fi-ctfpricitrate,  (C6H507)2K4HKCuO,  has  not  been 
isolated  with  certainty.  On  one  occasion  a  small  crop  of  micro- 
scopic, but  comparatively  large,  crystals  was  obtained,  which  were 
strongly  alkaline,  and  contained  no  carbonate;  these  were  probably 
the  compound  in  question,  but  they  were  not  obtained  in  quantity 
sufficient  for  analysis.  On  mixing  potassiocupric  citrate  with  the 
requisite  amount  of  potassium  hydroxide,  and  concentrating  by 
exposure  over  sodium  hydroxide — an  alkaline  solution  cannot  be 
concentrated  by  heat,  as  copper  oxide  is  thereby  separated — a  clear, 
deep  blue,  and  almost  solid  syrup  was  obtained,  which  was  still 
strongly  alkaline.  After  some  months,  during  which  a  little  water 
had  been  added  several  times  to  it,  and  the  liquid  re-evaporated, 
it  gradually  became  converted  into  a  crystalline  magma,  which  was 
quite  neutral,  and  consisted  probably  of  a  mixture  of  some  of  the 
cupricitrates  described  below. 

(4)  Potassium  fi-Cujfricitrate,  (C(5H407)oK6Cu,6H20. — Luff  ob- 
tained this  salt  by  mixing  potassium  hydroxide,  copper  sulphate, 
potassium  citrate  and  citric  acid,  and  concentrating  by  shaking  up 
with  alcohol  (Zeitsch.  Ges.  Brauwesen,  1898,  21,  319).  JeflFers,  who, 
however,  has  not  published  his  results,  improved  the  method  by 
substituting  copper  acetate  for  the  copper  sulphate.  A  still  simpler 
procedure  is  to  dissolve  40  grams  of  copper  citrate  in  a  hot,  nearly 
saturated  solution  of  100  grams  of  potassium  citrate,  and  to  add 
to  it,  when  the  liquid  has  cooled  to  40 — 50°,  20  grams  of  potassium 

*  It  appears  probable  tliat  some  of  tlie  8i)ni»lo  copper  salts  of  organic  aciils  may 
have,  in  solution,  a  constitution  similar  to  that  suggested  for  the  double  citiate  iu 
solution.  It  is  remarkable  that  copi)er  acetate  does  not  act  on  iron.  Salts  of  iron 
exhibit  like  peculiarities  ;  thus,  ferric  citrate,  when  quite  neutral,  gives  no  reaction 
with  ferrocyanide. 
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hydroxide  in  very  strong  solution.  A  copious  crystallisation  occurs, 
either  at  once,  or  on  cooling,  the  crystals  consisting  of  hexagonal 
tablets,  generally  very  large,  clear  and  regular,  and  of  a  fine  violet- 
blue  colour.  They  may  be  washed  with  a  little  water  or  alcohol, 
dried  between  blotting  paper,  and  then  by  heating  at  100°  for  a 
short  time.  The  substance  cannot  be  recrystallised,  as  in  strong 
solution  it  soon  decomposes,  although  in  a  dilute  solution  (con- 
taining about  O'l  per  cent,  of  copper)  it  is  quite  stable,  even  on 
boiling.  It  is  insoluble  in  a  strong  solution  of  potassium  citrate. 
It  loses  a  little  water  very  slowly  at  100°,  and  BHoO  at  120—160°, 
forming  a  lavender-coloured  mass,  which  redissolves  in  wat^r,  pro- 
ducing a  solution  identical  in  every  respect  with  that  obtained  by 
dissolving  the  hydrated  crystals.  At  170°  it  becomes  green,  and 
on  dissolution  forms  what  is  apparently  a  green  solution,  but  this 
colour  is  due  to  the  presence  of  minutely  divided  cuprous  oxide, 
which  eventually  subsides,  leaving  a  blue  liquid.  A  similar  decom- 
position occurs  with  other  similar  cupri-compounds,  and  has  been 
misinterpreted  in  several  cases  as  indicating  the  formation  of  some 
substance  which  is  really  green. 

It  has  no  action  on  metallic  iron,  and  gives  no  red  coloration 
with  ferrocyanide,  but  the  orange  substance,  mentioned  above,  is 
gradually  formed  if  the  ferrocyanide  is  in  excess.  It  does  not 
oxidise  dextrose  in  the  cold,  but  when  boiled  with  it  for  a  few 
minutes,  cuprous  oxide  is  precipitated,  which  redissolves  slowly  after 
cooling. 

Many  preparations  of  the  salt  were  analysed,  and  all  gave  con- 
cordant results,  the.  mean  of  which  was : 

Found :  Cu,  8-09  ;  K,  2974  ;  HjO,  1410  ;  Ratio,  1  :  597  :  6-15. 

Calculated :    Cu,  8  13  ;  K,  29  99  ;  H,0,  13-82  ;  Ratio,  1:6       :  6. 

This  salt  has  been  accepted  as  being  potassium  citrate  with  copper 
substituted  for  the  hydrogen  of  the  alcoholic  hydroxyl;  but  such 
a  constitution  is  quite  inadmissible,  for  it  is  found  that  the 
potassium  present  in  it  is  in  two  different  conditions,  one  of  the 
six  atoms  being  present  as  alkaline  hydroxide.  The  alkalinity 
was  determined  with  sulphuric  acid,  using  phenolphthalein  as 
indicator,  and  evaporating  the  liquid  repeatedly  until  the  residue 
showed  no  further  red  colour  on  the  addition  of  water:  the 
mean  result  of  many  determinations  gave  0-94K  as  being  in  the 
alkaline  condition.  The  only  formula  that  appears  capable  of 
expressing  this  fact  is  the  following,  in  which  the  copper  functions 
as  in  the  case  of  the  other  cupricitrates,  but  also  acts  partly  by 
displacing  the  hydrogen  atom  in  one  of  the  alcoholic  hydroxyl 
groups,  the  formation  of  such  a  compound  being  explained  by  the 
addition  of  2K0H  to  the  molecule  of  potassio-cupric  citrate,  instead 
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of  IKOH  only,  as  in  formula  (2),  p.   1838,  which,  resulting  as  it 

would  in  the  formation  of  the  unstable  group     .'Ou*C  ' ,    gives  rise 

to  rearrangement,  with  the  liberation  of  the  elements  of  water,  and 
the  formation  of 

^(CO,K), 

VOK 


CuO 


+  SHgO. 


/3 


C3H,a(CO,K)3 

An  objection  to  this  formula  is  that  it  represents  the  presence 
of  only  five  molecules  of  water  of  crystallisation,  so  that,  of  the 
six  lost  on  drying,  one  must  be  derived  from  the  elements  composing 
the  body  of  the  molecule.  This  is  not  very  improbable,  for  on 
dehydration  at  a  temperature  a  little  above  100°,  the  water  lost 
was  found  to  be  considerably  less  than  6H2O  (5 "3  to  S'THgO  in 
various  cases),  indicating  that  all  the  water  present  is  not  on  the 
same  footing.  In  any  case,  however,  no  argument  based  on  the 
apparent  water  contents  can  counterbalance  that  depending  on 
the  alkalinity  of  part  of  the  potassium  in  the  salt. 

In  solution,  this  salt  shows  a  colour  intensity  similar  to  that  of 
the  other  cupricitrates,  but  its  colour  in  the  solid  condition,  as  well 
as  the  size,  hardness,  and  general  appearance  of  the  crystals, 
differentiates  it  entirely  from  the  latter. 

Bullnheimer  and  Seitz  (Ber.,  1900,  33,  817)  obtained  a  salt 
which  they  represent  as  consisting  of  two  molecules  of  Luff's  salt 
combined  with  one  molecule  of  a  similar  salt  with  Ko  in  place  of 
Cu ;  but  no  details  respecting  it  were  published,  and  the  writer  has 
not  at  present  succeeded  in  preparing  it. 

(5)  Potassiv/m  a-Cupricitrate ;  empirical  formula, 
[(C6H507)oCuK4]„K2Cu(C03)2. 
— ^When  a  concentrated  solution  of  potassium  carbonate  is  added  to 
copper  citrate  dissolved  in  potassium  citrate,  some  carbon  dioxide  is 
evolved,  and,  on  evaporation,  a  mass  of  microscopic,  acicular  crystals 
is  eventually  obtained.  They  are  alkaline  in  reaction,  due  to  the 
presence  of  carbonate,  not  of  hydroxide.  The  copper  present  is 
electronegative,  as  proved  by  electrolysis,  and  gives  no  reaction 
with  ferrocyanide  until  after  about  one  minute. 

Four  preparations,  made  with  various  proportions  of  reagents, 
gave  the  following  values  for  the  anhydrous  substance : 
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Found.  Calculated. 

Per  cent.  Ratio.  Per  cent.  Ratio. 

Cu    13-82  300  13-08  3 

K  (total) 28-34  10-00  2682  10 

K  (alkaline)    5-51  1-94  5-36  2 

CO,  4-92  1-55  6  04  2 

The  water  present  in  the  specimens,  after  drying  at  100°,  was 
2H2O  in  one  case,  and  about  6H2O  in  the  others. 

The  proportions  of  copper,  total  potassium,  and  alkaline  potassium 
agree  well  with  a  formula  similar  to  No.  6,  p.  1838,  representing  a 
substance  derived  from  two  molecules  of  potassiocupric  citrate 
united  by  one  molecule  of  potassiocupric  carbonate.  The  propor- 
tion of  carbon  dioxide  is  low,  1-55  instead  of  2,  due  apparently  to 
the  fact  that  some  of  the  compound  to  be  next  mentioned  is  always 
formed  with  the  o-cupricitrate,  and  cannot  be  effectually  separated 
from  it  by  recrystallisation.  In  a  preparation  which  evidently  con- 
sisted of  a  mixture  of  these  two  substances,  the  proportion  of 
alkaline  potassium  to  CO2  was  found  to  be  1 :  1'07,  which  agrees 
well  with  the  ratio  1 :  1  required  on  the  view  that  K2Cu(C03)2  is 
present  in  the  molecule. 

In  accordance  with  this  view,  it  was  found  that  potassiocupric 
carbonate  dissolved  easily  and  completely  in  a  solution  of  potassio- 
cupric citrate,  even  when  dilute,  although  the  double  carbonate  is 
entirely  decomposed  by  water.  The  product  thus  obtained  in  the 
case  of  the  citrate  was  not  examined,  but  that  obtained  in  the 
corresponding  case  of  the  tartrate  was  found  to  be  a  subst-ance 
containing  as  part  of  its  composition  the  elements  of  potassio- 
cupric carbonate,  as  here  indicated.  In  the  case  of  the  citrate,  the 
dissolution  of  the  double  carbonate  is  always  attended  by  the 
evolution  of  some  carbon  dioxide,  so  that  some  substance  other 
than  the  o-cupricitrate  must  be  formed  at  the  same  time,  thus 
creating  the  difficulty  mentioned  above  in  obtaining  the  o-cupri- 
citrate pure.  With  the  tartrate  there  is  no  such  evolution  of  gas, 
and  no  formation  of  other  substances. 

The  addition  of  alkali  hydroxide  to  the  o-cupricitrate  abstracts 
carbon  dioxide  from  it,  and  precipitates  a  basic  citrate  (No,  10, 
p.  1848),  which  dissolves  in  excess  of  alkali,  forming  a  deep  violet 
solution.  This  action  is  precisely  similar  to  that  occurring  in  the 
case  of  the  o-cupricarbonate. 

The  o-cupricitrate  often  makes  its  appearance  in  alkaline  liquids 
which  have  been  exposed  to  the  air.  From  the  liquids,  also,  which 
contained  much  potassium  carbonate,  were  obtained  on  several 
occasions  large,  acicular  crystals  of  K^COj.SHoO,  which  are  remark- 
able in  being,  unlike  the  dihydrate  and  anhydrous  salt,  non- 
hygroscopic  (Morel,  Bull.  Soc.  fran^.  Min.,  16,  7).' 
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(6)  Tetrapotassio-cupric  fi-Gupricitrate,  (C6H507)2K4Cu,CuO. — On 
the  solidification  of  solutions  of  copper  citrate  in  potassium  citrate, 
there  was  repeatedly  obtained  a  substance  closely  resembling  the 
a-cupricitrate  in  general  appearance,  but  very  different  in  crystalline 
form :  the  crystals  resembled  straight  hairs  with  truncated  ends, 
the  length  of  which  was  often  fifty  times  greater  than  the  breadth. 
They  gradually  grew  together  into  rounded  masses,  projecting  con- 
siderably above  the  liquid.  Pour  samples  on  analysis  after  re- 
crystallisation  gave : 

Cu.  K.  H2O  at  100°.  Katio. 

Found:  16-63  22-85  522  2:4-36:2-22 

Calculated:    17-82  21-92  5'06  2:4       :2 

These  values  are  not  very  satisfactory,  as  there  always  seems  to 
be  some  of  the  a-cupricitrate  present,  which  cannot  be  eliminated 
by  recrystallisation.  A  mixture  of  these  two  substances  was  re- 
crystallised  five  times,  whereby  the  relative  proportion  of  the 
o-cupricitrate  was  greatly  reduced,  although  there  was  still  a  con- 
siderable quantity  of  it  left.  Ascertaining  the  amount  of  this  from 
determinations  of  the  alkaline  potassium  and  carbon  dioxide 
present,  and  deducting  the  corresponding  quantities  of  copper  and 
potassium  from  the  totals,  the  composition  of  the  residue  was 
given  as: 

Found  :  Cu,  19-48  ;  K,  23-98  ;  Ratio,  2  :  4-01. 

Calculated:    Cu,  18-76  ;  K,  23-08  ;  Ratio,  2  :  4. 

The  ratio  here  is  satisfactory,  and  the  discrepancy  between  the 
found  and  calculated  percentages  would  be  accounted  for  by  a 
comparatively  small  error  in  the  water  determination. 

The  constitution  of  this  compound  may  be  represented  as  that  of 
a  )8-cupricitrate  similar  to  No.  3,  p.  1838,  with  the  hydrogen  atoms 
of  the  two  hydroxyls  displaced  by  an  atom  of  copper.  It  is  probable 
that  this  copper  is  quadrivalent,  and  that  two  such  molecules  are 
joined  together  by  means  of  it : 

~Q>Cu:cu<Q~, 

for  the  whole  of  the  copper  in  the  compound  appears  to  be  electro- 
negative, not  acting  on  iron,  and  giving  no  colour  with  ferrocyanide 
until  one  or  two  minutes  after  it  is  added. 

This  substance  may  also  be  obtained  by  the  decomposition  of  the 
following  compound. 

(7)  and  (8)  Dipntasain-dicupric  fi-Cupriritrale, 

(CcH507)2K2Cus^CuO. 
— When  copper  citrate  is  heated  with  a  strong  solution  of  potassio- 
cupric  citrate,  it  dissolves,  but  in  a  few  minutes  the  whole  gradually 
solidifies  to   a  light  blue,   crystalline   mass.     After  a  preliminary 
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washing  to  remove  soluble  impurities,  this  is  found  to  consist  of 
(a)  a  small  quantity  of  a  dense,  dark  blue,  scaly  deposit,  often 
adhering  firmly  to  the  dish,  and  only  suflBiciently  soluble  to  give 
a  faint  reaction  with  ferrocyanide ;  and  (&),  a  light  blue  solid, 
which,  on  washing  with  water  for  many  days,  yields  continuously 
a  solution  containing  008  to  009  per  cent,  of  copper.  Analyses 
of  both  these  solids,  and  of  the  solution  obtained  from  (b),  all  gave 
the  same  ratio  for  the  copper  and  potassium  present: 


:u 

K. 

HoO. 

3 

2  06 

0-47 

3 

2  04 

— 

3 

•     2  08 

— 

3 

:     213 

0-92 

3 

:     1-99 

0-82 

Ratio. 
Cu    : 

Dense  solid  (a)    -{ 

Light  solid  (b)     

Solution  of  (6)  evaporated -{ 

The  mean  results  for  (a)  and  (b)  gave,  for  the  anhydrous 
substance : 

Found:  On,  27-29;  K,  11-53. 

Calculated:    Cu,  28-77;  K,  1180. 

The  proportion  of  water  found  in  (a)  indicates  that  the  formula 
should  be  doubled,  as  suggested  for  the  compound  last  described, 
(6),  from  which  the  present  substance  differs  only  in  having  an 
atom  of  copper  substituted  for  two  atoms  of  potassium.  These 
latter  may  be  different  atoms  in  the  case  of  the  two  compounds 
(a)  and  (6),  thus  accounting  for  the  existence  of  two  substances 
with  the  same  formula.  It  acts,  although  very  slowly,  on  iron,  and 
gives  some  red  colour  at  once  with  ferrocyanide;  the  greater  part 
of  the  copper  in  it  appears,  however,  to  be  electronegative,  the  full 
depth  of  colour  being  developed  only  on  keeping.  The  colour- 
intensity  of  the  copper  in  the  solution  is  about  eleven  times  that  of 
copper  in  copper  sulphate.  In  all  these  respects  the  characteristics 
of  the  substance  tally  with  the  formula  suggested,  which  represents 
the  presence  of  both  electronegative  and  electropositive  copper  (see 
p.  1850). 

The  solution  of  (b)  on  evaporation  leaves  a  residue  which  is 
decomposed  by  water,  the  cupricitrate.  No.  6,  (C6H507)2K4Cu,CuO, 
passing  into  solution,*  whilst  ordinary  basic  copper  citrate  remains 
undissolved.  This  reaction  indicates  that  the  latter  substance  is 
really  a 

(9)  Copper  cupricitrate,  (CeH507)2Cu3,CuO,  forming  with  the  two 
last-described  compounds  a  series  of  cupricitrates  in  which  successive 
pairs  of   potassium  atoms   are    displaced   by    copper    atoms,    with 

This  would  probably  be  the  best  method  for  obtaining  this  compound  in  a  state 
of  parity. 
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progressive  decrease  in  solubility.  The  peculiar  lavender-blue 
colour  of  copper  citrate  indicates  that  it  is  probably  not  an  ordinary 
basic  salt. 

(10)  The  basic  copper  citrate,  (CgHg07)2Cu3,4CuO,  precipitated 
by  the  action  of  alkali  hydroxide  on  the  a-cupricitrate  (p.  1845), 
appears,  on  the  other  hand,  to  be  a  true  basic  salt.  It  is  of  a  pure 
blue  colour,  and,  unlike  the  cupricitrates,  it  loses  all  its  water  at 
100°,  and  begins  to  decompose  at  160°. 

(11)  A  Fotassio-cupric  fi-Cupi-icitrate,  (CcH507)3K5Cu2,2CuO. — 
During  the  preparation  of  one  of  the  cupricitrates,  another  sub- 
stance was  obtained  in  considerable  quantity,  consisting  of  very 
regular  lenticular  crystals,  which  were  so  small  that  they  could  not 
be  resolved  except  under  a  high  power  of  the  microscope.  Unlike 
any  of  the  other  compounds  obtained,  this  substance  is  decomposed 
slowly  by  water,  which  accounts  for  the  deficiency  of  potassium 
found  in  it  on  analysis,  the  sample  having  been  slightly  washed : 

Found  :  Cu,  22-38  ;  K,  15-55  ;  Ratio,  4  :  4-64. 

Calculated  :    Cu,  23-25  ;  K,  18-64  ;  Ratio,  4  :  5. 

It  contained  about  SHgO  at  100°,  which  it  lost  at  160°,  but  this 
could  not  be  determined  satisfactorily,  as  it  began  to  decompose 
at,  or  slightly  above,  this  temperature.  The  substance  is  probably, 
as  indicated,  similar  to  No.  6,  but  derived  from  three,  instead 
of  two,  citric  nuclei;  and  the  existence  of  such  suggests  the 
possibility  of  there  being  many  more  cupricitrates  of  complex 
character.  By  the  action  of  water  on  it,  a  nearly  insoluble  residue 
was  obtained,  which  was  found  to  be  the  cupricitrate  No.  8,  whilst 
a  blue  solution  was  obtained  containing  copper  and  potassium  in 
the  ratio  of  1 :  3,  but  whether  in  the  form  of  a  definite  compound, 
or  not,  was  not  determined. 

(12)  Potassium  y-Citpri citrate. — Attempts  to  isolate  the  deep 
violet  substance  present  in  solution,  when  excess  of  alkali  is  added 
to  any  of  the  cupricitrates,  failed.  The  liquid  decomposes  with 
the  liberation  of  cupric  oxide  when  concentrated,  either  by  heat, 
or  by  exposure  over  sulphuric  acid.  Alcohol  abstracts  the  excess  of 
alkali  from  it,  and  Luff's  salt  is  the  only  product  obtained.  The 
colour  intensity  of  the  copper  in  it  is  about  eighty  times  that  of 
copper  in  copper  sulphate,  but  increases  with  the  strength  of  the 
solution,  and  with  the  proportion  of  alkali  added.  As  regards  its 
colour,  the  precipitatibn  of  cuprous  oxide  from  it  by  dextrose  in 
the  cold,  and  its  combination  with  cellulose,  it  is  closely  similar  to 
what  has  been  described  as  the  -y-cupricarbonate,  as  well  as  to  other 
compounds  (cupritartrates,  etc.)  obtained  under  like  conditions. 

(13)  Potassio-cupric  Hydrogen  Citrate, 
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' — Oil  several  occasions  the  residual  liquid,  after  the  crystallisation 
of  some  of  the  cupri-compounds,  was  of  a  light,  greenish-blue  colour, 
especially  when  citric  acid  had  been  taken  as  one  of  the  reagents, 
and,  on  further  evaporation,  yielded  a  crop  of  fairly  large,  light 
green,  hard  crystals,  with  an  acid  reaction.  They  were  stable  in 
air,  and  began  to  decompose  at  150°.  On  analysis,  after  drying  at 
100°,  they  gave  values  agreeing  with  the  formula  given  above, 
which  represents  a  molecular  compound  of  potassio-cupric  citrate 
with  monopotassium  citrate: 

Found  :  Cu,  7  ••34  ;  K,  23-29  ;  Ratio,  1  :  5  04. 

Calculated:    Cu,  7-51  :  K,  23-10;  Ratio,  1  :  5. 

There  is  no  reason  for  regarding  this  salt  as  a  cupri-compound. 


The  Constitution  and  Colour  of  Cupri-compounds. 

The  isolation  of  so  many  cupricitrates  agreeing  in  their  pro- 
perties, and,  apparently,  in  their  constitution,  with  the  non-isolated 
sodium  cupricarbonates,  must  lend  considerable  support  to  the  views 
put  forward  as  to  the  nature  of  the  latter,  especially  when  the  salts 
isolated  Are  found  to  include  some  in  which  the  potassium  is  present 
in  the  condition  of  hydroxide  and  carbonate.  A  considerable 
amount  of  additional  evidence  has  already  been  obtained,  all  tending 
in  the  same  direction.  Thus,  several  potassium  cupricarbonates 
have  been  isolated  in  the  crystalline  condition,  and  these  agree  with 
the  formulae  suggested  for  the  sodium  salts,  and  are,  moreover, 
closely  similar  in  their  general  characteristics  to  the  cupricitrates 
here  described.  According  to  the  views  hitherto  accepted,  the 
cupricitrates  would  be  represented,  either  as  ordinary  copper  com- 
pounds with  the  metal  displacing  the  carboxylic  hydrogen,  or  as 
compounds  with  the  metal  displacing  the  hydrogen  in  the  alcoholic 
group;  according  to  the  view  now  suggested,  the  copper  is  present 
in  the  molecule  as  ICutO,  and  the  molecule  contains,  for  each 
atom  of  copper  present,  the  elements  HHO  over  and  above  those 
present  according  to   the  ordinary  views.     It   should   be   possible, 

herefore,  to  settle  between  the  rival  theories  by  determining  the 
molecular  weight  of  the  compounds.  The  smallness  of  the  dif- 
ferences to  be  measured,  and  the  difficulty  in  obtaining  the  cupri- 
citrates in  a  condition  of  sufficient  purity,  has  rendered  such 
determinations  unsatisfactory  in  their  case ;  but  other  similar  com- 

ounds  have  now  been  obtained  where  sucli  difficulties  do  not  exist, 
And  in  every  one  of  these  instances,  now  numbering  six,  the 
molecular  weight  of  the  substance  agrees  closely  with  that  required 
according  to  the  present  views. 
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In  cases  where  a  copper  atom  displaces  the  hydrogen  of  the  two 
hydroxyl  groups,  as  in  No.  6,  the  properties  of  the  substance  seem 
to  be  conclusive  against  its  being  represented  according  to  the 
hitherto  accepted  views;  for  according  to  these  it  would  either  be 
potassio-cupric  citrate  with  CuO  added  on  to  it — that  is,  an  ordinary 
basic  salt — or  potassio-cupric  citrate,  with  copper  displacing  the 
hydrogen  atoms  of  the  alcoholic  hydroxyl  groups.  Numerous  com- 
pounds, however,  have  been  obtained  with  copper  in  the  "  alcoholic  " 
portion  of  the  molecule,  and  these  are  all  essentially  different  in 
their  nature  from  this,  or  any  of  the  other  cupricitrates ;  whilst  the 
extreme  solubility  of  this  compound  must  effectually  negative  the 
view  that  it  can  be  a  basic  salt. 

The  accepted  theory  as  to  the  constitution  of  cupri-salts  affords 
no  explanation  of  the  formation  of  further  products  by  the  action 
of  excess  of  alkali  on  them,  such  as  must  exist  in  the  deep  violet 
solutions  thus  obtained  (y-cupri-salts),  or  of  the  existence  of  com- 
pounds containing  as  part  of  their  constitution  the  elements  of 
alkali  carbonates  (o-cupri-salts). 

Some  interesting  further  evidence  on  the  subject  has  been  obtained 
from  a  study  of  the  colour-intensity  of  these  and  other  copper  salts, 
to  which  a  brief  reference  only  can  be  made  here.  The  molecular 
colour-intensity  of  copper  in  salts  formed  from  strong  acids  has 
approximately  the  same  value  in  all  cases,  and  is  independent  of 
the  concentration  of  the  solution  throughout  the  wide  range  over 
which  comparison  is  possible.  Taking  this  intensity  as  unity,  that 
of  copper  salts  derived  from  weak  acids  is  much  greater,  reaching 
the  value  of  10  in  some  cases,  and  in  every  instance  it  diminishes 
as  dilution  increases,  falling  to  2  or  3  in  most  cases,  and  sometimes 
even  to  1.  With  the  cupri-compounds,  however  (Nos.  2,  4  and  6,  for 
instance),  the  colour  phenomena  are  very  indifferent,  indicating 
that  the  copper  present  must  be  in  some  peculiar  condition,  for 
the  intensity  is  as  high  as  18,  and  remains  constant  down  to 
extreme  dilution.  With  the  compound  No.  7,  p.  1846,  the  colour 
intensity,  although  still  very  high,  is  less  than  18,  and '  diminishes 
slightly  on  dilution,  this  being  quite  in  accordance  with  the  view 
that  it  is  a  cupri-compound,  but  one  containing  also  some  copper 
in  the  electropositive  condition. 

The  view  that  copper  may  act  as  a  tetrad  is  not  new,  although 
its  behaviour  as  such  receives  very  uncertain  support  from  the 
existence  of  the  oxide  CuOg.  The  extraordinary  facility  with  which 
it  enters  into  combination  with  carbon  compounds  would  receive 
some  explanation  if  its  quadrivalent  character  is  admitted,  and  its 
position  in  the  periodic  system,  which  is  in  any  case  anomalous,  can 
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afford  no  argument  against  such  a  view.  That  compounds  in  which 
copper  is  directly  united  to  carbon  should  be  explosive,  because 
copper  acetylide,  the  constitution  of  which  is  very  uncertain,  is  such 
see  Ramsay,  Proc,  1910,  26,  19),  is  an  argument  which  can 
scarcely  carry  much  weight. 

KX&V&SDZS. 
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By  Spencer  Umfreville  Pickering,  M.A.,  F.R.S. 

No  class  of  compounds  has  proved  less  attractive  to  chemists  during 
the  last  half-century  than  basic  salts;  they  have  been  accepted  as 
necessary  evils,  cropping  up  where  least  required,  and  undeserving 
of  any  hypothesis  to  explain  their  constitution.  They  are,  perhaps, 
regarded  in  a  hazy  way  as  being  analogous  to  hydrated  salts, 
although  such  a  view  can  hardly  be  maintained,  for  the  chief 
characteristics  of  hydrated  salts  are  their  solubility  and  powers  of 
crystallising,  whilst  basic  salts  are  mostly  insoluble  and  amorphous 
compounds;  in  hydrated  salts,  moreover,  the  bond  of  union  between 
the  water  and  the  salt  is,  in  all  probability,  the  oxygen  atoms, 
vhereas  in  basic  salts  it  would  appear  to  be  the  metallic  atom. 
It  is  significant  that  no  basic  salts  of  univalent  metals  are  known. 

The  want  of  interest  evinced  in  these  compounds  is  largely  due 
0  the  fact  that  there  seems  to  be  no  guiding  principle  governing  in 
their  formation,  and  that,  in  the  large  majority  of  cases,  even  their 
composition  is  a  matter  of  considerable  doubt.  This  may  be  said 
without  any  disparagement  of  the  accuracy  of  the  work  on  which 
we  have  to  depend  for  our  knowledge  respecting  them,  for  at  the 
time  when  this  work  was  done,  ideas  as  to  what  constituted  valid 
evidence  of  the  individuality  of  a  compound  were  very  different 
from  what  they  are  now.  Certainly  our  present  neglect  of  basic 
salts  ia  not  justified  by  any  inferiority  in  the  part  which  they  play 
in  chemical  changes;  for  in  many  manufactures,  in  the  operations 
of  agriculture,  and  in  geological  processes,  they  evidently  play,  or 
bave  played,  a  very  prominent  part,  and  we  can  hardly  claim  a 
satisfactory  knowledge  of  simple  salts  until  we  know  something  of 
the  numerous  progeny  of  basic  salts  to  which  they  give  rise. 

Some  light  appears  to  be  thrown  on  the  matter  by  a  study  of 
the  basic  sulphates  of  copper,  in  connexion  with  the  facts  established 
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regarding  the  cupri-salts,  for  it  is  found  that  these  basic  sulphates 
gradually  pass  by  successive  steps  from  substances  akin  to  ordinary 
copper  sulphate  to  others  wherein  the  copper  is  electronegative, 
ending  with  compounds  which  contain  no  sulphur  at  all,  and  which 
are,   apparently,  simple  cuprites. 

The  series  of  substances  formed  by  adding  different  proportions 
of  lime-water  to  copper  sulphate  have  already  been  described 
(Trans.,  1907,  91,  1989),  and  additional  evidence  respecting  them 

Substances  Precipitated  from  Copper  Sulphate  hy  Lime  Water. 
Down  to  (6)  the  liquids  all  contain  0'05  per  cent,  of  copper. 
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nil 

nilj 

— 

(3).     0-8 

fSCuO.SOs 
\  (0 -2508804) 

}     C-5 

0 

0 

nil 

nil 

nilt 

0-0073 

0-833 

Mixture    ... 

8-3 

0 

0 

nil 

\   Dirty 
t  green  i 

•v 

— 

0-867 

12-9 

0 

0 

nil 

« 



(4).     0-9 

/lOCnCSO's" 
U-3CaS04 

)„.i 

0 

0 

nil 

0-0032 

1-0 

Mixture    ... 

17-3 

0 

0 

e  C  8  days 

1      Dirty 

0 

— 

1-1 

... 

18-5 

0 

0 

-c       2    „ 

1  green  and 

n 

0-0014 

1-15 

ji 

— 

0 

0 

•^  £  1  12  hours 

f  Cn20  de- 

— 

(5).     1-2 

flOCuO.SOs" 
l3CaO,Ca504 

}  16-3 

0 

0 

ti  I  1  hour 

)   posited  2 

nil 

nil 

1-25 

15-6 

0 

Rome  * 

.5/24  hours 

■ 

nil 

— 

1-30 

>i        II 

15-8 

0 

some  * 

r.-a       3i    „ 

nil 

— 

1-35 

II        11 

13-4. 

0 

some  * 

°^^]    2i    „ 

uil 

— 

2-0 

11 

13-9 

0 

0-021 

gS  I    1  how 

CU2O  de- 

nil 

— 

5o).  3-0 

Mixture    .  , 

7-7 

0 

0-032 

a  1  „ 

posited 

'      « 

— 

3-5 

II 

.— . 

0 



^  '^  J  I, 

"S 

— 

4-0 

II 

— 

0 

— 

"Z 

— 

4-5 

It 

— 

0 

0-050  t 

— 

^ 

-    "> 

— 

(6).      25 

(CuO,2CaO) 

— 

0 

— 

— 

— 

e 

— 

(7).      50 

Cu0,3Ca0 

— 

0 

— 

— 

— 

— 

100 



0 





—       ;    H 

— 

150 

"       ■' 

— 

0 

— 

— 

—               nil 

— 

*  Not  determined.  t  That  is,  all  the  copper  dissolved, 
t  If  freshly  precipitated,  these  become  greener  and  denser. 

'  Increasing  in  amount  with  increase  of  basicity. 

-  The  amount  of  green  decreasing,  and  that  of  dejmsi'ed  oxide  increasing,  with  increase 
of  basicity. 

8  The  blackening  increasing  to  a  maximum  at  No.  4  and  then  decreasing. 

*  The  least  and  most  basic  precipitate  exhibiting  a  paitial  change  only. 

was  given  in  the  Eleventh  Report  of  the  Woburn  Experimental 
Fruit  Farm.  These  results  have  been  further  elaborated  recently, 
but  a  summary  of  them  will  be  sufficient  here. 

The  members  are  numbered  (2)  to  (7)  in  the  above  abbreviated 
table,  and  to  these  must  be  added  two  other  basic  sulphates 
obtained    by   other  means.     The   first    four  contain    some  loosely 


I 
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combined  calcium  sulphate,  but  the  amount  is  so  inconsiderable  in 
the  case  of  the  first  two  members,  that  its  presence  may  be  accidental. 
The  proportions  of  CuOrCaO  in  Nos.  6  and  7  are  uncertain; 
CuO.SCaO  seems  to  be  constant  in  composition  throughout  a  wide 
range  of  proportions  of  lime-water  added,  but  the  existence  of 
CuO,2CaO  is  doubtful ;  all  that  is  certain  is  that  some  compound  of 
the  two  oxides  with  less  calcium  than  CuO,3CaO  must  exist,  as  the 
precipitate  becomes  destitute  of  sulphate  before  it  attains  the  com- 
position of  CuO,3CaO.  All  the  liquids  after  passing  No.  4  are 
alkaline. 

Columns  III  to  IX  contain  details  as  to  the  behaviour  of  the 
various  precipitates  obtained  by  adding  increasing  amounts  of  lime- 
water  to  the  same  weight  of  copper  sulphate,  the  total  volume  of 
the  mixture  being  the  same  in  all  cases. 

When  first  formed,  whatever  be  the  proportions  taken,  the  pre- 
cipitate is  the  same  in  appearance,  being  bulky,  and  of  a  full  blue 
colour;  but  this  soon  changes  to  a  light  blue  in  the  case  of  the 
the  two  lowest  sulphates  (2  and  3),  which,  in  a  few  days,  become 
greenish-blue  and  more  dense. 

The  next  two  members  permanently  retain  their  bulky  blue 
character,  and,  even  after  being  kept  for  many  months,  occupy  four 
and  a-half  times  the  space  occupied  by  the  same  amount  of  copper 
in  the  form  of  the  less  basic  sulphates.  If  milk  of  lime,  instead  of 
"lime-water,  be  used  for  preparing  the  more  highly  basic  precipitates, 
they  are  invariably  violet,  instead  of  blue,  this  colour  being,  as  we 
have  reason  to  believe,  distinctive  of  a  cuprite. 

The  various  members  of  the  series,  after  precipitation,  may  be 
converted  one  into  the  other  by  the  addition  of  more  lime,  or  of 
more  copper  sulphate,  although  the  conversion  occupies  some  little 
time. 

In  column  III  is  given  the  relative  volume  occupied  by  the  various 
precipitates  under  similar  conditions.  This  increases  rapidly  up  to 
lOCuOjSOg,  remains  nearly  constant  to  10CuO,SO3,3CaO,  and  after 
decreasing  graduallv  for  some  distance,  begins  to  fall  rapidly.* 
The  volume  occupied  by  5CuO,S03  shows  that  it  cannot  be  a  mere 
mixture  of  the  neighbouring  compounds,  for  such  a  mixture  would 
occupy  51  volumes,  instead  of  65;  another  series,  quoted  in  the 
Woburn  Report,  illustrated  this  point  more  forcibly. 

From  column  IV  it  will  be  seen  that  the  least  basic  precipitates 
are  sufficiently  soluble  in  water  for  the  amount  of  copper  in  solution 
to  be  determined  by  f errocyanide ;  the  solubility,  however,  extends 

The  series  quoted  in  the  Wobuni  Rei>ort  were  less  complete,  and  the  rapid 
^ccrewe  was  erroneously  Uken  as  starting  at  10<3uO,SOj,3CaO. 

6  F  2 
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considerably  beyond  this  point,  as  is  shown  by  the  fact  that  the 
more  basic  liquids  act  on  iron.  Column  IX  contains  the  results  of 
strictly  comparable  experiments  wherein  iron  was  left  in  the  mix- 
tures for  two  days.  In  this  action,  copper  is  first  deposited  on 
the  metal,  and  then  the  solution  becomes  electrolysed,  hydrogen 
being  evolved  and  oxide  of  iron  formed.  This  action  goes  on  well 
beyond  the  point  (lOCuOjSOs)  at  which  the  liquids  become  alkaline. 

In  more  strongly  alkaline  liquids — beyond  10CuO,SO3,3CaO — the 
iron  gradually  becomes  dulled  by  the  formation  of  a  white  deposit 
on  it,  which  is  probably  a  ferrite.     Lime  itself  has  no  such  action. 

When  the  liquids  containing  these  precipitates  are  boiled  * 
(column  VIII),  no  change  takes  place  with  the  lower  members, 
beyond  that  of  the  solids  becoming  more  compact  and  green,  as 
they  do,  also,  on  long  keeping.  As  the  basicity  increases,  a  point 
is  reached  where  boiling  causes  blackening  of  a  portion  of  the 
precipitates,  owing  to  the  liberation  of  cupric  oxide.  With  further 
increase  in  basicity,  more  of  the  precipitate  blackens,  the  whole  of 
it  doing  so  at  10CuO,SO3;  then  the  blackening  diminishes,  and 
ceases  altogether  at  10CuO,SO3,3CaO.  At  a  further  degree  of 
basicity  another  change  begins,  this  consisting  of  the  precipitate 
becoming  violet  and  dense,  and  eventually  a  point  is  reached  where 
boiling  again  produces  no  cha-nge. 

Up  to  a  certain  point  dextrose  has  no  action,  and  does  not  affect 
the  solubility  of  the  basic  sulphate  in  the  liquid  (columns  IV* 
and  V) ;  but  when  a  certain  basicity  is  reached,  we  get,  apparently, 
a  direct  action  (column  VI),  the  precipitates  being  reduced  by  the 
dextrose  in  the  cold.  This  action  is  evidenced  by  the  precipitates 
becoming  in  part  of  a  dirty  green  colour,  due  to  the  mixture  of 
cuprous  oxide  with  the  blue  precipitate. 

When  a  further  degree  of  basicity  is  attained,  an  action  of  a 
totally  different  character  occurs;  the  copper  dissolves  in  the 
dextrose  solution  (column  V) ;  this  becomes  violet,  and,  after  being 
kept  for  a  certain  time,  turns  yellow,  owing  to  the  spontaneous 
separation  of  cviprous  oxide  (column  VI).  The  copper,  while  dis- 
solved, is  electronegative,  and  is  absorbed  by  cellulose ;  it  is  present, 
no  doubt,  as  cupridextrose. 

When  the  basic  sulphates  are  heated  to  boiling  with  dextrose  solu- 
tion, the  action  begins  one  stage  earlier,  column  VII;  the  turning 
green  of  the  undissolved  precipitate  occurs  as  soon  as  5CuO,S03  is 
passed,  and  the  next  stage  consists  of  this  same  change,  together 
with  the  dissolution   of  some  of   the  precipitate,  and  the  gradua^ 

*  They  should  have  been  prepared  some  time  before  boiling,  or  they  may  be 
anomalously. 
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deposition  of  an  increasing  amount  of  cuprous  oxide  from  the 
solution :  in  the  last  stage  the  cuprous  oxide  is  deposited  entirely 
from  the  liquid. 

The  evidence  as  to  the  individuality  of  the  various  compounds 
may  be  summarised  as  follows : 

(1)  SCuO.SOg. — A  greenish-blue  precipitate,  obtained  by  boiling 
copper  sulphate  solution  (Pickering,  Chem.  News,  1883,  47,  181). 
Also  obtained  by  Shenstone  (Trans.,  1885,  47,  375)  in  a  crystalline 
condition  by  heating  copper  sulphate  with  a  little  water  in  sealed 
tubes  at  200°;  and  by  Friedel.  Cesaro-and  Buttgenbach  found  it 
as  a  mineral.  A  series  of  experiments  was  made  to  ascertain 
whether  this,  or  any  less  basic  sulphate,  was  formed  during  the 
partial  precipitation  of  copper  sulphate  by  lime,  but  no  such 
indications  were  obtained. 

(2)  4CuO,SO3,(0-06CaSO4).— A  light  blue  precipitate,  obtained 
by  adding  to  copper  sulphate  alkalis  in  any  quantity  up  to  that 
sufficient  to  throw  down  all  the  metal ;  also  as  a  crystalline  pre- 
cipitate by  decomposing  copper  sulphate  with  an  a<:etate  (Pickering, 
loc.  cit.) ;  and  as  a  crystalline  mineral,  bronchontite.  It  turns 
green  on  keeping  or  heating. 

(3)  5CuO,SO3,(0'25CaSO4). — Similar  in  character  to  the  former. 
Its  appearance  coincides  with  the  point  (1)  at  which  the  copper 
in  solution  ceases  to  be  recognisable  by  the  ferrocyanide  test 
(column  IV  in  the  table),  (2)  at  which  cupric  oxide  begins  to  be 
liberated  on  boiling  (column  VIII),  and  (3)  at  which  cuprous 
oxide  begins  to  separate  when  heated  with  dextrose  (column  VII). 
The  volumes,  also,  show  that  it  cannot  be  a  mixture  of  the  higher 
and  lower  sulphate. 

(4)  10CuO,SO3,l-3CaSO4.— A  full  blue,  bulky  precipitate,  the 
composition  of  which  is  established  by  its  coinciding  with  the  point 
at  which  the  liquid  becomes  alkaline  when  alkali  is  added  to  copper 
sulphate;  also  by  the  action  of  dextrose  in  the  cold,  which,  as  soon 
as  this  point  is  past,  begins  to  act  on  the  precipitate,  liberating 
cuprous  oxide  from  it  (column  VI),  or,  when  boiled  with  it,  begins  to 
dissolve  some  of  the  copper  (column  VII).  The  volumes  (column 
Til)  also  indicate  its  existence. 

(5)  10CuO,SO3,3CaO,CaSO4. — Composition  proved  by  analyses 
in  former  communication,  and  also  as  being  the  point  (1)  up  to 
which  some  copper  is  still  in  solution,  as  shown  by  the  action  of 
iron  (column  IX) ;  (2)  at  which  copper  begins  to  dissolve  in  dextrose 
in  the  cold  to  form  a  violet  solution,  depositing  cuprous  oxide 
(column  VI),  and  (3)  at  which  boiling  ceases  to  liberate  cupric  oxide 
(column  VIII). 
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According  to  the  analyses  previously  quoted,  the  composition  of 
this  precipitate  remains  constant  with  increasing  amounts  of  lime, 
till  the  excess  of  the  latter  reaches  a  certain  limit  (about  the  point 
5a  in  the  table).  The  change  in  volumes  (column  III)  and  the 
results  on  boiling  (column  VIII)  also  indicate  that  some  other,  as 
yet  unidentified,  compound  makes  its  appearance  at  this  point. 

(6)  CuO,2CaO. — Composition  uncertain,  see  above. 

(7)  CuO,3CaO. — Approximate  composition  of  the  precipitate 
obtained  on  adding  from  50  to  500  CaO  to  each  molecule  of  copper 
sulphate. 

(8)  ISCuOjSOg.  —  A  precipitate  obtained  by  decomposing 
cuprammonium  carbonate  and  sulphate  with  water  (Pickering, 
Trans.,  1909,  95,  1417).     Not  fully  examined.* 

Developing  a  scheme  for  the  representation  of  these  various  sub- 
stances by  the  introduction  of  successive  CuO  groups  into  the 
molecule  of  copper  sulphate,  the  introduction  of  one  and  two  such 
groups  gives  the  members  A2  and  A3,  of  which  the  latter  is  the 
lowest  basic  sulphate  known,  and  is  really  the  orthosulphate,  the 
former  being  unknown,  but  analogous  to  the  so-called  monohydrate 
of  the  sulphate,  in  which,  there  can  be  little  doubt,  the  water  is  not 
ordinary  water  of  crystallisation.  The  introduction  of  further  CuO 
groups  would  give  the  three  members  of  the  B  series,  and  of  these 
the  first  two  have  been  isolated.  The  members  of  both  these  series 
should  all  exhibit  similar  properties,  inasmuch  as  the  copper  in 
them  is  in  the  same  condition.  This  is  the  case,  for  they  all  react 
with  iron  or  ferrocyanide,  and  are  not  decomposed  by  dextrose : 

Al.  A2.  A3. 


0  \^Cu 


Not  known 
CuSO^.  (analogous  to  CuSO^.H.O).  SCuO.SOs. 

*  It  was  suggested  (Trans.,  1907,  91,  1995)  that  10CuO,SO3,10CaO,SO;;  might 
e.\i.st ;  this  was  based  on  the  view,  wliich  is  now  unacceptable,  that  the  liigher 
members  of  the  series  were  molecular  com})Ounds  of  two  basic  sulphates  of  copper 
and  calcium,  Ihc  compound  No.  5  (with  the  calcium  sulphate  added  to  it)  being 
10CuO,SO3,4CaO,SO3. 
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Bl. 
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The  introduction  of  further  CuO  groups  may  be  effected  in  either 
of  the  ways  indicated  in  C2,  in  the  first  of  which  the  copper  is  dyad, 
and  in  the  second,  tetrad,  as  in  the  case  of  the  cupri-salts.  The 
second  member  of  this  series,  containing  two  pairs  of  such  CuO 
groups,  corresponds  with  the  next  basic  sulphate  isolated.  The 
ready  separation  of  cupric  oxide  by  heat  from  this  compound 
(column  VIII  in  the  table)  would  be  explained  equally  well  by 
either  of  the  formulae,  but  its  action  on  dextrose  (column  VII), 
analogous  to  that  of  the  cupricitrates,  seems  to  be  best  expressed  by 
the  second  formula.  Its  small  solubility,  and  feeble  action  on  iron 
(column  IX)  is  also  more  in  consonance  with  this  formula,  which 

represents   the  presence   of   only   one    _.-p  ^0     group,   whereas, 

according  to  the  first  formula,  there  are  three  such  groups  present, 
and  such  a  compound  would  be  expected  to  act  at  least  as 
energetically  as  the  members  of  the  B  series. 

By  the  further  action  of  an  alkali,  the  external  CuO  groups 
would  become  converted  into  "  cuprite "  groups,  as  indicated  in 
the  alternative  formulae  F2,  which  represent  the  next  member  of 
the  series  isolated.  Such  a  substance  would  be  analogous  to  the 
y-cupri-compounds,  and,  like  these,  it  dissolves  in  dextrose  solution, 
forming  a  blue  liquid,  from  which  cuprous  oxide  is  deposited  (column 
VII),  and  which  combines  with  cellulose.  The  basic  sulphate 
obtained  by  the  decomposition  of  cuprammonium  sulphate  fits  in 
as  the  third  member  of  this  series,  FS. 

Although  the  members  of  the  F  series  are  less  stable  in  the 
presence  of  dextrose  than  are  those  of  the  preceding  series,  in 
consequence  of  their  containing  the  cuprite  groups,  they  are  more 
stable  under  the  action  of  heat,  the  external  CuO  groups  being 
hedged  in,  as  it  were,  by  the  outlying  electropositive  element.  The 
remarkable  differences  in  behaviour  of  the  various  basic  sulphates 
on  being  heated  is  thus  explained. 

The  series  F  is  derived  from  the  series  C  by  the  introduction  of 
3M"0,  and  there  might  be  two  intermediate  series  with  M"0  and 
2M''0,  respectively.  That  some  other  compounds  exist  which  have 
not  been  isolated  is  almost  certain,  as  has  already  been  pointed  out. 

The  final  products  of  the  action  of  lime  on  copper  sulphate  seem 
to  be  simple  cuprites,  and  the  oxidising  action  of  these  on  dextrose 
is  still  more  energetic  than  that  of  highest  basic  sulphate. 

Two  members  of  the  sulphate  series,  C2  and  F2,  contain  a  con- 
siderable proportion  of  combined  calcium  sulphate;  the  presence 
of  this  can  be  explained  if  the  alternative  formulae  are 
adopted,  but    not    otherwise,  the  calcium   sulphate  becoming   an 
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orthosulphate  by  connexion  with  two  !CuO  groups  of  the  quadri- 
valent copper : 

-Cu- 
\ 
O 

\ 

7 

o 
/ 

-Cu- 

The  maximum  amount  of  sulphate  thus  capable  of  being  introduced 
would  be  two  molecules,  and  this  is  the  am.ount  a-ctually  found  when 
the  basic  sulphate  F2  is  precipitated  in  the  presence  of  excess  of 
sodium  sulphate,  its  composition  then  being 

10CuO,SO3,3CaO,2(Na2Ca)SO4 
i^oc.  cit.). 

Ferrites. 

How  far  the  explanation  which  seems  to  be  satisfactory  with  the 
copper  compounds  will  apply  to  those  of  other  metals  remains  to 
be  seen;  but,  in  the  case  of  iron,  some  evidence  has  been  obtained 
that  an  analogy  exists. 

In  a  paper  on  emulsions  (Trans.,  1907,  91,  2001)  it  was  mentioned 
that  when  ferrous  sulphate  is  precipitated-  by  excess  of  lime,  and 
churned  up  with  paraflSn,  the  greenish-black  precipitate  of  basic 
sulphate  oft-en  becomes  quite  white,  or  does  so  when  the  emulsion  is 
kept  for  some  time.  This  was  attributed  to  the  chemical  action 
of  some  impurity  in  the  oil;  but  it  has  since  been  found  that  the 
same  change  occurs,  although  much  more  slowly,  when  the  basic 
sulphate  is  left  with  milk  of  lime  only,  or  even  with  excess  of  clear 
lime-water,  decolorisation  in  that  case  requiring  many  days  to 
become  complete.  The  white  substance  retains  the  flocculent 
character  of  the  basic  sulphate,  and  remains  quite  unchanged  in 
a  closed  vessel,  but  when  exposed  to  the  air  it  very  gradually 
becomes  orange,  through  the  formation  of  ferroso-ferric  oxide.  On 
digestion  with  a  solution  of  dextrose,  a  small  portion  of  it  dissolves, 
and  in  this  the  iron  is  in  the  electronegative  condition,  as  it  gives 
no  blue  colour  with  ferrocyanide  until  acid  is  added. 

To  obtain  some  information  on  the  subject,  quantities  of  one 
litre  of  lime-water,  diluted  with  20  per  cent,  of  water,  were  mixed 
with  different  amounts  of  ferrous  sulphate,  and  left  in  closed 
bottles  for  six  weeks,  after  which  the  lime  still  in  solution  was 
determined.     In  this  way  the  molecular  proportions  of  lime  used  up 
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in  the  precipitation  of  the  iron  were  determined,  and  these  are  given 
in  the  accompanying  table.  The  proportions  of  lime  to  iron  taken 
are  also  given,  and,  as  will  be  seen,  the  lime  in  all  cases  was  in  excess. 
It  was  only  in  the  last  three  experiments  that  the  greenish-black 
basic  sulphate  became  white;  it  very  nearly  did  so  in  No.  4,  whilst 
in  No.  3  there  was  a  smaller,  but  still  considerable,  lightening  in 
colour.  Taking  the  last  three  experiments,  where  the  change  was 
complete,  the  proportion  of  lime  used  up  is  evidently  in  excess  of 
the  one  molecule  which  would  suffice  for  the  complete  decom- 
position of  the  ferrous  sulphate,  so  that  some  of  the  lime  must  have 
gone  into  combination  with  the  ferrous  oxide.  Omitting  the  last 
experiment,  as  being  uncertain  owing  to  the  very  small  proportions 
in  which  the  iron  had  to  be  taken,  the  excess  of  lime  used  is 
0'27CaO,  which  would  indicate  the  formula  of  the  compound  as 
4FeO,CaO,  if  no  sulphur  is  left  in  it;  this,  however,  was  not  the 
case,  for,  in  No.  5,  there  was  found  to  be  O'lSSSOs  present  to  each 
atom  of  iron,  and  in  No.  6,  O'OSSOs;  this  may  be  present  simply 
as  calcium  sulphate,  but,  if  it  is  combined  with  the  iron  in  the 
form  of  a  basic  sulphate,  the  proportions  of  ¥eO  to  CaO  in  the 
precipitate  would  be  less  than  the  4 :  1  mentioned  above. 

Precipitation  of  Ferrous  Sulphate  by  Lime. 

Proportions  taken.  Proportions  used  up. 

Fe  :  CaO.  Fe  :  CaO. 

1.  1  :      1-033  1  :  0*334 

2.  1   :      207  1  :  0-543 

3.  1  :      5-15  1  :  0-641 

4.  1  :  10-3  1  :  1030 
6.             1  :  25-8  1  :  1-2.32 

6.  1  :    51-5  1  :  1  311 

7.  1  :1030  1  :  1-116 

Further  work  would  be  required,  of  course,  before  the  nature 
of  the  substances  here  present  could  be  established,  but  it  is  evident 
that  ferrous  compounds  analogous  to  the  alkaline  basic  salts  of 
copper  or  to  the  cuprites  do  exist,  and  it  is  noticeable  that  their 
formation  seems  to  necessitate  approximately  the  same  large  excess 
of  alkali,  for  with  the  iron  compound  between  10  and  26  equivalents 
of  lime  to  each  equivalent  of  iron  are  required,  whilst  in  the  case  of 
copper,  about  25  equivalents  were  necessary  {he.  cit.). 

The  solubility  of  basic  metallic  salts  of  this  description  in  organic 
substances  probably  plays  an  important  part  in  their  assimilation  by 
plants. 

Harpenden. 
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The  Council  has  ordered  the  following  letter  and  report  to  be 
printed  in  the  Journal  and  Proceedings  of  the  Society : 

Imperial  College  of  Science  and  Technology, 

South  Kensington, 

London,  S.W. 
August  22nd,  1910. 
Gentlemen, 

I  beg  to  forward  the  Annual  Report  of  the  International  Com- 
mittee on  Atomic  Weights  for  1911,  to  which  I  have  appended,  by 
their  desire,  the  signatures  of  Professors  Ostwald  and  Urbain. 

The  Committee,  it  will  be  seen,  have  acceded  to  the  wish  of  the 
Council  of  the  Chemical  Society,  and  have  prepared  the  Report  in 
such  time  that  it  can  be  published  prior  to  the  commencement  of 
the  ensuing  academic  year. 

Slight  changes  have  been  made  in  the  atomic  weights  of  argon, 
helium,  krypton,  lithium,  neon,  phosphorus,  platinum,  strontium, 
vanadium,  and  xenon,  but  otherwise  the  new  table  remains  very 
much  as  in  1910. 

I  have  the  honour  to  be,  Gentlemen, 

Your  obedient  servant, 

T.  E.  THORPE. 
To  the  Hon.  Secretaries, 
The  Chemical  Society, 
Burlington  House, 
London,  W. 

Report  of  the  International  Committee  on  Atomic  Weights,  1911. 

In  the  autumn  of  1909  the  Council  of  the  Chemical  Society  of 
London  voted  unanimously  in  favour  of  issuing  the  annual  report 
of  the  International  Committee  on  Atomic  Weights  in  September  or 
October  instead  of  in  January  as  heretofore.  In  that  proposition 
the  Chemical  Society  of  France  has  concurred,  and  American 
sentiment  has  also  been  favourable  to  the  suggested  change.  There- 
fore the  change  is  now  made. 

The  reasons  offered  for  the  new  policy  are  very  simple.  First,  the 
school  year,  at  least  in  most  educational  institutions,  begins  in  the 
autumn.     It  is  desirable  that  teachers  should  then  have  the  latest 
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table  of  atomic  weights  at  their  command,  in  order  to  avoid  changes 
after  school  work  has  begun.  Secondly,  publishers  of  text-books 
are  accustomed  to  issue  their  new  works  in  the  autumn,  and  often 
request  early  information  as  to  changes  which  are  likely  to  be 
made.  The  proposed  change  in  the  time  of  issuing  the  table  is 
therefore  an  aid  to  teachers,  students,  and  publishers,  and  no  dis- 
advantage to  anyone  else.  The  immediate  usefulness  of  the  table 
is  increased,  and  to  attain  that  end  should  be  the  main  purpose 
of  the  Committee. 

Since  the  preparation  of  the  report  for  1910,  a  number  of 
important  memoirs  upon  atomic  weights  have  appeared.  The 
results  obtained  are,  in  brief,  as  follows : 

Chlorine. — The  density,  composition  by  volume,  and  compressi- 
bility of  hydrochloric  acid  have  been  measured  by  Gray  and  Burt 
(Trans.,  1909,  95,  1633)  with  great  care.  From  the  density  and 
volumetric  composition,  when  H  =  l"00762,  Cl  =  35'459.  From  the 
density  and  compressibility,  CI  =  35*461.  The  mean,  35'460,  is  the 
value  given  in  the  annual  table  of  atomic  weights  for  the  past  two 
or  three  years. 

The  density  of  hydrochloric  acid  has  also  been  determined  by 
Scheuer  (Zeitsch.  'physikcd.  Ghem.,  1909,  68,  575),  who  gives 
measurements  made  under  varying  conditions.  His  final  con- 
clusion, based  upon  his  own  work  after  comparison  with  that  of  Gray 
and  Burt,  is  that  CI  =  35-466. 

Lithium. — Richards  and  Willard  {J.  Amer.  Chem.  Soc,  1910,  32, 
4),  in  their  important  research  upon  the  atomic  weight  of  lithium, 
measured  three  distinct  ratios,  namely,  silver  to  lithium  chloride, 
silver  chloride  to  lithium  chloride,  and  lithium  perchlorate  to 
lithium  chloride.  From  these  ratios,  without  the  intervention  of 
any  others,  the  following  independent  values  for  three  atomic 
weights  are  obtained : 

Li  =  6 -939, 
01  =  35-454. 
Ag  =  107-571. 

The  value  for  silver  varies  from  the  accepted  value,  107-88,  by 
about  one  part  in  12,000,  which  is  probably  less  than  the  actual 
uncertainty.  That  for  chlorine  diverges  more  widelv,  namely,  by 
about  one  part  in  6000.  The  new  figures  are  undoubtedly  entitled 
to  great  weight,  but  in  view  of  the  excellent  work  done  by  others 
it  would  be  unwise  to  make  any  hasty  change  in  the  table.  For 
lithium,  however,  the  value  6-94  may  be  taken,  replacing  the  old 
7-00. 

Strontium. — Thorpe  and  Francis  {Proc.  Boy.  Soc,  1910,  83,  A 
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277),  in  their  determinations  of  the  atomic  weight  of  strontium, 
measured  six  ratios,  and  obtained  the  following  results : 

Ratio  •2Ag  to  SrBrj    Sr  =  87-645 

2AgBrtoSrBr2    ,,=87-653 

„       2AgtoSrCl2    „  =87-642 

,,       2AgCltoSrCl2     ,,=87-645 

,,       SrBrjtoSrSOj ,=87  6-29 

„       SrCLjtoSrSOj ,,=87-661 

Mean  of  all Sr=87-646 

The  value  adopted  by  the  authors  is  87-65.  Richards's  figure  is 
87-62.     An  intermediate  value,  87-63,  is  adopted  in  the  new  table. 

Phosphorus. — Atomic  weight  redetermined  by  Baxter  and  Jones 
(7.  Amer.  Chem.  Soc,  1910,  32,  298).  From  the  ratio  between 
silver  and  silver  triphosphate,  the  authors  find  P=:  31*043,  when 
Ag  =  107-88.     The  rounded-off  figure  31-04  is  to  be  adopted. 

Vanadium. — From  the  ratio  between  silver  chloride  and  vanadyl 
trichloride,  Prandtl  and  Bleyer  (^Zeitsch.  anorg.  Chem.,  1910,  65, 
152)  find  V  =  50*963  and  51-133  in  two  series  of  experiments.  In 
a  later  paper,  Prandtl  and  Bleyer  (Zeitsch.  anorg.  Chem.,  1910, 
67,  257),  also  from  analyses  of  vanadyl  trichloride,  find  V  =  51-061. 
From  reductions  of  VgOj  to  VoOg,  they  found  V  =  51-374.  The 
latter  method,  however,  they  regard  as  uncertain.  The  value 
V  =  51*06  may  be  provisionally  adopted. 

Tellurium. — Marckwald  and  Foizik  {Ber.,  1910,  43,  1710;  see 
also  Browning  and  Flint,  Amer.  J.  Sci.,  1909,  [iv],  28,  347,  who 
adduce  evidence  to  show  that  tellurium  is  possibly  complex),  by  .a 
somewhat  complex  volumetric  process,  based  on  the  oxidation  of 
TeOo  by  KMnO^,  conclude  that  Te  =  12761.  This  agrees  with 
many  of  the  other  recent  determinations  of  the  constant,  but  is  not 
sufficiently  exact  to  supplant  the  value  given  in  the  table. 

Rhodium. — Two  inaugural  dissertations  upon  the  atomic  weight 
of  rhodium  have  been  issued  from  Gutbier's  laboratory  at  Erlangen. 
Renz  reduced  rhodium  pentamine  bromide  in  hydrogen  and  found 
Rh  =  102-92.  H.  Dittmar  (reproduced  in  Sitzungsher.  phgs.  med. 
■'^oz.  Erlangen,  40,  184),  by  similar  reductions  of  the  correspond- 
ing chloride,  found  Rh  =  102-93. 

Platinum. — The  very  elaborate  investigation  of  Archibald  (Proc. 
Hoy.  Soc.  Edin.,  1909,  29,  721)  upon  the  atomic  weight  of  platinum 
was  based  upon  analyses  of  the  chloroplatinates  and  bromoplatinates 
of  potassium  and  ammonium.  In  all,  28  ratios  were  measured, 
giving  values  for  Pt  ranging  between  19519  and  195-25.  Their 
arithmetical  mean  gives   Pt  =  195-22.     Archibald,  however,  in   his 
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final  discussion,  uses  only  12  ratios,  giving,  in  mean,  Pt  =  195"23. 
The  figure  195 '2  is  given  in  the  table. 

The  Inert  Gases. — The  densities  and  molecular  weights  of  helium 
and  neon  have  been  redetermined  by  Watson  (Trans.,  1910,  97, 
810).  For  the  atomic  weights  he  finds  He  =  3-994  and  Ne  =  20-200. 
In  another  paper  {ibid.,  97,  833)  he  applies  the  critical  constants 
of  krypton  and  xenon  to  their  densities  as  determined  by  Moore, 
and  finds  Kr  =  82-92  and  Xe  =  130-22.  There  are  also  new  deter- 
minations of  the  density  of  argon  by  Fischer  and  Hehnel  (Ber., 
1910,  43,  1435).  Their  mean  value,  referred  to  0  =  16,  is  19-945, 
a  figure  rather  higher  than  that  given  by  Ramsay  and  Travers.  It 
corresponds  to  an  atomic  weight  of  A  =  39-89. 

It  is  also  to  be  noted  that  a  third,  revised  edition  of  Clarke's 
"  Recalculation  of  the  Atomic  Weights  "  has  recently  been  published 
by  the  Smithsonian  Institution. 

The  annual  table  of  atomic  weights  for  1911  follows,  with  but 
few  changes  from  that  of  the  preceding  year. 

F.  W.  Clarke. 

W.    OSTWALD. 

T.  E.  Thorpe. 

G.  Urbain. 
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1911. 

International  Atomic    Weights. 


0  =  16. 

Alamiuium Al  271 

Antimony Sb  1202 

Argon A  39'88 

Arsenic     As  7496 

Barium Ba  13737 

Bismuth   Bi  208-0 

Boron    B  H'O 

Bromine    Br  79'92 

Cadmium Cd  112-40 

Gesiam Cs  132-81 

Calcium Ca  40  09 

Carbon 0  12  00 

Cerium Ce  140-25 

Chlorine   CI  35-46 

Chromium    Cr  52-0 

Cobalt  Co  58-97 

Columbium Cb  935 

Copper Cu  6357 

Dysprosium Dy  1625 

Erbium Er  1674 

Europium Eu  152-0 

Fluorine   F  19  0 

Gadolinium Gd  1573 

Gallium    Ga  699 

Germanium  Ge  725 

Gluciuum Gl  91 

Gold Au  197-2 

Helium He  399 

Hydrogen H  1008 

Indium In  114-8 

Iodine  I  12692 

Iridium Ir  1931 

Iron  Fe  5585 

l^rypton    Kr  829 

Lanthanum La  139-0 

Le*«l Pb  207-10 

Lithium    Li  694 

Lutecium Lu  174-0 

Magnesium  Mg  24-32 

Manganeae   Mn  54-93 

Mercury    Hg  2000 


0  =  16. 

Molybdenum    Mo  96  0 

Neodymium Nd  144-3 

Neon Ne  20-2 

Xickel  Ni  58  68 

Nitrogen  N  14-01 

Osmium    Os  1909 

Oxygen O  16-00 

Palladium Pd  1067 

Phosphorus  P  3104 

Platiuum Pt  1952 

Potassium K  39-10 

Praseodymium Pr  1406 

Pvadium Ra  226-4 

Rhodium  Kh  102-9 

Rubidium Rb  85-45 

Ruthenium  Ru  101  7 

Sauiarium  :.... Sa  150-4 

Scandium Sc  44-1 

Selenium  Be  79-2 

Silicon  Si  28  3 

Silver    Ag  107*88 

Sodium., Na  2300 

Strontium    Sr  87-63 

Sulphur    S  32-07 

Tantalum Ta  181  0 

Tellurium Te  127  5 

Terbium    Tb  1592 

Thallium Tl  2040 

Thorium   Th  2320 

Thulium   Tm  1685 

Tin    Su  1190 

Titanium  Ti  481 

Tungsten W  1840 

Uranium  U  2385 

Vanadium V  5106 

Xenon   Xe  130-2 

Ytterbium  (Neoyttcrbium)  Yb  172  0 

Yttrium    Y  890 

Zinc  Zn  65-37 

Zirconium Zr  90  -6 
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CXCIX. —  Optically  Active  Salts  of  A-OximinoaycXo- 
hexanecarhoxylic  Acid  and  the  Configuration  of 
the  Oximino- Group. 

By  William  Hobson  Mills  and  Alice  Mary  Bain. 

The  theory  which  Hantzsch  and  Werner  put  forward  {Ber.,  1890, 
23,  11)  to  account  for  the  isomerism  of  the  oximes  provides  so 
satisfactory  and  consistent  an  explanation  of  the  facts  that  it  has 
received  practically  universal  acceptance.  The  fundamental  assump- 
tion, however,  on  which  this  theory  is  based — namely,  that  in  the 
oximino-group  the  three  valencies  of  the  nitrogen  atom  are  not  in 
one  plane — has  rested  up  to  the  present  on  indirect  evidence  only. 

It  seemed  to  us  that  it  might  be  possible  to  put  this  hypothesis 
to  direct  experimental  test  by  investigating  an  oximino-compound 
so  constituted  that  its  molecule  would  possess  a  plane  of  symmetry 
or  not  according  as  the  oximino-group  has  a  plane  or  a  trihedral 
configuration. 

This   condition   is   fulfilled  by   compounds  of  the  type: 

^>c:c:noh, 

which  might  be  regarded  as  oximes  of  the  unsymmetrical  ketens  : 

'^>c:co. 

A  molecule  of  the  configuration  (I)  is  clearly  superposable  on  its 
mirror-image,  whilst  one  of  configuration  (II)  is  not. 

ah  ah 

C  C 


(I.)        C  (ID      C 

<>  <> 

N  N 

I  \ 

OH  OH 

In   these   diagrams   the  dotted  lines  are  intended    to    indicate 
valencies  lying  behind  the  piano  of  the  paper,  while  valencies  in 

front  of  it  aie  represented  by  thick  lines. 
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A  substance  of  configuration  (II)  stands  in  close  relationship  to 
allene  derivatives  of  the  type: 

«>c:c:c<°, 

the  molecular  asymmetry  of  which  was  first  pointed  out  by  van't  Hoff 
in  1875  {La  Chimie  dans  I'E space,  p.  29),  for,  provided  that  the 
oximino-group  has  the  configuration  assumed  by  Hantzsch  and 
Werner,  it  can  be  substituted  for  one  of  the  carbon  atoms  of  such 
an  allene  compound,  as  shown  in  the  diagram,  without  destroying 
the  asymmetry  of  the  molecule: 


The  preparation  and  manipulation  of  a  compound  of  this  type 
would  doubtless  offer  even  greater  difficulties  than  those  which 
have  hitherto  prevented  the  experimental  realisation  of  van't  Hoff's 
prediction  in  its  original  form  (see  Dimroth  and  Feuchter,  Ber., 
1903,  36,  2238;  Lapworth  and  Wechsler,   Trans.,  1910,  97,  38). 

These  difficulties  can,  however,  be  avoided  by  means  of  the  same 
device  as  has  been  successfully  employed  by  Perkin  and  Pope 
(Trans.,  1908,  93,  1075;  Perkin,  Pope,  and  Wallach,  Trans.,  1909, 
95,  1789;  compare  Marckwald  and  Meth,  Ber.,  1906,  39,  lljl) 
in  order  to  obtain  a  compound  (methylcyc/ohexylidene-4-acetic  acid) 
which  reproduces  the  essential  spatial  characteristics  of  the  allene 
derivatives  without  having  their  instability — that  is,  by  the  expan- 
'^lon  of  the  two-membered  ethylene  ring  into  the  hexamethylene 
ling.  In  place  of  keten  oximes,  one  then  has  the  oximes  of  sub- 
stituted ryc/ohexanones  of  the  types  : 

S><S::^S:>co      ^:>c<«H::gg:>co. 

If  the  three  valencies  of  the  nitrogen  atom  in  the  oximino-group 
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are  not  in  one  plane,  then  the  oxime  of  such  a  ketone  must  consist 
of  an  equimolecular  mixture  of  two  enantiomorphous  forms: 

RE'  R     R' 

c  c 


C  G 

<>  <> 

N  N 

\  / 

OH  HU 

If,  on  the  other  hand,  they  are  in  one  plane,  these  oxiraes,  like 
the  ketones  from  which  they  are  derived,  will  have  a  plane  of 
symmetry,  and  will  therefore  be  incapable  of  exhibiting  optical 
activity.  Hence,  if  a  compound  of  such  constitution  can  be  obtained 
in  an  optically  active  condition,  it  will  follow  as  a  necessary  con- 
sequence that  the  three  valencies  of  the  nitrogen  atom  in  the 
oximino-group  do  not  lie  in  one  plane. 

In  order  to  facilitate  resolution,  it  is  desirable  that  the  substance 
should  contain  the  carboxyl  group.  The  simplest  compound  of  the 
necessary  type  is  therefore : 


H^^^CH./CH2\^^.^p^-rT 


This  is  the  oxime  of  the  important  fycZohexanone-4-carboxylic 
acid  which  was  synthesised  by  W.  H.  Perkin,  jun.  (Trans.,  1904, 
85,  416),  and  served  as  the  basis  of  his  well-known  syntheses  of 
terpin,  terpineol,  and  dipentene  (Trans.,  1904,  85,  654).  It  has 
also  been  obtained  by  Lumsden  (Trans.,  1905,  87,  87)  by  the 
reduction  of  anisic  acid.  It  is  shown  in  the  present  communication 
that  this  oximino-acid  (or  rather  its  salts)  is,  in  fact,  capable  of 
existing  in  two  enantiomorphously  related  forms,  the  separation  of 
wl^ch  has  been  effected  with  the  aid  of  morphine  and  quinine. 

If  a  molecular  proportion  of  morphine  is  added  to  the  ethyl- 
alcoholic  solution  of  the  acid,  a  morphine  salt  separates  which 
contains  a  dextrorotatory  form  of  the  acid,  for  on  decomposing  it 
with  excess  of  ammonia  and  suitably  removing  the  morphine,  the 
ammonium  salt  which  remains  in  the  solution  is  strongly  dextro- 
rotatory. The  ammonium  salt  prepared  in  this  manner  has  a 
molecular  rotation  [MJj,  in  aqueous  solution  varying  from  about 
50°  to  60°  in  different  preparations.  By  means  of  quinine  the 
corresponding  laevorotatory  ammonium  salt  has  similarly  been 
obtained^  the  salt  which  the  /-acid  forms  with  the  alkaloid  being  in 
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this  case  the  more  sparingly  soluble  of  the  two  diastereoisomerides. 
This  laevorotatory  ammonium  salt  has  a  molecular  rotation  of 
[MJd  —70°  to  -80°  in  aqueous  solution;  the  separation  eflFected 
by  quinine  is  thus  more  complete  than  that  attained  with  the  aid 
of  morphine.  The  activity  of  these  salts  is  evanescent,  and  its  rate 
of  disappearance  falls  off  in  accordance  with  the  unimolecular 
formula,  the  velocity  constants  being  very  different  for  different 
salts  of  the  acid.  The  rate  of  racemisation  is  greater,  in  the  salts 
investigated,  the  weaker  the  base  from  which  the  salt  is  derived, 
and  the  presence  of  an  excess  of  alkali,  which  in  so  many  cases 
accelerates  racemisation,  here  greatly  retards  it,  while  acidification 
causes  the  rapid  disappearance  of  the  rotatory  power.  Thus  the 
morphine  salt  of  the  </-acid  when  dissolved  in  water  shows  muta- 
rotation,  obviously  on  account  of  the  rapid  diminution  of  the 
dextrorotation  due  to  the  acid,  the  period  of  half-change  being  about 
one  minute.  For  an  approximately  0"2T-solution  of  the  ammonium 
salt  in  water,  the  time  of  half  racemisation  is  thirteen  minutes,  and 
for  the  sodium  salt  under  similar  conditions  twenty-four  minutes. 
The  presence  of  ammonia  in  3'/10-concentration  increases  the  per- 
sistence of  the  activity  of  the  ammonium  salt  approximately  forty- 
fold,  raising  the  period  of  half -change  to  85  hours,  and  a  corre- 
sponding addition  of  sodium  hydroxide  to  the  solution  of  the  sodium 
salt  has  a  still  greater  relative  effect  on  the  rate  of  racemisation, 
lengthening  the  period  of  half-change  from  twenty-four  minutes  to 
twenty-two  hours. 

The  rapid  racemisation  of  the  salts  of  the  acid  with  weak  bases 
renders  intelligible  the  results  observed  in  preparing  the  morphine 
and  quinine  salts  from  the  inactive  acid.  In  the  case  of  the  latter 
salt,  for  example,  the  crystals  which  separate  yield  a  laevorotatory 
ammonium  salt  after  decomposition  with  ailimonia  and  removal 
of  the  quinine,  but  there  is  no  corresponding  amount  of  quinine 
fl-acid  salt  in  the  mother  liquor,  the  solution  of  ammonium  salt, 
obtained  after  removal  of  the  quinine  from  the  latter,  being  quite 
inactive.  However,  on  concentration  of  the  mother-liquor,  another 
crop  of  quinine  /-acid  salt  is  deposited  of  similar  activity  to  the  first, 
and  so  on.  The  behaviour  of  the  morphine  salt  is  analogous — not 
only  the  first  crystallisation,  but  also  the  subsequent  crops  obtained 
on  concentration  of  the  alcoholic  mother  liquor  all  yield  solutions  of 
dextrorotatory  ammonium  salt  after  removal  of  the  morphine. 

The  process  therefore  appears  to  be  one  of  activation  rather  than 
of  simple  resolution,  and  recalls  the  behaviour  of  the  methylethyl- 
propyl  tin  (/-camphorsulphonate  and  bromocamphorsulphonate 
described  by  Pope  and  Peachey  (Proc,  1900,  16,  42,  116). 

It  seemed  inevitable   from  the  foregoing  that  any  attempts  to 
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isolate  the  optically  active  forms  of  the  acid  itself  would  be  unsuc- 
cessful. It  was  therefore  necessary,  in  order  to  make  these  experi- 
ments as  conclusive  as  possible,  to  obtain  some  definite  proof  that 
the  substances,  to  which  these  optically  active  solutions  owe  their 
rotatory  power,  are  indeed  the  normal  ammonium  salts  of  dextro- 
and  Igevo-rotatory  forms  of  oximinocycZohexane-4-carboxylic  acid. 
This  was  done  by  treating  the  active  solutions  with  an  aqueous 
solution  of  silver  nitrate.  The  substances  thus  precipitated,  from 
the  dextro-  as  well  as  from  the  laevo-rotatory  solutions,  were  found 
to  be  normal  silver  salts  of  this  acid  in  analytically  pure  condition. 
Further,  they  were  optically  active,  for  on  treating  them  with  an 
aqueous  solution  of  sodium  chloride,  the  solutions  of  sodium  salt 
obtained  were  respectively  dextro-  and  lasvo-rotatory,  the  rotations 
observed  corresponding  with  molecular  rotations  [Mjp  74"5°  and 
*-79'9°  respectively. 

These  results  show  conclusively  that  the  salts  of  this  oxime-acid 
are  capable  of  existing  in  two  enantiomorphously  related  forms. 
Moreover,  the  evanescent  character  of  the  optical  activity  makes  it 
certain  that  their  molecular  asymmetry  is  determined  in  some 
manner  by  the  oximino-group.  It  remains  to  be  considered 
whether  any  method  of  accounting  for  the  asymmetry  is  possible 
other  than  that  indicated  at  the  beginning  of  this  paper. 
Apparently  the  only  other  hypothesis  by  which  it  might,  at  first 
sight  perhaps,  appear  explicable  is  that  the  compound  can  exist  in 
the  two  tautomeric  forms  (III)  and  (IV),  and  that  the  optically 
active  salts  are  derived  from  the  latter,  which  contains  an  ordinary 
asymmetric  carbon  atom : 

C0,H.CH<gH3:CHp^.^  CO,H.CH<gg^:Jif  >C.NH  . 

OH  OH 

(III.)  (IV.) 

This  explanation,  however,  cannot  be  maintained.  If  the  active 
compound  has  the  formula  (IV),  it  is  a  ;3-substituted  hydroxyl- 
amine,  and  must  possess  the  power  of  reducing  Fehling's  solution, 
which  is  characteristic  of  compounds  of  this  class.  A  comparison  of 
the  behaviour  of  an  active  solution  in  this  respect  with  that  of 
acetoxime  on  the  one  hand,  and  of  /3-phenylhydroxylamine  on  the 
other,  showed  that  although  its  reducing  power  was  slightly  greater 
than  that  of  acetoxime,  it  was  of  an  altogether  different  order  from 
that  of  phenylhydroxylamine,  and  it  is  quite  certain  that  no 
appreciable  quantity  of  a  )8-sub3tituted  hydroxylamine  could  have 
been  present  in  the  solution. 

The  conclusion  therefore  seems  unavoidable  that  the  molecular 
asymmetry,  to  which  these  salts  owe  their  optical  activity,  is  deter- 
mined by  the  peculiar  configuration  of  tlio  doubly  linked  tervalent 
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nitrogen  atom.  They  accordingly  constitute  a  new  type  of  optically 
active  substances ;  and  through  their  optical  activity  a  direct  experi- 
mental proof  is  afforded  that  the  three  valencies  of  tervalent 
nitrogen,  however  they  may  be  disposed  in  a  compound  of  the  type 

l^(—b,     are  directed  in  the  oximino-group,  as  was  postulated  by 

Hantzsch  and  Werner,  along  the  three  edges  of  a  trihedral  angle. 

These  substances  may  also  possess  a  certain  interest  in  that  they 
provide  another  example  of  compounds  of  which,  like  d-  and 
^-inositol,*  and .  d-  and  Z-l-methykyc/ohexylidene-4-acetic  acids 
(Perkin,  Pope,  and  "Wallach,  loc.  cit.),  the  molecular  asymmetry  is 
more  fittingly  defined  with  reference  to  the  configuration  of  the 
molecule  as  a  whole  than  expressed  in  terms  of  the  presence  of  some 
'■'  asymmetric  atom." 

Experimental. 

The  fyc?ohexanone-4-carboxylic  acid  employed  for  the  preparation 
of  the  oxime  the  properties  of  which  form  the  subject  of  this  com- 
munication, was  synthesised  according  to  the  method  described  by 
W.  H.  Perkin,  jun.  (loc.  cit.),  and  Kay  and  Perkin  (Trans.,  1906,  89, 
1640).  The  acid  was  converted  into  its  oxime  by  mixing  its  solution 
in  ten  parts  of  absolute  alcohol  with  one  molecular  proportion  of 
hydroxylamine  hydrochloride  dissolved  in  about  an  equal  volume 
of  the  same  solvent,  and  adding  one  molecular  proportion  of 
anhydrous  sodium  acetate.  After  three  days  an  equal  volume  of 
dry  ether  was  added,  the  precipitated  sodium  chloride  was  removed, 
and  the  solution  then  evaporated,  finally  in  an  exhausted  desiccator. 
The  oximino-acid  was  extracted  from  the  solid  residue  in  a  Soxhlet 
apparatus,  and  purified  by  recrystallising  from  dry  ether  in  the 
same  manner.  It  separates  from  ether  in  crystalline  crusts,  melting 
at  148 — 1485°,  and  otherwise  agreeing  with  Perkin's  description 
{loc.  cit.). 

Quinine  Salts    of    Oximinocjc\ohexane-A-carhoxylic    Acid. 

A  quinine  salt  containing  a  preponderance  of  the  laevorotatory 
form  of  the  acid  may  be  obtained  by  heating  the  solution  of  the 
inactive  acid  in  30  parts  of  water  with  21  parts  (slightly  more 
than  one  molecular  proportion)  of  anhydrous  quinine,  the  small 
excess  of  quinine  being  removed  by  filtration  of  the  hot  licjuid. 
The  salt  separates  on  cooling,  usually  in  hemispherical  clusters  of 

The  configuration  of  the  active  inositols  was,  apparently,  first  given  in  Stereo- 
ehemie  (van't  HofT-Meyerhoffer,  1892),  p.  91  ;  see  also  Bouveault,  Bull.  Soc.  ehim,, 
1894,  [iii],  11,  145. 
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fine  needles.     After   being   air-dried,    it  contains    2|  molecules    of 
water  of  crystallisation  : 

1-2756  air-dried  salt  lost  0-1070  U^O.     HgO^S-SG. 

1-0693  „         „       „     0-0894  HgO.     H20  =  8-36. 

Co7H3505N3,2^H20  requires  H20  =  8-56  per  cent. 

Under  the  above  conditions,  approximately  80  per  cent,  of  tlie 
total  quantity  of  salt  crystallises  out.  Recrystallisation  can  be 
conveniently  effected  from  10  part's  of  hot  water. 

The  investigation  of  the  optical  activity  of  the  acid  component  of 
the  salt  was  carried  out  by  placing  a  weighed  quantity  of  the  salt 
(0-3  to  0-5  gram)  in  a  small  separating  funnel,  and  adding  10  c.c.  of 
an  aqueous  solution  of  sodium  or  ammonium  hydroxide  of  such 
concentration  that  the  amount  of  alkali  left  after  decomposition 
of  the  salt  would  give  an  approximately  iT/10-solution.  The  quinine 
was  then  completely  removed  by  extracting  three  times  with  chloro- 
form, 12 — 15  c.c.  of  chloroform  being  used  for  each  extraction.  The 
alkaline  solution  of  the  sodium  or  ammonium  salt  was  then  filtered, 
and  after  washing  the  separating  funnel  and  filter  with  successive 
small  quantities  of  i\'^/10-sodium  or  ammonium  hydroxide,  as  the 
case  might  be,  the  mixed  filtrate  and  washings  were  examined 
polarimetrically.  For  example,  0-66  gram  of  air-dried  quinine  salt 
was  treated  with  an  aqueous  solution  (10  c.c.)  of  0-12  gram  of 
sodium  hydroxide.  After  proceeding  in  the  above  manner,  the 
following  polarimetric  observation  was  made,  the  final  volume  of 
the  aqueous  solution  being  14-00  c.c. : 

1  =  2,  c*  =  1-606,  aj,  -1-47°,  [M]^  -81-9°. 

On  examination  of  the  various  preparations  of  quinine  salt  in 
this  manner,  it  was  found  that  the  sodium  or  ammonium  salts 
obtained  from  them  possessed  molecular  rotations  lying  for  the  most 
part  between  [M]jj  -  70°  and  [Mjj,  -  80°. 

It  was  naturally  useless  to  attempt  to  obtain  the  optically  pure 
quinine  Z-acid  salt  by  repeated  recrystallisation  in  the  usual  way, 
since  it  is  clear  from  the  observations  described  below  (pp.  1880, 
1881)  that  even  with  the  most  rapid  working  it  must  be  impossible 
to  avoid  racemising  the  salt  extensively  with  regard  to  its  acid 
component  every  time  that  it  is  brought  into  solution.  The  con- 
ditions were  rather  to  be  sought  under  which  the  pure  salt  would 
crystallise  out  directly  free  from  its  diastereoisomeride.  These 
should  presumably  be  such  as  would  secure  that  the  rate  of 
racemisation  should  be  a  maximum  compared  with  that  of  crys- 
tallisation, since  in  this  manner  the  concentration  of  quinine  /-acid 

*  The  concentrations  given  throughout  this  paper  refer  to  the  sodium  or  am- 
mo!iium  salt  present  in  the  solution  exaniined.  They  arc  calculated  from  the 
amount  of  quinine  or  other  salt  taken. 
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salt  would  be  kept  as  higli,  and  that  of  quinine  c^-acid  salt  as  low  as 
possible  during  the  crystallisation.  Accordingly,  it  was  endeavoured 
to  diminish  the  rate  of  crystallisation  by  slow  cooling  and  accelerate 
that  of  ra^iemisation  by  acidification,  and,  in  fact,  although  the 
experiments  in  this  direction  are  not  complete,  the  salt  of  highest 
activity  (with  regard  to  the  acid  component)  hitherto  observed 
was  obtained  by  crystallisation  from  a  solution  somewhat  strongly 
acidified  with  acetic  acid,  the  sodium  salt  prepared  from  it  having 
given  the  following  numbers : 

1  =  2,  c  =  0-727,  a^  -0-74°,  [U]^  -91-0° 

In  preparing  the  quinine  /-acid  salt  from  inactive  acid,  it  is  found 
that  the  excess  of  the  dextrorotatory  form  of  the  acid,  which  should 
be  present  in  the  mother  liquor  in  order  to  correspond  with  the 
excess  of  the  laevorotatory  form  removed  from  the  solution  in  com- 
bination with  quinine,  has  disappeared,  for  the  mother  liquor  (at 
any  rate  if  a  short  time  is  allowed  to  elapse  before  its  separation 
and  examination)  contains  the  quinine  salt  of  the  inactive  acid 
only,  since  after  the  addition  of  a  small  excess  of  sodium  hydroxide 
solution  and  removal  of  the  quinine  by  chloroform,  the  solution 
of  sodium  salt  obtained  is  inactive.  On  concentrating  the 
mother  liquor,  the  second  crop  of  quinine  salt  obtained  contains 
again  an  excess  of  the  Z-acid  salt.  For  example,  after  converting 
32  grams  of  inactive  acid  into  quinine  salt  in  the  manner  described 
above,  the  crop,  which  crystallised  directly,  weighed  8'5  grams 
(about  80  per  cent,  of  the  total  quantity  of  salt  produced)  and  gave 
rise  to  sodium  salt  of  molecular  rotation  [Mjj,  —  71'5°  (c  =  0"731). 
The  second  crop,  obtained  by  concentrating  the  mother  liquor, 
weighed  096  gram  (another  10  per  cent,  of  the  total  quantity  of 
salt),  and  gave  rise  to  sodium  salt  of  molecular' rotation  [Mjj,  —  819° 
(c  =  1-607). 

These  results  are  clearly  due  to  the  racemisation  phenomena 
which  have  already  been  mentioned.  Of  the  two  diastereoisomeric 
quinine  salts,  that  of  the  /-acid  must  be  the  less  soluble  in  water, 
and  thus  crystallises  first  from  an  aqueous  solution  containing  equal 
quantities  of  the  two  salts.  The  excess  of  quinine  ^Z-acid  salt  thereby 
left  in  solution,  however,  racemises  very  rapidly,  so  that  in  spite 
of  the  removal  of  the  quinine  /-acid  salt,  an  approximate  equality 
is  maintained  between  the  quantities  of  the  two  salts  in  the  solution. 
An  excess  of  the  quinine  /-acid  salt  is  accordingly  deposited 
throughout  the  process  of  crystallisation. 

In  our  earliest  experiments  (Proc,  1909,  25,  177)  the  quinine 
Z-acid  salt  was  obtained  by  combining  the  inactive  acid  with  quinine 
in  ethyl  acetate  solution  and  allowing  crystallisation  to  take  place 
from  that  solvent.     This  procedure  was  abandoned,   since   it  was 
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found  that  this  salt  could  be  obtained  more  rapidly  and  certainly, 
and,  moreover,  in  a  state  of  higher  optical  activity,  by  using  water 
as  solvent.  These  experiments  were,  however,  of  some  interest, 
since  by  means  of  them  not  only  the  quinine  Z-acid  salt,  but  also 
in  some  cases  a  salt  containing  a  preponderance  of  the  diastereo- 
isomeric  quinine  d-acid  salt  was  obtained.  Thus,  in  one  experiment, 
5'4  grams  of  quinine  (anhydrous)  were  dissolved  in  300  c.c.  of  dry 
ethyl  acetate,  and  to  the  boiling  solution  2" 61  grams  (one  molecular 
proportion)  of  the  finely  powdered  acid  were  added.  The  quinine 
salt  formed  separated  very  slowly.  After  five  days  it  was  collected, 
and  a  portion  dried  in  a  vacuum  was  polarimetrically  examined  in 
solution  in  ethyl  acetate,  racemisation  taking  place  in  this  solvent 
far  more  slowly  than  in  water  or  in  alcohol: 

1  =  2;  c  =  1-6512;  a}^  -3-24°;  [af^  -98-1°. 

Since  the  specific  rotation  in  ethyl  acetate  of  the  quinine  salt  of 
the  inactive  acid  (prepared  by  dissolving  0"2732  gram  of  anhydrous 
quinine  and  0'1324  gram  of  the  acid  in  25  c.c.  of  ethyl  acetate) 
was  found  to  be  as  follows : 

1  =  2;  c  =  1-6224;  a'^  -4-28°;  [a]^  -131-9° 

the  acid  component  of  the  salt  was  clearly  markedly  dextro- 
rotatory. On  recrystallisation  of  this  preparation  from  ethyl 
acetate,  some  of  the  dextrorotatory  power  was,  however,  lost,  the 
specific  rotation  having  risen  to  [aj^  — 106'5°.  The  dextrorotatory 
ammonium  salt  obtained  from  this  quinine  salt  was  examined  with 
the    following  result : 

1  =  2,  c  =  0-947,  a^  0-44°,  [M]j,  40-4°. 

These  results  recall  the  interesting  observations  recently  made 
by  McKenzie  and  Clough  (Trans.,  1909,  95,  783)  on  the  crys- 
tallisation of  the  morphine  salt  of  phenylchloroacetic  acid,  a  given 
ethyl-alcoholic  solution  of  morphine  (1  mol.)  and  r-acid  (2  mols.) 
depositing  either  morphine  c?-acid  or  morphine  /-acid  salt,  according 
to  the  exact  conditions  under  which  crystallisation  takes  place. 

Silver  1 :  A-Oximinocyc\ohexanecarhoxylate. — To  the  solution  of 
ammonium  /-acid  salt,  obtained  by  adding  a  solution  of  0"348  gram 
of  ammonia  in  14  c.c.  of  water  to  6" 61  grams  of  quinine  /-acid  salt, 
and  removing  the  quinine  by  extracting  with  chloroform,  an  aqueous 
solution  of  2-75  grams  of  silver  nitrate  was  added.  The  dense 
precipitate  of  silver  salt  thus  produced  was  collected,  thoroughly 
washed  with  water,  rapidly  passed  out  on  a  porous  tile,  and  then 
dried  for  five  days  over  sulphuric  acid  in  an  exhausted  desiccator, 
the  whole  of  the  operations  being  carried  out  in  non-actinic  light. 
2-20  Grams  of  silver  salt  were  thus  obtained  in  the  form  of  a  white 
powder,  which  apparently  can  be  preserved  indefinitely  if  protected 
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from  light.  On  being  gently  heated,  it  decomposes  almost 
explosively,  but  if  mixed  with  a  large  proportion  of  powdered  cupric 
oxide,  its  analysis  presents  no  special  difficulty: 

0-3860  gave  0*4542  CO.,  and  0-1368  H^O.     0=3209 ;  H  =  3-94. 

0-2783     „  13-35  c.c.  No  at  24°  and  760  mm.     N  =  5-37. 

0-2978     „     0-1616  AgCl.     Ag  =  40-85. 

C-HioOgNAg  requires  C  =  31-82;  H  =  3-79;   N"  =  5-30; 
Ag  =  40-90  per  cent. 

This  silver  salt  is  too  sparingly  soluble  to  allow  of  its  rotatory 
power  being  measured  directly.  It  was,  however,  possible  to 
demonstrate  its  optical  activity  by  converting  it  into  sodium  salt 
and  determining  the  rotatory  power  of  the  latter.  Dry  silver  salt 
(08901  gram)  was  digested  with  7  c.c.  of  an  aqueous  solution 
of  sodium  chloride  containing  4-4  grams  of  sodium  chloride 
and  0-4  gram  of  sodium  hydroxide  in  100  c.c,  the  sodium 
hydroxide  being  added  in  order  to  check  the  racemisation 
of  the  dissolved  sodium  salt,  which  proceeds  rapidly  in  neutral 
solution  (see  p.  1877).  The  resulting  solution  was  decanted  from 
the  solid  residue  through  a  filter,  the  residue  repeatedly  extracted 
in  the  same  way  with  successive  small  quantities  of  the  alkaline 
solution  of  sodium  chloride,  and  the  total  filtrate  polarimetrically 
examined : 

1  =  1,  c  =  0-4065,  Oj,  -3-82"^,  [M]j,  -79-9°. 

Morphine  d-OjciminocycloheTane-A-carboxylate.  —  When  equi- 
molecular  proportions  of  morphine  and  oximinocyc^ohexane- 
4-carboxylic  acid  are  mixed  in  hot  ethyl-alcoholic  solution,  the 
sparingly  soluble  morphine  salt  which  separates  contains  a  pre- 
ponderance of  the  dextrorotatory  form  of  the  acid.  5-8  Grams  of 
the  acid,  dissolved  in  50  c.c.  of  absolute  alcohol,  were  added  to  a 
hot  solution  of  11*19  grams  of  morphine  in  200  c.c.  of  the  same 
solvent.  The  salt  (14-04  grams)  was  gradually  deposited,  on  cooling, 
in  rosettes  of  small  prisms.  It  can  be  recrystallised  from  about 
30  parts  of  boiling  absolute  alcohol.  It  can  also  be  recrystallised 
from  methyl  alcohol,  but  it  is  very  sparingly  dissolved  by  ethyl 
acetate,  chloroform,  or  other  common  organic  solvents,  although 
Easily  soluble  in  cold  water.  The  optical  activity  of  the  acid 
component  of  the  salt  was  examined  in  a  manner  similar  to  that 
employed  in  the  case  of  the  quinine  salt.  The  very  finely  powdered 
salt  was  treated  with  an  aqueous  solution  of  so  much  ammonia  as 
to  leave  an  approximately  decinormal  solution  of  the  latter  after 
the  decomposition  of  the  salt.  The  separated  morphine  was  then 
removed  by  filtration,  and  washed  with  successive  small  quantities 
of  a  iV^/ 10- aqueous  solution  of  ammonia.  The  filtrate  and  washings 
were  freed  from  dissolved  morphine  by  repeated  extraction  with 
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their  own  volume  of  chloroform,  and  then  polarimetrically  examined. 
2'6  Grams  of  morphine  salt  digested  with  a  solution  (8"4  c.c.)  con- 
taining 0'114  gram  of  ammonia  and  treated  in  this  manner  gave  a 
solution  which  was  examined  in  the  polarimeter  with  the  following 
result : 

1  =  2,  c  =  1-2,1,  Oj,  5-43°,  [M]d  64-6°. 

The  salt  racemises  as  regards  its  acid  component  very  rapidly  in 
alcoholic  solution.  It  is  therefore  not  possible  to  obtain  the  more 
soluble  morphine  Z-acid  salt  from  the  mother  liquor  after  the 
crystallisation  of  the  less  soluble  d!-acid  salt.  On  concentration  of 
the  mother  liquor,  the  crystals  which  separate  still  contain  an 
excess  of  the  latter  salt.  Also,  the  degree  of  separation  of  the 
two  diastereoisomeric  salts  attained  depends  greatly  on  the  exact 
conditions  under  which  crystallisation  takes  place.  Different  crops 
of  crystals  examined  in  the  manner  described  above  gave  ammonium 
salts  of  the  following  molecular  rotations:  [MJ^  43°,  48°,  64-6°, 
50°,  68°,  52°,  53-5°. 

Silver  di-OxhninocycXohexane-A-carhoxylate.  —  Finely  powdered 
morphine  salt  (6  grams),  which  had  been  twice  crystallised  from 
alcohol,  was  treated  with  an  aqueous  solution  (8'8  c.c.)  containing 
0253  gram  of  ammonia.  The  separated  morphine  was  removed  in 
the  manner  already  described,  and  the  resulting  solution,  after 
having  been  polarimetrically  examined: 

1  =  2,  c  =  16-634,  Oj,  9-57°,  [W\^  50-1°, 

was  treated  with  an  aqueous  solution  of  2'55  grams  of  silver  nitrate. 
The  silver  salt  was  collected,  washed,  and  dried  exactly  as  in  the  case 
of  the  silver  salt  of  the  Z-acid.  It  weighed  2*38  grams,  and  was 
analysed  with  the  following  results : 

0-3961  gave  0-4623  COo  and  0-1387  HgO.     C  =  31-83;  H  =  3-89. 

0-4968     „  21-75  c.c.  N.  (moist)  at  14°  and  759  mm.     N  =  5-14. 

0-4876     „     0-2652  AgCl.     Ag  =  40-94. 

CyHjoOgNAg   requires    C  =  31-82;    H  =  3-79;    N  =  5-30; 
Ag  =  40-90  per   cent. 

A  portion  of  the  same  preparation  (10019  grams),  on  treatment 
with  an  alkaline  solution  of  sodium  chloride  as  described  in  the  case 
of  the  silver  salt  of  the  Z-acid,  gave  a  solution  of  dextrorotatory 
sodium  salt,  which  was  polarimetrically  examined,  with  the  following 
result : 

?=  2  ;  c  =  4  85-23  ;  aj,"  268°  ;  [M]l«  49-4°. 

Dextrorotatory  silver  salt  of  higher  activity  was  subsequently 
obtained  from  a  solution  of  ammonium  salt  of  molecular  rotation 
[M]j,  646°  (c  — 731)  made  from  a  preparation  of  morphine  salt 
(2-6  grams),  which  had  been  four  times  recrystallised  from  alcohol. 
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On  treatment  with  silver  nitrate,  this  gave  0917  gram  of  silver  salt, 
06151  gram  of  which  was  converted  into  sodium  salt  in  the  manner 
described.  The  rotatory  power  of  the  resulting  solution  was  as 
follows : 

1  =  2,  c  =  2-979,  Ou  2-48°,  [M]i,  74-5°. 

Reducing  Power  of  the  O'ptically  Active  Sodium  Salt. — For  reasons 
given  in  the  introduction  (p.  1870),  it  appeared  desirable  to  compare 
the  reducing  power  of  an  active  solution  of  the  sodium  salt  of  the 
oximino-acid  towards  Fehling's  solution  with  that  of  /3-phenyl- 
hydroxylamine  on  the  one  hand  and  that  of  acetoxime  on  the 
other. 

162  Grams  of  quinine  Z-acid  salt  were  treated  with  a  solution 
(15  c.c.)  of  02  gram  of  sodium  hydroxide,  and  the  separated  quinine 
was  removed  by  extraction  with  chloroform.  For  comparison  with 
the  solution  of  the  sodium  salt  of  the  ?-oximino-acid  in  i\'/10-sodium 
hydroxide  thus  obtained,  solutions  of  equimolecular  quantities  of 
phenylhydroxylamine  (0'37  gram)  and  of  acetoxime  (0*246  gram) 
in  15  c.c.  of  iV/10-sodium  hydroxide  were  prepared.  The  three 
solutions  were  respectively  added  at  20°  to  three  quantities  of 
Fehling's  solution,  each  containing  1  gram  of  crystallised  copper 
sulphate  {\'2  mols.),  5  grams  of  Rochelle  salt,  \b  grams  of  sodium 
hydroxide,  and  60  grams  of  water.  The  solution  to  which  the 
phenylhydroxylamine  had  been  added  was,  of  course,  completely 
reduced  in  a  few  seconds.  The  other  two  were  kept  well  stoppered 
for  twenty-four  hours  in  a  thermostat  at  20°,  and  the  small 
quantities  of  cuprous  oxide  which  had  been  precipitated  in  each 
were  collected  and  their  respective  amounts  determined : 

Precipitated  by  acetoxime  :  0013  gram  CugO  ;  0*065  atom  Cu. 

Precipitated  by  sodium  salt  of  oximino-acid:  00316  gram  CujO  ; 
01 32  atom  Cu. 

The  reducing  power  of  the  sodium  salt  of  the  oximino-acid  in 
alkaline  solution  is  therefore,  as  was  to  be  expected,  of  the  same 
order  of  magnitude  as  that  of  acetoxime,  and  of  an  altogether 
different  order  from  that  of  phenylhydroxylamine.  There  is  there- 
fore no  reason  to  suppose  that  the  hydroxylamine  residue  contained 
in  these  optically  active  salts  possesses  a  constitution  different  from 
that  usually  assigned  to  it  in  the  ketoximes. 

The  Racemisation  Phenomena. 

The  Sodium  Salt. — A  solution  of  laevorotatory  sodium  salt  free 
from  excess  of  alkali  was  prepared  by  digesting  active  silver  salt 
^th  a  slight  excess  of  an  aqueous  solution  of  sodium  chloride. 
240  Grams  of  quinine  /-acid  salt  (giving  sodium  salt  of  molecular 
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rotation  [M]u  —  76*3°,  c  =  0'633)  were  converted  into  ammonium 
salt  in  the  manner  already  described,  and  the  weakly  ammoniacal 
solution  of  the  ammonium  salt  thus  obtained  was  treated  with  an 
aqueous  solution  of  silver  nitrate  (0"935  gram).  The  precipitated 
silver  salt,  after  having  been  carefully  washed  free  from  ammonia, 
was  digested  while  still  moist  with  an  aqueous  solution  (20  c.c.)  of 
0*292  gram  of  sodium  chloride.  After  thirty  seconds,  the  solution 
of  sodium  salt  thus  obtained  (which  would  be  approximately 
0"2-normal,  and  would  also  contain  the  slight  excess  of  sodium 
chloride  used)  was  filtered  as  rapidly  as  possible  from  silver  chloride 
and  examined  in  a  2-dcm.  tube.  The  rotation  was  seen  to  diminish, 
the  diminution  taking  place,  as  is  shown  in  the  accompanying  table, 
in  accordance  with  the  unimolecular  formula.  The  temperature  was 
20-4° : 


t  (niins.). 

Rotation. 

l/tlogal{a-x) 

0  0 

-1-44° 

— 

2-75 

1-34 

0-011 

5-85 

1-22 

0-012 

10-40 

1-08 

0-012 

15  0 

0-94 

0-012 

20-3 

0-80 

0-013 

257 

0-67 

0-013 

35-9 

0-51 

0-013 

47-3 

0-36 

0-013 

Taking  0"0125  as  the  value  of  the  constant,  the  period  of  half- 
change  is  twenty-four  minutes. 

Sodiiiin  Salt  in  Presence  of  Sodium  Hydroxide. — The  solu- 
tion on  which  the  observations  were  made  was  prepared  in  the 
following  manner.  2-50  Grams  of  quinine  Z-acid  salt  were  treated 
with  an  aqueous  solution  (10  c.c.)  of  0'246  gram  of  sodium  hydroxide. 
The  liberated  quinine  was  removed  with  chloroform,  and  the 
separating  funnel  washed  with  small  quantities  of  iV/10-sodium 
hydroxide  solution.  The  resulting  solution  was  placed  in  a  2-dcm. 
tube,  which  was  kept  between  the  observations  in  a  thermostat  at 
20°.  The  rotation  was  found  to  be  continually  decreasing,  again 
in  accordance  with  the  unimolecular  formulae,  but  very  much  more 
slowly  than  in  the  previous  experiment. 


t  (hours. ). 

Rotation. 

]/dogrt/(a-a:) 

0-0 

-3-42" 

— 

1-96 

3-20 

0-0147 

3-95 

3-00 

00144 

5-66 

2-85 

00140 

7-75 

2-66 

00141  ■ 

9-88 

2-49 

00140 

21-62 

1-71 

0-0139 

24-24 

1-57 

0-0139 

26-75 

1-44 

0-0140 

29-75 

1-33 

0-0138 

46-23 

0-79 

0-0138 
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Taking  the  value  of  the  constant  to  be  00139,  the  time  of  half- 
change  is  2r7  hours — fifty-four  times  as  great  as  that  for  the 
sodium  salt  in  neutral  solution.  The  concentration  of  the  sodium 
hydroxide  was  determined  after  the  polarimetric  observations  were 
finished  by  titrating  10  c.c.  of  the  solution  with  T/10-sulphuric 
acid,  using  phenolphthalein  as  indicator.  It  was  thus  found  to  be 
0098-normal.  The  concentration  of  the  sodium  salt,  calculated 
from  the  quantity  of  quinine  salt  taken,  was  0"32-JV'. 

Ammonium  Salt. — An  approximately  0'2-iV-solution  of  laevo- 
rotatory  ammonium  salt  was  prepared  by  a  method  exactly 
analogous  to  that  employed  in  the  case  of  the  sodium  salt.  The  same 
quantity  of  quinine  ^acid  salt  (2'4  grams)  was  converted  into 
ammonium  salt  (the  molecular  rotation  of  which  was  [Mjj,  —  72"8°, 
'•  =  5'674)  and  the  silver  salt  obtained  from  it  by  precipitation  with 
silver  nitrate  was  digested  with  a  solution  of  0'267  gram  of 
ammonium  chloride  in  20  c.c.  of  water.  The  resulting  solution  of 
laevorotatory  ammonium,  salt  was  observed  as  rapidly  as  possible  in 
a  2-dcm.  tube,  the  temperature  being  18"5°.  The  rate  of  diminution 
of  the  rotation  was  approximately  twice  as  great  as  in  the  corre- 
sponding solution  of  sodium  salt: 


i  (niins.). 

Rotation. 

\[t\ogal{a-x] 

0-0 

-1-72' 

— 

1-87 

1-56 

0-023 

3-43 

1-43 

0-023 

4-73 

1-34 

0-023 

6-47 

1-23 

0  023 

7-62 

1-15 

0-023 

913 

1-08 

0-022 

10-58 

0-99 

0-023 

12-37 

0-90 

0-023 

14-55 

0-77 

0-024 

17-35 

0-68 

0  023 

21-83 

0-55 

0-023 

25-77 

0-42 

0  024 

39-65 

019 

0-024 

The  constant  0023  corresponds  with  a  period  of  half-change  of 
131  minutes. 

Ammonium  Salt   in  presence  of  Ammonium  Hydroxide. — These 

bservations  were  made  on  a  dextrorotatory  solution  prepared  from 
30  grams  of  morphine  ^/-acid  salt  by  digestion  with  8- 18  c.c.  of  a 
normal  solution  of  ammonia,  the  morphine  being  removed  in  the 
manner  described  by  filtration  and  extraction  of  the  filtrate  and 
washings  with  chloroform.     The  final  volume  was   14*5   c.c.     The 

xcess  of  ammonia  present  could  not  readily  be  determined,  but  the 
above  quantities  were  adjusted  so  as  to  give  an  approximately 
iV/10-solution.     The  concentration  of  the  ammonium  salt  calculated 

I  om  the  quantity  of  morphine  salt  used  was  0'47-iV.     The  solution 
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was  placed  in  a  2-dcm.  tube,  and  kept  between  the  observations 
in  a  thermostat  at  20°: 


t  (hours.). 

Rotation. 

l/t]oga/(a 

0-0 

6-00° 

— 

1-66 

4-36 

0-0358 

2-47 

408 

00358 

3-57 

3-73 

00356 

4-73 

3-39 

0  0357 

5-83 

3-12 

00351 

6-72 

2-89 

0  0354 

8-30 

2-54 

0  0354 

The  mean  value  of  the  constant  (00355)  corresponds  with  a 
period  of  half-change  of  8*48  hours.  The  rate  of  racemisation  of 
the  ammonium  salt  is  therefore  thirty-nine  times  less  in  the  presence 
of  this  excess  of  ammonium  hydroxide  than  under  the  conditions  of 
the  previously  described  experiment. 

Mutarotation  of  the  Morphine  d-Acid  Salt  in  Aqueous  Solution. — 
The  morphine  salt  is  readily  soluble  in  cold  water.  If  the  aqueous 
solution  is  polarimetrically  examined  as  soon  as  possible  after  its 
preparation,  its  laevorotatory  power  is  found  to  be  quickly  increasing. 
The  change  is,  however,  rapidly  completed  (practically),  and  after 
about  seven  minutes  no  further  alteration  in  the  rotation  is  to  be 
detected.  If  the  solution  is  now  decomposed  by  the  addition  of  a 
slight  excess  of  ammonia  and  the  morphine  removed,  the  resulting 
ammonium  salt  is  quite  inactive.  The  mutarotation  is  therefore 
due  to  the  racemisation  of  the  acid  component  of  the  salt. 

One  gram  of  finely  powdered  morphine  salt,  giving  ammonium 
salt  of  molecular  rotation  [Mj^  5r7°  (c  =  0*844)  was  added  to  20  c.c. 
of  water.  As  soon  as  most  of  the  salt  had  dissolved,  the  solution 
was  filtered,  and  its  rotatory  power  observed  in  a  2-dcm.  tube,  the 
first  observation  being  completed  1*75  minutes  after  first  wetting 
the  salt.     The  temperature  was  265° : 


t  (mins.). 

Rotation. 

A. 

A  (calc 

0  0 

-7-13"' 

0-54° 

'    — 

103 

7-41 

0-26 

0-27' 

1-91 

7-50 

017 

0-15 

2-72 

7-58 

0  09 

0  09 

4-77 

7-66 

0-01 

0  02 

6  70 

7-66 

0  01 

0  01 

1213 

7-67 

0-00 

0  00 

00 

7-67 

— 

— 

Under  A  are  given  the  differences  between  the  rotations  observed, 
and  the  value  finally  attained.  The  numbers  in  the  last  column 
are  calculated  by  means  of  the  unimolecular  formula,  k  being  taken 
as  029,  corresponding  with  a  period  of  half-change  of  104  minutes. 
They  agree  with  the  observed  differences  within  the  limits  of 
experimental  error. 
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The  Mutarotation  of  the  Quinine  Salts  of  the  d-  and  l-Acids. — 
The  quinine  salts  are  not  sufficiently  soluble  in  water  to  allow  of 
satisfactory  observations  being  made  in  that  solvent,  and  although 
they  possess  a  high  solubility  in  alcohol,  when  brought  into  conta<;t 
with  it  they  form  gummy  masses,  which  pass  comparatively  slowly 
into  solution.  In  the  case  of  each  salt,  therefore,  0'8  gram  was  first 
finely  ground  up  with  6  c.c.  of  ethyl  acetate,  and  12 — 14  c.c.  of 
absolute  alcohol  then  added  to  the  mixture,  when  solution  took 
place  very  rapidly.  The  solutions  thus  obtained  were  filtered  and 
observed  in  a  2-dcm.  tube,  the  temperature  being  20°  in  each  case. 
The  quinine  ^acid  salt  used  was  a  sample  which  gave  sodium  salt  of 
molecular  rotation  [M]j)  — 67"3°  (c=^0"731),  the  quinine  c?-acid  salt 
gave  ammonium  salt  of  molecular  rotation  [M]u  404°  (c  =  0947). 

Quinine  d-Oximinocyc\ohexane-  Quinine  \Oximinocye\oIiexatie- 

Acarbozylate.  4  carhoxijlate. 


t  (niins.). 

Rotation. 

A. 

A  (calc. ). 

t  (mins. ) 

,  Rotation. 

A. 

A  (calc. 

0  0 

-916'' 

o-u° 

0-46° 

0-0 

-11-70° 

0-89° 

— 

30 

9-35 

0-25 

0-24 

21 

11-37 

0  56 

0-55 

3-7 

9-38 

0  22 

0-20 

31 

11-23 

0-42 

0-44 

5  0 

9-47 

013 

015 

5-2 

11-03 

0-27 

0-27 

9-6 

9-56 

004 

•0  05 

6-4 

10-98 

0-17 

0-20 

15-3 

9  60 

0  00 

0  01 

79 

10-96 

0-15 

0-14 

20-4 

9  59 

001 

0-00 

9-8 

10-92 

Oil 

0-09 

00 

9  60 





125 

10  87 

0-06 

0-05 

21-7 

10-82 

001 

0-01 

00 

10-81 

— 

— 

The  laevorotation  was  seen  to  increase  in  the  case  of  the  quinine 
d-SLcid  salt  and  to  diminish  in  that  of  the  quinine  ^acid  salt,  the 
rate  of  change  agreeing  (within  the  probable  limits  of  error  of 
the  single  rapidly  made  observations)  with  that  calculated  from 
the  uniraolecular  formula  when  the  velocity  constant  is  taken  as 

01  in  each  case,   corresponding   with   a  period  of  half-change  of 
three  minutes. 

The  character  of  the  differences  among  the  velocity  constants 
observed  in  these  experiments  might  suggest  that  the  rate  of 
racemisation  of  the  salts  was  connected  with  their  degree  of 
hydrolysis  in  the  different  solutions  investigated — that  the  non- 
hydrolysed  portion  of  the  salt  racemises  very  slowly,  and  that  the 
observed  loss  of  activity  is  mainly  brought  about  through  the 
rapidly  racemising  free  acid  present  in  larger  or  smaller  proportion 
according  to  the  degree  of  hydrolysis.  It  would  appear,  however, 
that  this  simple  hypothesis  is  inadequate,  for  whereas  the  rates  of 
racemisation  in  the  aqueous  solutions  of  the  sodium  and  ammonium 
salts  investigated  were  found  to  be  approximately  in  the  ratio  of 

2  to  1,  the  relative  proportions  of   free  acid  present   in   the   two 
solutions,  calculated  from  the  dissociation  constants  of  water  and 
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ammonia,  were  of  the  order  of  100  to  1.  Other  factors  must 
therefore  probably  be  taken  into  account.  For  example,  it  is  con- 
ceivable that  the  interconversion  of  the  d-  and  Z-modifications 
should  take  place  through  an  iso-oximino-form : 

-C-  -C-  -C- 

II  -     0<|  ::=  II  , 

N-OH  NH  HO-N 

and  that  the  effects  which  acids  and  alkalis  produce  on  the  rate 
of  racemisation  are  brought  about  through  their  influence  on  the 
relative  proportion  of  the  latter  form  present  in  the  solutions. 

The  authors  propose  to  extend  this  investigation  to  other  com- 
pounds containing  doubly-linked  tervalent  nitrogen.  In  conclusion, 
they  desire  to  express  their  indebtedness  to  the  Research  Fund 
Committee  of  the  Chemical  Society  for  a  grant  by  which  the 
expenses  of  this  work  have  been  largely  defrayed. 

Northern  Polytechnic  Institute, 
HoLLOwAY,  London,  N. 


CC. — Kinetics   of  the   Reaction   between   Silver   Salts\ 
and  Aliphatic  Iodides. 

By  Frederick  George  Donnan  and  Harold  Edward  Potts. 

The  reaction  between  silver  nitrate  and  alkyl  iodides  in  alcoholic 
and  aqueous-alcoholic  solutions  has  been  studied  from  a  kinetic  point 
of  view  by  Burke  and  Donnan  (Trans.,  1904,  85,  555;  Zeitsch. 
physihal.  Chem.,  1909,  69,  148).  The  conclusion  was  drawn  that 
the  reaction  is  pseudo-bimolecular  in  type,  and  that  the  course  of 
the  reaction  is  affected  by  an  accelerating  influence  due  to  some 
product.  The  following  experiments  have  been  carried  out  with 
the  purpose  of  throwing  further  light  on  the  mechanism  of  the 
reaction.  They  deal  with  the  reaction  between  ethyl  iodide  and 
silver  salts  other  than  the  nitrate,  the  reaction  between  ethyl  iodide 
and  silver  nitrate  in  a  non-hydroxylic  solvent  (acetonitrile),  and 
the  reaction  between  silver  nitrate  and  aliphatic  polyiodides  (in 
alcoholic  solution). 

The  diminution  in  the  velocity-coefficient  with  decreasing  initial 
concentration  in  the  reaction  between  ethyl  iodide  and  silver  nitrate 
in  alcohol  led  Burke  and  Donnan  to  the  conclusion  that  the  velocity 
of  the  reaction  is  accelerated  by  some  product  (although  it  was 
shown  that  this  product  could  not  be  ethyl  nitrate,  ether,  or  nitric 
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acid).  This  fact  is  clearly  shown  by  Fig.  1,  in  which  the 
ordinates  represent  concentrations,  and  the  abscissae  times. 
Curve  AB  represents  the  time-concentration  curve  for  the  reaction 
A740-AgNO3  +  A740-C2H5l  in  dry  alcohol,  whilst  CD  is  the  corre- 
sponding curve  for  the  reaction  iV/SO-AgXOg  +  ^'/BO-CoHjI  in  the 
same  solvent  at  the  same  temperature  (Burke  and  Donnan,  Trans., 
loc.  cit.).  In  the  figure,  the  time-zero  for  the  second  curve  {CD) 
has  been  shifted  to  the  time-point  (abscissa)  when  the  primary 
reactants  corresponding  with  the  first  curve  {AB)  have  fallen  to  a 
concentration  of  N  /80.  The  non-coincidence  of  these  curves  and 
the  greater  steepness  of  AB  show  that  the  velocity  of  the  reaction 

Fig.  1. 


ffl 

( 

^ 

^ 

^ 

Time  [inimUes). 

accelerated  by  some  product.  The  reaction  is  therefore  from  a 
inetic  point  of  view  a  "disturbed"  one,  and  the  fair  degree  of 
instancy  of  the  velocity-coefficient  of  the  simple  bimolecular 
luation  in  any  particular  experiment  can  only  be  explained  as  due 
>  some  compensating  effect. 

A  special  experiment  made  to  test  this  conclusion  showed  that 
xn  the  filtered  reaction  fluid  resulting  from  a  previous  reaction,  and 
containing  no  silver  salt  or  alkyl  iodide,  the  reaction  proceeded  (on 
Idition  of  fresh  portions  of  the  reactants)  more  rapidly  than  in 
the  pnro  solvent,  the  acceleration  observed  being  in  the  ratio 
calculable  from  the  resulU  of  Burke  and  Donnan. 

6  H  2 
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In  view  of  this  disturbance,  the  constancy  of  the  velocity-coefficient 
of  the  "  bimolecular  "  equation  in  any  given  case  does  not  prove 
that  the  reaction  is  really  one  of  the  second  order.  In  the  absence 
of  the  accelerating  effect  referred  to,  it  is  clear  that  the  velocity- 
coefficient  calculated  from  the  simple  bimolecular  equation, 
—  dcldt^kc^,  would  fall  during  the  course  of  the  reaction.  This 
shows  that  the  exponent  of  c,  that  is,  the  order  of  the  reaction, 
must  be  higher  than  2.  In  fact,  although  the  Noyes-van't  Hoff 
method  is  not  strictly  applicable  to  a  case  such  as  the  present  where 
the  products  exercise  an  accelerating  influence,  if  we  apply  it  to 
only  a  10  per  cent,  change  in  the  iV740-  and  iV'/80-reaction  curves 
shown  in  Fig.  1,  the  value  n  —  2'd>  is  obtained  for  the  exponent  of  c. 
It  is  possible  that  this  result  may  be  explained  by  considering  the 
varying  electrolytic  dissociation  of  the  silver  nitrate,  as  described 
on  p.  1889  (results  with  silver  lactate  in  aqueous  alcohol). 

Units  and  Method  of  Measurement, 

The  "  dry  "  alcohol  used  in  the  following  experiments  was  pre- 
pared by  long-continued  boiling  of  the  ordinary  "  absolute  "  alcohol 
with  excess  of  freshly  prepared  calcium  oxide.  The  alcohol  so 
obtained  was  then  freed  from  reducing  substances  by  distillation 
from  a  small  quantity  of  silver  nitrate. 

The  reaction-velocities  were  all  measured  at  25°,  and  the  amount 
of  silver  salt  in  solution  estimated  by  titration  with  thiocyanate 
solution.  The  numbers  given  in  the  tables  are  expressed  in  terms 
of  the  following  units.  Unit  of  volume  =  1  c.c. ;  unit  of  mass  =  frac- 
tion of  a  molecule  contained  in  1  c.c.  of  a  iV^/lOO-solution.  Thus, 
the  concentration  of  a  iV/10-solution  =  10.  The  velocity-coefficients 
calculated  with  these  units  are  six  times  greater  than  those 
calculated  with  the  units  employed  by  Burke  and  Donnan  in  their 
first  paper.  The  unit  of  time  employed  is  one  minute.  The  values 
of  k,  the  velocity-coefficient,  have  been  calculated  from  the  ordinary 
bimolecular  equation  except  when  otherwise  stated. 

The  reaction  fluids  were  previously  warmed  in  separate  vessels 
in  the  thermostat,  and  at  a  given  time-point  rapidly  mixed.  Definite 
equal  volumes  of  the  mixture  were  then  quickly  transferred  by 
means  of  a  previously  warmed  pipette  into  a  series  of  small  flasks 
placed  in  the  thermostat. 

Experiments  with  Silver  Lactate  in  Aqueous  Alcohol.  ^^ 

It  has  been  shown  in  the  case  of  silver  nitrate  that,  although  ^B 
the  velocity-coefficient  of  the  bimolecular  equation  remains  fairly 
constant   in   any   given  reaction,    the   velocity  of   the  reaction   is 
uiidoubtodly  increased  by  some  reaction  product. 


BETWEEN   SILVER   SALTS   AND   ALIPHATIC   IODIDES.       1885 

Experiments  were  therefore  made  with  another  silver  salt  in  order 
to  see  if  this  peculiar  behaviour  could  be  associated  with  the 
presence  of  the  NOg-group.  Owing  to  the  difficulty  of  getting  silver 
salts  sufficiently  soluble  in  dry  alcohol,  the  experiments  were  made 
with  silver  lactate  in  a  composite  solvent,  obtained  by  mixing  40 
volumes  of  water  with  60  volumes  of  dry  alcohol.  It  has  been 
shown  by  Burke  and  Donnan  that  in  a  solvent  of  this  composition 
the  behaviour  of  silver  nitrate  and  ethyl  iodide  resembles  that  in 
dry  alcohol. 

Table  I. 

Silver  lactate,  3iV/200  x  095;  ethyl  iodide,  3iV/200. 


CAg 


0 

4-5 

9-5        14-5        19  5 

33        39-5        68-5 

1-43 

1-285 

1-16        1-07         100 

0-835      0  785      Oeio 

— 

00161 

0  0160     0-0152     0-0145 

00141     00135     0-0126 

It  will  be  observed  that  the  bimolecular  velocity-coefficient  falls 
steadily  during  the  course  of  the  reaction. 

Determinations  of  the  amount  of  free  acid  produced  during  the 
reaction  were  made,  the  results  of  which  are  shown  in  the  following 
table. 

Table  II. 

^"'"xlOO. 


Acid  produced 

t. 

Cacid. 

CAg. 

Silver  used  up 

0 

0-0 

1-43 

— 

26 

0-345 

0-95 

70 

30 

0365 

0-89 

67 

34       . 

0-39 

0-85 

66 

2  weeks 

0  97 

<0  01 

70 

The  ratio  of  free  acid  produced  to  silver  salt  used  up  in  the 
reaction  remains  constant.  It  is  noteworthy  that  this  ratio  is 
practically  the  same  as  that  observed  by  Burke  and  Donnan  in 
the  case  of  the  reaction  between  silver  nitrate  and  ethyl  iodide  in 
dry  alcohol,  although  in  this  case  the  acid  is  different.  The  follow- 
ing two  tables  contain  reaction-velocity  measurements  made  with 
another  sample  of  silver  lactate  at  two  different  initial  con- 
centrations. The  values  of  k  are  here  calculated  from  point  to 
point,  and  not  from  the  beginning  of  the  reaction  to  each  time- 
point  as  in  the  previous  table. 

Table  III. 

Silver  lactate,  SA'/ 100x096;  ethyl  iodide,  SiN'/lOO. 

<    0  7  11  16  *20  30  40 

'•A«   2-89       1-76  l-5'25        ISl  121  100  088 

^   —        0-0302      00209      00200      00147       00157       00121 
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Table  IV. 
Silver  lactate,  3i\^/200  x  0-96;  ethyl  iodide,  3iV/200. 


t    .. 
cAg 


0  10  25  45  72 

1-445     1-118       0-917       0-765       0-627 
—       0-0205     0-0120     0-0100     0-0099 


105  133  160 

0-508       0-442      0-39 
0-0103     0-0095     0-0098 


If  these  two  sets  of  times  and  concentrations  are  plotted,  and  the 
time-zero  for  the  3iV/200-reaction  made  to  coincide  with  the  time- 


FiG.  2. 


3-0 


2-0 


1-0 


()    ' 

\ 

\ 

. 

^'^ 

— 

50 


100 


150 


Time  {minutes). 


point  where  the  primary  reactants  of  the  S.V/lOO-reaction  have 
fallen  to  3iV/200,  as  shown  in  Fig.  2,  it  will  be  seen  that  the  two 
sets  of  points  lie  on  the  same  continuous  curve.  This  is  in  striking 
contrast  to  the  case  previously  discussed  (reaction  between  silver 
nitrate  and  ethyl  iodide),  and  shows  that  in  the  present  case  the 
previously  observed  acceleration  due  to  the  products  is  absent. 

It  seems  to  be  pretty  certain  therefore  that  in  the  case  of  silver 
nitrate  the  apparent  constancy  of  the  bimolecular  reaction-coefficient 
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is  due  to  a  compensating  effect  caused  by  the  acceleration  referred 
to.  This  is  well  shown  By  the  following  table,  which  contains  the 
results  of  some  further  measurements  of  this  reaction  in  the  com- 
posite solvent  employed  above. 

Table  V. 

Silver  nitrate,  3.V/100;  ethyl  iodide,  3iV7100. 

t    0  6  19  49  90  124  164 

exg   3-00      2-48  1-843        1-125        0-703        0-5-28         0-41 

k  —        00117       0-0108       00116       0-0131       00136       0-0134 

Here  one  observes  a  fair  constancy  of  k,  with,  however,  a  tendency 
to  increase  towards  the  latter  part  of  the  reaction,  A  similar 
tendency  is  observable  in  some  of  the  results  previously  given  by 
Burke  and  Donnan  (loc.  cit.). 

The  practically  constant  ratio  of  lactic  acid  produced  to  silver 
lactate  used  up  (66  to  70  per  cent.)  shows,  as  In  the  case  of  silver 
nitrate,  that  there  must  be  at  least  two  simultaneous  reactions,  in 
one  of  which  the  free  acid  is  formed  (Wegscheider's  criterion). 

Denoting  the  negative  ion  of  the  silver  salt  by  A,  we  may 
represent  these  two  reactions  thus: 

A AgA  +  Etl  ->  Agl  +  EtA. 

B    .     .     .  AgA  +  Etl  +  EtOH  — >  Agl  +  EtgO  +  HA. 

In  the  case  of  aqueous  solvents,  there  will  also  occur  the  reaction : 
C    .     .      AgA  +  Etl  +  H-OH  — >  Agl  +  EtOH  +  HA. 

In  the  case  of  alcoholic  or  aqueous-alcoholic  solvents,  the  reaction 
B  (or  B  +  C)  is  the  main  one,  as  only  about  30  per  cent,  of  the 
"  theoretical "  amount  of  the  ester  EtA  is  produced. 

In  order  to  explain  this  "  abnormal "  production  of  acid, 
Wegscheider  and  Frankel  {Sitzungsher.  Wien.  Akad.,  1907,  116, 
Abt.  lib)  have  proposed  the  following  hypothesis.  They  suppose 
that  the  essential  cause  of  the  reaction  is  the  aflBnity  of  the  silver 
and  halogen  atoms,  and  that  this  leads  to  a  series  of  not  sharply 
distinguishable  intermediate  stages  in  which  there  occurs  a  spatial 
approximation  of  the  silver  and  halogen  atoms.  These  may  be 
roughly  formulated  as  follows: 

C2H5-I Ag-NOj. 

As  a  result  of  this,  the  "  affinity  "  between  C2H5  and  I  on  the 
one  hand,  and  Ag  and  NO3  on  the  other  is  weakened,  so  that  the 
above  system  may  rearrange  itself  into  the  definite  end-products 
Agl  and  CoHj'NOs,  or  may  react  with  a  molecule  of  the  solvent 
to  give  (in  the  case  of  ethyl  alcohol)  the  end-products  Agl, 
{^2^i)%0,  and  HNOg. 

It  would  seem  difficult  to  distinguish  between  this  hypothesis  and 
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what  is  usually  understood  by  the  assumption  that  a  transient 
intermediate  compound  between  the  silver  salt  and  the  alkyl  iodide 
is  the  first  stage  in  the  reaction.  Moreover,  Wegscheider's  hypothesis 
does  not  lend  itself  to  analytical  treatment  in  the  present  condition 
of  chemical  science,  so  that  it  is  impossible  to  apply  to  it  any  exact 
experimental  test.  We  shall  content  ourselves  therefore  with 
examining  the  consequences  of  more  definite  hypotheses.  In  the 
first  place,  let  us  suppose  that  the  velocity  of  the  reaction  is  con- 
trolled by  a  direct  interaction  between  one  molecule  of  undissociated 
silver  salt  and  one  molecule  of  alkyl  iodide.  Considering  only 
equivalent  concentrations,  and  calling  a  the  degree  of  dissociation  of 
the  silver  salt,  this  leads  to  the  equation : 

-dcldt  =  k{l-a)c^. 
As  o  will  increase,  and  therefore  1  —  a  decrease,  with  the  progress 
of  the  reaction,  the  coefficient  k(l—a)  of  the  simple  bimolecular 
equation  will  diminish  as  the  reaction  progresses.  This  is  exactly 
what  the  experimental  results  show  in  the  case  where  the  reaction 
is  not  disturbed  by  the  products.  Let  us  now  make  the  further 
assumption  that  the  simple  law  of  mass-action  holds  for  the 
equilibrium  between  the  undissociated  silver  salt  and  its  ions.  This 
leads  to  the  equation  ^(1  —  a)  —  a^c,  which,  combined  with  the 
previous  one,  gives: 

~dcJcU  =  k'a^c^. 

Now,  as  a  increases  with  the  dilution,  we  should  expect  the 
coefficient  k'o?'  of  the  "  termolecular  "  equation  to  increase  with  the 
progress  of  the  reaction,  but  as,  at  the  dilutions  employed,  o  will 
not  differ  very  far  from  unity,  it  is  obvious  that  the  increase  of 
k'^aP-  will  be  considerably  smaller  than  the  decrease  of  k{\  —  o). 

The  following  table  contains  the  values  of  /cg  corresponding  to 
the  equation  —dcldt  =  k^c^,  as  calculated  from  the  curve  given  in 
Fig.  2. 

The  values  of  k^  are  calculated  from  point  to  point. 

Table  VI. 

t    0        4-2  11-1  301  48-5  847         119-0 

c    2-89       20  1-5  rO  0-8  06  0-5 

IC3 —        0-0298       0-0281       0-0292      00306       0-0336       0-0356 

The   coefficient   of  the   simple   bimolecular  equation   falls    from 

0-030  to  0010  over  the  same  range  of  concentration.     The  constancy 

of  ^3  is  surprising,  and,  indeed,  even  greater  than  could  have  been 

expected  on  the  above  hypothesis.     This  will  be  made  clear  by  the 

following  table: 

o    0-7  0-8  0-9 

d^    0-49  0-64  0-81 

1-a    0-30  0-20  0-10 
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This  table  shows  that  if  (1  — «)  falls  in  the  ratio  of  3  to  1,  o-  will 
increase  bv  more  than  50  per  cent.  Now,  whilst  the  fall  of  the 
bimolecular  velocity-coefficient  is  in  reality  in  the  ratio  3:1,  the 
corresponding  increase  in  the  termolecular  velocity-coefficient  is  only 
about  20  per  cent.  Too  much  stress  need  not  be  laid  on  this 
discrepancy,  as  the  assumption  that  the  simple  law  of  mass-action 
holds  for  the  electrolytic  dissociation  of  the  silver  salt  may  be  only 
a  very  rough  approximation. 

It  is  necessary  also  to  remark  here  that  if  the  simple  law  of  mass- 
action  be  assumed,  the  equation  —dcjdt^k'a-c^  can  be  equally 
well  reconciled  with  the  view  that  only  the  ions  Ag'  and  XO3'  react 
with  the  alkyl  iodide.  The  results  appear  to  show,  however,  that  the 
reaction  velocities  due  to  undissociated  silver  nitrate  on  the  one 
hand,  and  the  ions  Ag*  and  NOs'  on  the  other,  must  be  very  different, 
so  that  the  main  effect  must  be  due  to  either  one  or  the  other. 
Experiments  carried  out  in  alcohol  as  solvent  have  shown  (Burke 
and  Donnan,  Zeitsch.  'physikal.  Ghent.,  loc.  cit.)  that  highly  dis- 
sociated nitrates,  such  as  ammonium  nitrat-e,  considerably  increase 
the  velocity  of  the  reaction  between  silver  nitrate  and  ethyl  iodide. 
This  seems  to  indicate  that  it  is  the  undissociated  silver  nitrate 
molecules  which  are  effective  (at  all  events,  in  alcoholic  solution). 

Concerning  the  question  of  the  formation  of  an  intermediate 
compound,  the  experimental  results  are  not  decisive.  If,  as  seems 
possible  from  the  above,  it  is  the  undissociated  silver  salt  which 
reacts,  then  it  is  a  plausible  hypothesis  to  assume  that  the  velocity 
of  the  whole  reaction  is  determined  by  the  rate  of  formation  of  an 
intermediate  compound  between  the  silver  salt  and  the  alkyl  iodide, 
this  intermediate  compound  then  rapidly  changing  to  alkyl  ester 
and  silver  iodide  on  the  one  hand,  and,  on  the  other,  reacting 
with  a  molecule  of  solvent  to  form  silver  iodide,  free  acid,  and  an 
ether  (or  alcohol).  There  is,  however,  no  experimental  evidence 
which  would  enable  one  to  test  this  hypothesis. 

Experiments  with  Silver  Nitrate  in  A  cetonitrile. 

The  foregoing  experiments,  together  with  those  of  Nef  (Annalen, 
1899,  309,  126),  Burke  and  Donnan  (loc.  cit.),  and  Wegscheider 
and  Frankel  (loc.  cit.),  have  shown  that  when  a  silver  salt  reacts 
with  an  alkyl  iodide  in  a  solvent  which  contains  the  hydroxyl  group, 
free  acid  is  one  of  the  main  products.  It  was  decided  therefore  to 
carry  out  some  experiments  in  a  non-hydro-xylic  solvent  in  order  to 
examine  the  kinetics  of  the  reaction  when  no  free  acid  can  be 
formed.  As  a  few  preliminary  experiments  showed  that  the 
reaction  between  silver  nitrate  and  ethyl  iodide  proceeds  with  con- 


1890      DONNAN  AND   POTIS  :    KINETICS   OF   THE   REACTION 


T^Ogtabe- 


venient  speed  in   acetonitrile,   and  that  the   precipitate  produced 
consists  of  silver  iodide,  a  quantity  of  this  solvent  was  shaken  with 

phosphoric  oxide,  and 
Fig.  3.  then      distilled      from 

this  reagent  into  a 
bottle  provided  with 
a  phosphoric  oxide 
guard-tube  and  mer- 
cury-sealed outlet-tube. 
The  velocity  of  the  re- 
action was  measured  in 
the  apparatus  shown 
in  Fig.  3,  the  reaction, 
vessel  being  immersed 
in  the  thermostat. 
Twenty-five  c.c.  of  the 
dry  acetonitrile,  con- 
taining a  weighed 
quantity  of  silver 
nitrate,  were  intro- 
duced into  the  reaction 
TOjtube  "^^^^^Ij  then  a  weighed 
quantity  of  ethyl 
iodide  (contained  in  a 
small  stoppered  tube) 
dropped  in,  the  mer- 
cury-sealed stopper  of 
the  reaction-vessel  re- 
placed, and  the  con- 
tents thoroughly  mixed 
by  blowing  in  a  current 
of  dry  air.  At  definite 
intervals,  portions  of 
the  reaction  -  liquid 
were  blown  over  into 
the  burette,  rapidly 
measured  off,  and 
titrated. 
In  the  following  tables,  k  is  the  velocity-coefficient  of  the  simple 
bimolecular  equation : 

Table  VII. 
Silver  nitrate,  iT/lO;  ethyl  iodide,  iV/10. 

t   0       15       36       -'66  88       115 

CAR...  1000    7-94      C-27      4-95  '4-37  3-88 

*  —     0-00173    0-00164    000155  000146  O'COIS? 

A;  (mean)  =  0-00155. 
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Table  VIII. 
Silver  nitrate,  iY/20;  ethyl  iodide,  iV^/20. 


t  

CAg     ... 
k    

0        15-5            41              84             139            196 
...     5-00     4-68          4-09          3-32          2-87          2-47 
,..      —      0-00090     000107     0-00120     0-00107     000105 

k  (mean)  =  0-00105. 

Table  IX. 
Silver  nitrate,  iV/40;  ethyl  iodide,  iV740. 

244 
2-20 
0-00105 

t    

'Ag     ... 

k   

0                      91                        248 
2-50                    2-11                          1-66 
—                     000081                    0-00081 

349 

1-47 
0-00081 

i-(mean)   =  0-OOOSl. 

In  these  experiments  the  reaction-liquid  at  the  end  of  the  reaction 
was  found  to  contain  a  small  quantity  of  acid,  but  this  was  traced 
to  the  solvent,  which  was  found  to  contain  a  small  quantity  of 
phosphoric  acid  sufficient  to  explain  the  acidity  of  the  reaction-fluid. 
To  obviate  this,  the  acetonitrile,  which  had  been  previously  dried 
by  phosphoric  oxide  as  described,  was  treated  with  freshly  ignited 
lime  and  redistilled.  The  following  experiment  was  carried  out 
with  the  now  neutral  distillate : 

Table  X. 
Silver  nitrate,  iV/20;  ethyl  iodide,  N 120. 

t   0        98        130        157        166 

CAg  5-00     3-33       2-95       2*73       2-73 

*  ..  —      0-00102     0-00106     000106     000100 

k  (mean)  =  0-00104. 

This  value  of  k  agrees  very  well  with  that  previously  found.  It 
was  noticed,  however,  that  at  the  end  of  the  experiment  the  reaction- 
fluid  contained  about  the  same  (small)  quantity  of  free  acid  as  in 
the  previous  experiments.  Probably  the  acetonitrile,  after  treatment 
with  phosphoric  oxide,  contained  a  little  ethyl  phosphate  (due  to 
traces  of  alcohol),  and  this  on  distillation  from  lime  regenerated  the 
alcohol,  which  afterwards  reacted  to  form  free  acid. 

The  above  experiments  prove  that  whilst  the  reaction  proceeds 
normally  (that  is,  without  production  of  free  acid)  in  acetonitrile 
as  solvent,  the  reaction-kinetics  closely  resemble  those  obtained  with 
alcohol  as  solvent.  The  simple  bimolecular  velocity-equation  holds 
good  for  each  experiment  (although  in  the  case  of  the  iV/10-reaction 
'here  is  a  decided  drop),  but  the  velocity-coefficient  varies  with  the 
initial  concentrations  of  the  reactants.     It  is  clear  that  the  peculiar 
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kinetic  behaviour  observed  in  hydroxylic  solvents  has  nothing  to  do 
■with  the  acid  formation.  As  explained  previously,  this  behaviour  is 
probably  to  be  accounted  for  by  the  varying  dissociation  of  tho 
silver  salt,  and,  in  the  case  of  the  nitrate,  by  the  formation  of  some 
product  which  acts  as  an  accelerator. 

If  time-concentration  curves  for  the  experiments  with  various 
initial  concentrations  be  plotted  as  described  on  p.  1883,  it  will 
be  found  that  in  the  case  of  acetonitrile  as  solvent  the  various  curves 
so  obtained  cannot  be  made  to  superimpose,  although  the  divergence 
is  not  nearly  so  marked  as  in  the  case  of  alcohol  as  solvent.  This 
would  seem  to  show  that  the  accelerating  effect  referred  to  above 
is  much  smaller  in  the  experiments  with  silver  nitrate  in  acetonitrile. 

Experiments  with  Iodoform  in  Alcoholic  Solution. 

Preliminary  experiments  showed  that  in  dry  ethyl  alcohol  at  25°, 
silver  nitrate  and  iodoform  (both  iV/30)  react  with  convenient  speed, 
the  reaction  occurring  in  the  stoicheiometric  ratio  SAgNOg :  CHIg, 
and  the  precipitate  produced  being  silver  iodide.  During  the 
reaction  free  nitric  acid  is  produced,  and  this  slowly  liberates  iodine 
from  iodoform,  but  if  the  experiment  does  not  last  more  than  a 
few  hours,  this  secondary  reaction  may  be  neglected.  The  following 
tables  contain  the  results  of  the  velocity-measurements  (k  =  coefficient 
of  simple  bimolecular  equation)  : 

Table  XI. 

ir/25-AgN03;  i\^/25-(CHIg/3). 

t   0  80  45  60  120  210 

CAg  ...     3-765        3-255  3055  2-8-25  2  34  1-74 

k  —  0  00136        0  00136        000146        000135        0-00147 

Meaa  =  0-00140. 

Table  XII. 
iV^/SO-AgNOg;   ir/30-(CHl3/3)  (temp.  =  25-2°). 

t  0  52  70  82  92  116  155  173 

CAg  ...  3185     2  595       255         2-47         2  445       229  2-06         1-965 

Jc —       000136  0-00111  0-00111  0-00103  0-00106  000110  0-00113 

Meau  =  0  001 13. 

Table  XIII. 
.?r/40-AgNO3;  i\^/40-(CHl3/3). 


t 

CAg  ... 

k    

0 
..     2-45 

52 
2  265 
0-00066 

71                  94 
2-175            2-13 
000073        000065 

Mean  =  0-00070. 

148 
1-945 
0-00072 

167 
1-87 
0-00076 
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Table  XIV. 

N/ZO-AgKOs;  A740-(CHl3/3). 

t 0        19-25       425  85  98  210  232  303 

c\g    ...  3-33     3185      3-015      2-725      2  675      21S5      2035      2015 
k    —      000090  000098  000107  000103  000110  0  00122  0  00097 

Mean  =  0  00104, 

Table  XV. 

iV^/52-AgN03;  ^/40-(CHl3/3). 

t    0  28  109  142  180  231  257 

fAg    1-93     1-835         1-645         154  1495         1-375         1-345 

it   —      0  00062    0-00064     000070    000063     0-00071     000063 

Mean  =  0  00065. 

An  experiment  was  tried  with  a  solution  of  iodoform  in  alcohol 
which  had  been  preserved  in  the  dark  for  eleven  days.  This  solution 
reacted  with  silver  nitrate  with  the  same  speed  as  a  fresh  solution. 

The  following  table  summarises  the  results  obtained  with  iodo- 
form : 

Table  XVI. 

luitial  concentration.  Value  of  k  x  10^ 

A725 140 

iV/30 113 

iV740 70 

iV/30-AgNO3;  A740-(CHr3/3)..  104 

iV/40-AgNO3 ;  iV752-(CHl3/3)..  65 

It  will  be  observed  that  the  behaviour  of  iodoform  closely 
resembles  that  of  an  alkyl  monoiodide.  The  reaction  is  pseudo- 
bimolecular  in  type,  the  velocity-coefficient  increasing  rapidly  with 
increasing  initial  concentrations  of  the  reactants,  and  being  mainly 
dependent  on  the  initial  concentration  of  the  silver  nitrate.  If 
time-concentration  curves  bo  plotted,  the  cun/es  representing 
reactions  starting  at  different  initial  concentrations  cannot  bo  super- 
imposed, the  reaction  which  starts  at  a  lower  initial  concentration 
always  proceeding  markedly  slower  than  a  reaction  which  has 
reached  the  same  concentration  of  the  reactants  from  a  higher  initial 
concentration.  As  shown  in  Fig.  4,  this  divergence  is  greater  than 
in  the  case  of  the  reaction  between  silver  nitrate  and  ethyl  iodide 
in  alcohol  as  solvent. 

The  constancy  of  the  bimolecular  velocity-coefficient  in  spite  of 
such  a  great  acceleration  due  to  the  products  proves  that  in  the 
absence  of  this  disturbing  effect  the  order  of  the  reaction  would  be 
much  higher  than  2.  Indeed,  an  application  of  the  Noyes-vant  Hoff 
method  to  the  initial  portions  (10  per  cent,  change)  of  the  various 
reaction-curves  plotted  above  yields,  for  the  order  of  the  reaction, 
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numbers  the  mean  of  which  is  about  3'8.  It  is  probable  therefore 
that  the  real  order  of  the  reaction  is  between  3  and  4,  and  nearer  4 
than  3.  "With  the  data  at  hand,  it  is  not  possible  to  go  further 
than  this.  In  particular,  it  is  not  possible  to  decide  whether  the 
reaction  proceeds  in  a  series  of  successive  stages,  though  the  some- 
what analogous  case  of  the  alkali  hydrolysis  of  the  triglycerides 
would  render  this  view  probable. 

As  in  the  case  of  the  alkyl  iodides,  the  reaction  proceeds  with 
formation   of  free   acid.      For    the    reaction    starting    at    N/30- 
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equivalent  concentrations  of  silver  nitrate  and  iodoform,  the  free 
nitric  acid  found  at  the  completion  of  the  reaction  was  equivalent 
to  85  per  cent,  of  the  original  silver  nitrate.  This  is  a  higher 
amount  than  that  observed  in  the  case  of  ethyl  iodide. 

The  following  experiment  is  a  good  example  of  a  "  rapid " 
reaction,  in  which  one  of  the  reactants  is  a  carbon  compound.  If 
a  small  quantity  of  finely  powdered  silver  nitrate  be  cautiously 
mixed  with  the  equivalent  amount  of  solid  iodoform,  a  scratch  or 
light  blow  is  sufficient  to  set  up  a  violent  reaction,  in  which  clouds 
of  iodine  vapour  and  oxides  of  nitrogen  are  evolved. 
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Experiments  with  Methylene  Iodide  and  Carbon  Tetraiodide  in 
Alcoholic  Solution. 

The  experiments  recorded  in  the  previous  section  show  that 
iodoform  reacts  with  silver  nitrate  in  alcoholic  solution  at  25°  about 
eight  times  more  slowly  than  methyl  iodide.  A  few  experiments 
carried  out  with  methylene  iodide  and  silver  nitrate  in  alcoholic 
solution  showed  that  the  velocity-coefficient  is  about  one  hundred 
times  smaller  than  the  corresponding  coefficient  for  iodoform.  In 
point  of  reactivity  with  silver  nitrate,  methylene  iodide  does  not 
therefore  occupy  a  position  intermediate  between  methyl  iodide  and 
iodoform,  but  is  characterised  by  a  very  great  sluggishness. 

Carbon  tetraiodide  was  prepared  by  a  modification  of  Gustavson's 
method,  but  it  was  found  impossible  to  carry  out  any  satisfactory 
measurements  of  its  velocity  of  reaction  with  silver  nitrate,  as  in 
alcoholic  solution  the  tetraiodide  loses  iodine  with  comparative 
rapidity.  Some  special  experiments  on  this  point  showed  that  in  a 
solution  containing  O'l  gram  of  tetraiodide  in  20  c.c.  of  alcohol, 
95  per  cent,  of  the  iodine  of  the  tetraiodide  is  present  as  free  iodine 
after  sixteen  hours. 

On  adding  an  alcoholic  solution  of  silver  nitrate  to  an  alcoholic 
solution  of  carbon  tetraiodide  there  is  an  immediate  diminution  in 
the  amount  of  dissolved  silver  salt,  due  to  interaction  with  the  free 
iodine.  After  this,  the  concentration  of  the  silver  salt  diminishes 
very  slowly,  so  that  the  carbon  tetraiodide  itself  does  not  react  at 
all  rapidly  with  silver  nitrate  in  alcoholic  solution. 

In  conclusion,  the  authors  desire  to  express  their  best  thanks 
to  the  Research  Fund  Committee  of  the  Chemical  Society  for  a 
grant  which  helped  to  defray  the  expenses  of  this  investigation. 

^'ote. — Since  the  completion  of  the  above  work,  a  paper  has 
appeared  by  G.  Senter  (Trans.,  1910,  97,  346),  in  which  this  author 
finds  that  in  the  reaction  between  silver  nitrate  and  methyl  iodide 
in  alcoholic  solution,  precipitated  (or  colloidal)  silver  iodide  exerts 
a  slight  accelerating  effect  on  the  velocity  of  the  reaction.  It  may 
be  possible  therefore  that  this  is  the  product  of  the  reaction  which 
produces  the  accelerating  effect  discussed  in  the  foregoing  paper.  It 
18  somewhat  difficult,  however,  to  reconcile  this  view  with  the 
apparent  absence  of  the  accelerating  action  in  the  reaction  between 
silver  lactate  and  ethyl  iodide  in  aqueous-alcoholic  solution.  Tho 
matter  requires  further  investigation  before  this  point  can  be 
definitely  settled. 

MuspUATT  Laboratory  of  Physical  and  Elkctro-Chkmistry, 
University  of  Liverpool. 
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CCI, — Changes  m  Volume  in  the  Formation  of  Dilute 
Solutions.  Part  11.  Relationship  hetiveen  Change 
in   Volume  and  Constitution. 

By  Harry  Medforth  Dawson. 

In  Part  I  of  this  work  (this  vol.,  p.  1041)  an  account  was  given 
of  the  volume  changes  which  occur  in  the  formation  of  dilute 
solutions  of  iodine  and  naphthalene.  From  the  fact  that  the 
sequence  of  the  solvents,  when  arranged  according  to  the  magnitude 
of  the  volume  changes,  is  quite  different  for  the  two  dissolved  sub- 
stances, the  conclusion  was  drawn  that  these  changes  in  volume 
cannot,  in  general,  be  interpreted  in  terms  of  any  property  or 
properties  of  the  pure  solvents.  This  was  shown  to  be  the  case 
whether  it  is  assumed  that  the  observed  volume  change  is  entirely 
due  to  a  change  in  the  volume  of  the  dissolved  substance,  or  whether 
the  change  is  debited  entirely  to  the  solvent. 

There  can  be  no  doubt  that  neither  of  these  limiting  views  is 

correct,  and  according  to  Tammann  (Zeitsch.  phijsikal.  Chem.,  1896, 

21,  529),  the  volume  change  Av  occurring  in  the  formation  of  a 

solution  must  in  general  be  represented  by  an  equation  of  the  form : 

Ai;  =  A<^i  +  A<^2  +  2A<^ (1). 

In  this  equation  A^j  and  A<^2  represent  respectively  the  alterations 
in  volume  experienced  by  the  solute  and  the  solvent  when  the 
pressures  acting  on  these  are  changed  from  the  values  representing 
the  internal  pressures  of  the  pure  substances  to  the  common  internal 
pressure  of  the  solution.  The  term  2A<^  represents  the  further 
change  in  volume  which  is  supposed  to  take  place  when  the  solvent 
and  solute  are  then  mixed  together  without  any  alteration  in 
the  value  of  the  pressure  to  which  the  components  of  the  system 
are  subjected. 

In  justification  of  the  term  5A<^,  Tammann  cites  the  experi- 
mental measurements  of  Braun  (Ann.  Physik,  1888,  [iii],  34,  943), 
according  to  which  the  mixing  of  gases,  even  at  atmospheric 
pressure,  is  accompanied  by  appreciable  volume  changes.  The 
inference  drawn  by  Tammann  from  these  observations  does  not 
appear,  however,  to  be  very  conclusive.  In  the  first  place,  it  should 
be  noticed  that  in  Braun's  experiments,  the  different  gases  were 
allowed  to  mix  without  change  in  the  manometrically  measured 
pressure.  For  one  and  the  same  external  pressure,  the  gases  are, 
however,  subjected  to  different  internal  pressures  or  total  pressures, 
and  this  is  more  particularly  so  in  the  case  of  the  more  easily  con- 
densible  gases,  such  as  sulphur  dioxide  and  carbon  dioxide,  which, 
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when  mixed  with  equal  volumes  of  hydrogen  or  nitrogen,  were  found 
to  give  rise  to  relatively  large  changes  of  volume  at  atmospheric 
pressure.  Furthermore,  the  internal  pressure  of  the  mixed  gases 
will,  in  general,  be  different  from  the  internal  pressures  of  the 
unmixed  gases,  although  the  manometrically  measured  pressure 
retains  the  same  value.  Some  idea  of  the  magnitude  of  the  volume 
changes,  which  may  result  from  the  operation  of  these  internal 
pressure  differences,  is  obtained  if  we  consider  the  variation  of  the 
product  pv  at  low  pressures.  According  to  measurements  of  Fuchs 
(Castell-Evans,  Fhysico-chemical  Tables,  p.  450),  the  value  of  pv 
changes  in  the  ratio  1 :  l'02ol  for  sulphur  dioxide,  1 :  1'0063  for 
carbon  dioxide,  and  1 :  0'9988  for  air  when  the  pressure  is  reduced 
from  1000  to  250  mm.  of  mercury. 

From  the  above  considerations,  it  would  appear  that  the 
deviations  from  the  additive  law  of  gas  volumes  observed  by  Braun 
are  not  directly  applicable  to  the  process  of  the  mixing  of  liquids 
(or  gases)  under  the  conditions  stipulated  by  Tammann. 

We  may  now  consider  the  admixture  of  two  different  liquids  Aj 
and  Ao  a  little  more  closely  from  the  point  of  view  of  internal 
pressure,  or  rather  from  that  of  the  molecular  forces  of  attraction 
which  give  rise  to  this  pressure.  If  the  specific  molecular  attraction 
of  the  pure  liquids  is  denoted  by  ctj  and  cfo,  and  the  corresponding 
attraction  between  the  molecules  of  A^  and  Ag  by  ay<^,  and  if  the 
molecular  volumes  of  the  unmixed  liquids  are  v^  and  Vo  and  the 
volume  of  the  mixture  is  v^.^,  then  the  internal  pressures  of  A^,  Ao, 
and  (Aj  +  Ao)  are  given  by  a^Jv^,  a.yj  v^,  and 

(«1  /  ^vi  +  ^2/  ^1-2"  +  201-2/  Vj.g^) 

respectively.  In  the  ideal  process  of  mixing,  from  the  consideration 
of  which  equation  (1)  is  derived,  the  two  internal  pressures  a^jv^ 
and  ct^/v^  are  supposed  to  be  reduced  to  the  common  value 
(ai  +  a2  +  2aj.2)/fi.o2  before  the  actual  mixing  is  carried  out.  If 
these  conditions  are  fulfilled,  it  is  difficult  to  see  on  what  grounds 
a  change  in  volume  corresponding  with  2A0  is  to  be  anticipated. 
In  the  author's  opinion  the  conditions  of  the  process  are  such  as  to 
preclude  the  possibility  of  such  a  volume  change,  and  equation  (1) 
reduces  therefore  to  the  simpler  form  : 

Ai;  =  A<^i  +  A<^2 (2). 

In  reference  to  the  validity  of  this  equation  as  an  expression  of 
the  volume  change  which  occurs  in  the  mixing  of  two  liquids,  it 
should  be  noted  that  it  is  tacitly  assumed  that  the  mixing  process 
18  not  accompanied  by  any  change  in  the  molecular  complexity  of 
either  of  the  two  liquids,  that  is  to  say,  by  association  or  dissociation 
phenomena,  nor  yet  by  any  change  in  the  nature  of  chemical 
combination  between  the  two  sets  of  molecules.     Pairs  of  substances 
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which  satisfy  these  conditions  may  for  convenience  be  referred  to  aS 
"  normal "  substances,  and  the  solutions  obtained  by  mixing  them 
as  "  normal  "  solutions. 

As  a  consequence  of  the  elimination  of  the  term  2A^  from 
equation  (1),  the  expression  for  the  change  in  volume  which  occurs 
in  the  formation  of  a  solution  is  greatly  simplified.  If  the  specific 
volumes  of  the  two  components  (solute  and  solvent)  in  the  pure 
liquid  condition  are  denoted  by  (p-^^  and  ^o',  and  the  true  volumes 
of  these  components  in  the  solution  containing  x  parts  of  A^  and 
(1  — a?)  parts  of  Ag  are  represented  by  <^i*  and  ^2*j  ^^^  change  of 
volume  in  the  formation  of  unit  quantity  of  solution  may  be 
written : 

^v  =  x{<f>,^-c}>,^)+{l-x){cf>^i-c}>^^)      ....     (3). 

If  Pj  and  Pg  are  the  internal  pressures  of  the  pure  liquids,  Pg  that 
of  the  solution,  and  if  ^^  is  the  mean  compressibility  of  Aj  (referred 
to  unit  quantity)  between  the  pressure  limits  P^  and  P3,  and  iSg  is 
the  corresponding  value  of  the  compressibility  of  A2  between  Pg 
and  P3,  the  above  equation  may  be  written  in  the  form : 

Av  =  xp,(P,-V,)  +  (l-x)P,(P^-Ts)      .     .     .     (4). 

According  to  this  equation,  the  change  in  volume  is  dependent 
on  the  proportions  of  the  two  substances  in  the  solution  and  on 
their  compressibilities  between  certain  limits  of  pressure.  Of  these 
limiting  pressures,  P3  is  common  to  the  two  substances,  and  is  a 
function  of  x,  the  value  of  which  determines  the  composition  of 
the  solution.  According  to  results  obtained  by  von  Biron  (/.  Buss. 
Phys.  Chem.  Soc,  1910,  42,  188)  for  pairs  of  liquids  which  appear 
to  conform  to  the  above  definition  of  "  normal  "  pairs,  P3  is  a 
linear  function  of  x,  and  its  connexion  with  the  internal  pressures 
Pj  and  P2  of  the  pure  liquids  is  given  by  P3  =  xY-^  +  (1  —  a;)P2.  If 
this  result  is  accepted  as  a  first  approximation,  substitution  for  P3 
in  equation  (4)  leads  to : 

Av  =  x{l-x)(P,-V^){&,-$,) (5). 

In  the  case  of  a  dilute  solution  in  which  one  of  the  components 
(the  solvent)  is  present  in  large  excess,  x  may  be  neglected  in  com- 
parison with  unity,  and  equation  (5)  may  then  be  written  in  the 
form: 

^v/x^(p,-l^^)(^,-fi,) (6), 

in  which  iiv/x  is  the  change  in  volume  referred  to  unit  quantity  of 
the  solute. 

According  to  this,  the  volume  change  which  accompanies  the 
formation  of  dilute  solutions  of  one  and  the  same  substance 
(Pj  =  constant)  in  different  solvents  is  dependent  on  the  internal 
pressure  P2  of  the  solvent  and  on  the  compressibilities  /3j  and  iSg  of 
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the  solute  and  scdvent  respectively.  The  compressibilities  are,  of 
course,  dependent  on  the  pressure  limits  which  are  involved  in  a 
particular  case,  and  in  the  absence  of  a  sufficiency  of  data  connecting 
pressure  and  compressibility  it  is  not  possible  to  subject  equation 
'6)  to  a  rigorous  experimental  examination.  We  may,  however, 
nquire  to  what  extent  the  relative  magnitudes  of  the  changes  of 
olume  observed  in  the  formation  of  the  dilute  solutions  investigated 
:n  the  first  part  of  this  paper  are  in  agreement  with  the  require- 
ments of  this  equation,  according  to  which  the  change  in  volume 
is  influenced  by  two  independent  faxjtors,  one  of  which  may  be 
referred  to  as  the  internal  pressure  fa<;tor,  and  the  other  as  the 
compressibility  factor.  If  now  we  compare  solvents  of  approximately 
equal  internal  pressures,  but  considerably  different  compressibilities, 
then  according  to  equation  (6)  we  may  expect  to  find  a  connexion 
between  the  relative  volume  changes  and  the  compressibilities  of 
the  solvents.  On  the  other  hand,  if  solvents  are  compared  which 
have  approximately  equal  compressibilities  and  different  internal 
pressures,  it  is  to  be  anticipated  that  the  volume  changes  will  be 
related  to  the  internal  pressure  values. 

Such  relationships  may  not,  however,  be  apparent  unless  the 
conditions  stipulated  in  connexion  with  equation  (2)  are  fulfilled. 
The  solutions  must  be  "normal"  in  the  sense  already  denned; 
that  is  to  say,  the  formation  of  the  solutions  must  not  be  accom- 
panied by  changes  in  the  degree  of  complexity  of  the  solute  or 
iwlvent,  and  the  solute  must  not  enter  into  chemical  combination 
with  the  solvent. 

In  the  case  of  dilute  solutions  of  iodine  which  will  be  specially 
discussed  in  this  paper,  molecular-weight  determinations  have  shown 
that  the  first  condition  in  regard  to  the  solute  is  fulfilled  quite 
generally.  Whatever  the  nature  of  the  solvent,  dissolved  iodine 
appears  to  be  present  in  the  form  of  diatomic  molecules.  Experi- 
ment furnishes  no  evidence  in  respect  of  the  constancy  of  the  degree 
of  complexity  of  the  solvent,  but  for  dilute  solutions  it  is  safe  to 
assume  that  this  condition  is  generally  satisfied  by  the  different 
>f>lvents.  It  is,  however,  an  entirely  different  matter  in  regard  to 
the  absence  of  chemical  combination. 

Recent  work  relating  to  the  cause  of  the  differences  in  colour 
of  iodine  solutions  appears  to  point  to  the  conclusion  that  these 
flifT  rences  are  due  to  variations  in  the  extent  to  which  iodine  is 
"  !)ined  with  the  solvent.  From  these  investigations,  in  reference 
to  which  attention  may  be  called  to  a  paper  by  Waentig  {Zeitsch. 
Vhydkal.  Chem.,  1909,  68,  513),  it  is  probable  that  violet-coloured 
solutions  of  iodine  are  those  which  approximate  more  closely  to 
what  have  been  tfermed  "  normal  "  solutions  than  do  the  red  and 
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brown  solutions.  As  the  ability  to  transmit  the  more  refrangible 
visible  rays  diminishes,  the  deviation  from  this  "  normal "  type 
increases,  and  an  increasing  proportion  of  the  dissolved  iodine  is 
chemically  combined  with  the  solvent. 

The  extent  to  which  the  formation  of  solvates  may  modify  the 
volume  changes  which  occur  in  the  formation  of  solutions  cannot 
be  estimated  in  any  particular  case.  It  is  very  probable,  however, 
that  these  complex  molecules  are  formed  with  a  diminution  in 
volume  the  magnitude  of  which  will  depend  on  the  specific  nature 
of  the  solvent.  This  view  is  supported  by  the  results  of  experiments 
in  which  iodine  was  dissolved  in  solvents  containing  soluble  poly- 
iodides.  At  the  same  time,  some  idea  is  obtained  of  the  extent  to 
which  the  chemical  combination  of  the  dissolved  iodine  may 
influence  the  observed  volume  changes. 

Experiments  were  made  with  solutions  of  potassium  iodide  and 
iodine  in  nitrobenzene  and  in  ethyl  acetate.  In  these  solutions  the 
added  iodine  combines  to  a  large  extent  with  the  dissolved  sub- 
stance or  substances  already  present  to  form  a  higher  polyiodide 
or  polyiodides,  and  the  difference  between  the  "  solution  volumes  " 
represents  therefore  the  "  molecular  solution  volume  "  of  combined 
iodine  as  distinguished  from  that  of  free  iodine,  the  corresponding 
values  for  which  are  appended  for  comparison  in  the  table : 

Nitro-  Ethyl 

benzene.  acetate. 

"Solution  vohime"  of  KI  + 31 198-3  c.c.  KI  +  4I 147'3  c.c. 

„  KI  +  5I 133-1    „  KI  +  61 210-5   ,, 

"  Molar  sol.  vol."  of  combined  iodine      65-2   ,,  combined  iodine.       63-2   „ 

,,  ,,         ,,   free  iodine   67'2   ,,  free  iodine    64-5    ,, 

Since  the  polyiodide  solutions  in  the  case  of  both  solvents  are  good 
conductors,  and  therefore  ionised  to  a  considerable  extent,  and  since 
changes  in  the  degree  of  ionisation  are  accompanied  by  appreciable 
changes  in  volume  (compare  Walden,  Zeitsch.  phi/sikal.  Chem., 
1907,  60,  87),  conductivity  measurements  were  made  before  and 
after  the  addition  of  iodine  to  ensure  that  no  changes  in  volume 
due  to  this  factor  were  involved.  From  the  values  of  the  "  molecular 
solution  volume  "  of  the  free  and  combined  iodine,  it  is  evident 
that  the  combination  of  the  iodine  is  accompanied  by  a  contraction 
of  2  c.c.  per  gram-molecule  in  nitrobenzene  solution,  and  of  I'S  c.c. 
in  the  solution  in  ethyl  acetate.  Volume  changes  of  this  order  of 
magnitude  may  therefore  be  expected  in  the  formation  of  so-called 
solvates. 

If  the  change  in  volume  resulting  from  the  chemical  combination 
is  relatively  small,  the  effect  of  the  solvate  formation  may  not  be 
sufficient  to  modify  appreciably  the  influence  of  those  factors  which 
otherwise  determine  the  connexion  between  the  total  volume  change 


FORMATION   OF   DILUTE   SOLUTIONS.      PART   II.  1901 

and  the  nature  of  the  solvent.  On  the  other  hand,  if  the  change 
in  volume  due  to  solvate  formation  is  relatively  large,  the  influence 
of  the  internal  pressure  and  the  compressibility  of  the  solvent  on 
the  observed  change  in  volume  may  be  completely  overshadowed. 

From  equation  (6)  and  the  above  considerations  relating  to 
solvate  formation,  it  follows  that,  in  general,  the  volume  changes 
which  occur  when  the  same  quantity  of  iodine  is  dissolved  in 
different  solvents  to  form  dilute  solutions  are  dependent  on  (1)  the 
internal  pressure  of  the  solvent,  (2)  the  compressibility  of  the 
solvent,  and  (3)  the  contraction  which  accompanies  the  chemical 
combination  of  a  smaller  or  larger  proportion  of  the  iodine  with  the 
solvent. 

Whatever  the  nature  of  the  dissolved  substance,  these  are  the 
determining  factors,  and  the  only  reason  for  the  selection  of  iodine 
for  consideration  is  tTie  fact  that  more  evidence  in  regard  to  its 
molecular  condition  in  solution  in  different  types  of  solvents  has 
been  obtained  than  in  the  case  of  any  other  single  substance.  The 
advantages  attaching  to  the  examination  of  a  coloured  substance, 
such  as  iodine,  which  is  characterised  by  specific  activity  towards 
visible  light  rays,  are  not  inconsiderable  from  the  point  of  view  of 
the  general  theory  of  solutions.  Other  specific  properties,  such  as 
optical  rotatory  power,  are  of  still  greater  value  in  connexion  with 
quantitative  measurements,  and  the  importance  of  optical  activity 
on  the  part  of  one  of  the  components  of  a  solution  in  connexion 
with  the  investigation  of  the  nature  of  solutions  has  been  rightly 
emphasised  by  Winther  {Zeitsch.  pkysikal.  Chem.,  1907,  60,  590, 
641,  685). 

From  the  experimental  data  for  solutions  of  iodine  and  naph- 
thalene recorded  in  Part  I.  (loc.  cit.),  the  conclusion  was  drawn 
that  the  changes  in  volume  associated  with  different  solvents  cannot 
in  general  be  accounted  for  by  reference  to  'the  internal  pressures 
or  other  properties  of  the  solvents.  This  conclusion  is  consistent 
with  the  result  which  is  now  obtained  as  a  consequence  of  a  closer 
examination  of  the  factors  which  are  operative  in  determining  these 
volume  changes.  In  view  of  the  fact  that  the  volume  change  is,  in 
.-•eneral,  determined  by  three  independent  factors,  it  is  not  possible 
'o  subject  the  experimental  results  to  any  very  detailed  analyses. 
'  'ertain  relationships  having  an  obvious  connexion  with  the  view 
lovcloped  in  this  paper  may,  however,  be  referred  to. 

When  the  fifteen  solvents  investigated  are  arranged  according  to 

he  magnitude  of  the  change  in  volume  which  occurs  when  iodine 

18  dissolved  in   them,  we  obtain  a  series  in  which  nitrobenzene  is 

the  first  member,  and  ethyl  ether  the  last.     Per  gram-molecule  of 

iodine,  the  formation  of  a  solution  in  nitrobenzene  is  accompanied 
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by  an  expansion  of  87  c.c,  and  in  ethyl  ether  by  a  contraction  of 
8"0  c.c*  Of  all  the  solvents  examined,  nitrobenzene  is  the  least 
compressible,  and  ethyl  ether  is  by  far  the  most  compressible,  and 
since  the  internal  pressures  of  the  two  liquids  are  not  very  different, 
the  observed  volume  changes  are  obviously  in  accordance  with  what 
would  be  anticipated  from  equation  (6).  With  naphthalene  as 
dissolved  substance,  the  relative  volume  changes  in  the  case  of  these 
two  solvents  are  quite  similar,  in  that  nitrobenzene,  as  the  second 
member  of  the  series  of  fifteen  solvents,  shows  the  next  largest 
expansion,  whilst  ethyl  ether  gives  rise  to  by  far  the  largest 
contraction. 

Carbon  tetrachloride  and  carbon  disulphide  are  two  other  solvents 
which  may  be  compared.  Both  yield  violet  solutions,  and  the 
dissolved  iodine  is  therefore  probably  present,  for  the  most  part, 
in  the  free  condition;  their  compressibilities  also  appear  to  be 
approximately  equal.  In  these  circumstances  a  connexion  between 
the  volume  changes  ^nd  the  internal  pressures  of  the  solvents  may 
be  expected.  According  to  Walden  and  Traube,  the  internal 
pressure  of  carbon  disulphide  is  about  50  per  cent,  greater  than 
that  of  carbon  tetrachloride,  and  in  agreement  with  this  it  is  found 
that  the  solution  of  one  gram-molecule  of  iodine  in  carbon  tetra- 
chloride is  accompanied  by  an  expansion  of  7"3  c.c,  whereas  the 
corresponding  expansion  for  the  solution  in  carbon  disulphide  is 
only  2'6  c.c.  When  the  volume  changes  associated  with  the 
formation  of  solutions  of  naphthalene  in  these  two  solvents  are 
compared,  the  relative  positions  are,  however,  reversed.  For  a 
gram-molecule  of  naphthalene,  there  is  a  contraction  of  0'75  c.c. 
in  carbon  tetrachloride,  and  an  expansion  of  1'35  c.c.  in  carbon 
disulphide.  In  the  case  of  naphthalene  there  is  no  evidence  of 
the  molecular  condition  of  the  dissolved  substance  apart  from  its 
degree  of  complexity,  and  the  relative  volume  changes  lead  to  the 
supposition  that  the  naphthalene  enters  into  combination  with 
carbon  tetrachloride  to  form  addition  compounds  to  a  greater  extent 
than  it  does  in  the  case  of  carbon  disulphide. 

In  reference  to  the  view  that  brown  solutions  of  iodine  contain 
a  considerable  proportion  of  the  iodine  in  combination  with  the 
solvent,  the  fact  may  be  mentioned  that  all  solutions  which  contain 
combined  iodine  in  the  form  of  polyiodides  of  the  alkali  and  alkaline 
earth  metals  and  of  hydrogen  appear  to  have  a  brown  colour.  In 
certain  cases,  as,  for  example,  the  brown  solution  in  pyridine,  direct 
evidence  of  combination  of  iodine  with  the  solvent  has  been  obtained 
by  the  isolation  of  a  crystalline  compound  (Waentig,  loc.  cit.). 
In  others,  the  brown  colour  is  probably  due  in  a  large  measure  to 

*  These  changes  in  volnmo  refer  to  the  liquid  solute. 
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iodine  compounds  which  are  formed  as  a  result  of  double  decom- 
position. Acetone,  which  has  been  frequently  used  as  a  solvent 
for  iodine  in  investigations  relating  to  the  cause  of  the  differences 
in  colour  exhibited  by  iodine  solutions,  belongs  to  this  class. 

It  has  been  shown  (Dawson  and  Leslie,  Trans.,  1909,  95,  1860) 
that  iodine  reacts  rapidly  with  acetone,  forming  hydrogen  iodide 
and  acetone,  and  that  a  condition  of  equilibrium  is  established  as 
a  consequence  of  the  reversibility  of  the  reaction.  In  the  case  of 
a  solution,  prepared  by  dissolving  one  gram-molecule  of  iodine  in 
100  gram-molecules  of  acetone,  about  45  per  cent,  of  the  iodine 
is  converted  into  hydrogen  iodide.  In  the  resulting  solution,  the 
iodine,  which  has  not  been  acted  on  by  the  acetone,  is  largely 
combined  with  the  hydrogen  iodide  in  the  form  of  a  polyiodide, 
and,  in  all  probability,  the  colour  and  the  absorption  spectrum  of 
this  solution  correspond  with  that  of  iodine,  which  is  thus  combined 
with  one  of  the  products  resulting  from  the  interaction  of  the 
solute  and  the  solvent.  Other  ketones  react  similarly  with  iodine, 
and  it  is  not  unlikely  that  tEe  colour  of  solutions  of  iodine  in  other 
solvents  may  be  in  part  due  to  the  same  cause. 

These  facts  add  weight  to  the  conclusion  that  solutions  of  iodine 
do  not,  in  general,  belong  to  the  type  of  "  normal "  solutions  as 
defined  in  this  paper,  and  on  this  account  the  absence  of  any  general 
connexion  between  the  measured  changes  in  volume  and  the 
formation  of  these  solutions  and  the  internal  pi'essures  and  com- 
pressibilities of  the  solvents  is  not  surprising.  It  may  be  that 
solutions  of  naphthalene  approximate  more  closely  to  this  type, 
but,  in  any  case,  the  observed  lack  of  parallelism  between  the  volume 
changes  for  these  two  substances  in  the  same  series  of  solvents  is 
consistent  with  the  view  that  the  dissolved  substances  combine  to 
an  appreciable  extent  with  the  various  solvents. 
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ecu. — The    Constitution  of   the  Benzenetetracarhoxylic 

Acids. 

By  Hannah  Bamford  and  John  Lionel  Simonsen. 

During  the  course  of  an  investigation  whicli  is  described  in  the 
succeeding  paper  (p.  1910),  it  became  necessary  definitely  to  deter- 
mine the  constitution  of  two  of  the  benzenetetracarhoxylic  acids, 
namely,  prehnitic  and  mellophanic  acids.  The  three  isomeric 
benzenetetracarhoxylic  acids  were  first  obtained  by  Baeyer 
(Ann<zlen,  1873,  166,  325)  during  the  course  of  his  classical 
researches  on  mellitic  acid.  It  is  unnecessary  here  to  enter  into  the 
reasoning  by  which  he  deduced  the  formulae  to  be  ascribed  to  these 
acids,  and  it  will  suffice  to  point  out  that  whilst  he  proved  con- 
clusively (loc.  cit.,  p.  344)  pyromellitic  acid  to  be  benzene- 
1 :  2  :  4 :  5-tetracarboxylic  acid,  he  was  unable  to  decide  whether 
prehnitic  acid  was  benzene-1 :  2  :  3  :  4-  or  -1 :  2  :  3  :  5-tetracarboxylic 
acid.  He  inclined  to  the  latter  view,  however  (loc.  cit.,  p.  344), 
because  he  found  that  this  acid  only  yields  a  monoanhydride, 
whilst  if  it  had  possessed  four  adjacent  carboxyl  groups  it  should 
give  a  dianhydride. 

The  question  remained  undecided  until  O.  Jacobsen  {Ber.,  1884, 
17,  2517)  by  the  oxidation  of  isodurene  obtained  an  acid  which 
was  shown  by  direct  comparison  to  be  identical  with  Baeyer's  mello- 
phanic acid.  Now,  since  isodurene  was  obtained  from  bromo- 
mesitylene,  it  followed  that  mellophanic  acid  must  be  benzene- 
1 :  2  :  3 :  5-tetracarboxylic  acid,  and  hence  prehnitic  acid  would  be 
the  1 :  2  :  3  :  4-isomeride.  Purther  evidence  in  support  of  this  view 
was  obtained  by  Tohl  (Be?:,  1888,  21,  907),  who  oxidised  prehnitene 
and  isolated  an  acid  which  showed  all  the  properties  of  prehnitic 
acid. 

As  the  present  authors  had  obtained  results  which  seemed  to 
throw  some  doubt  on  these  experiments,  it  was  decided  to  endeavour 
to  devise  methods  for  preparing  prehnitic  and  mellophanic  acids 
which  would  leave  no  douTjt  as  to  their  constitution. 
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A  ready  means  of  carrying  this  out  appeared  to  be  to  prepare 
mesitylenecarboxylic  acid  and  to  oxidise  this  to  the  corresponding 
tetrabasic  acid. 

Mesitylenecarboxylic  acid  (II)  was  found  to  be  most  conveniently 
obtained  by  the  action  of  magnesium  and  carbon  dioxide  on  bromo- 
mesitylene  (I),  and  on  oxidation  with  nitric  acid  under  the  con- 
ditions described  in  the  experimental  part  of  this  paper  (p.  1907), 
it  was  found  to  be  converted  quantitatively  into  benzene-1 :  2  :  3  :  5- 
tetracarboxylic  acid  (III). 

The  substance  obtained  in  this  way  showed  all  the  properties 
ascribed  by  Baeyer  to  the  acid  called  by  him  prehnitic  acid,  and 
there  can  therefore  be  little  doubt  that  this  acid  is  really  benzene- 
1 :  2 :  3 :  5-tetracarboxylic  acid.  This  view  also  receives  support 
from  the  following  stereochemical  considerations :  (a)  The  acid  yields 
only  a  monoanhydride  (Baeyer,  loc.  cit.) ;  (&)  when  esterified  in  the 
cold  with  methyl  alcohol  and  hydrochloric  acid  it  gives  a  dimethyl 
ester  (compare  Meyer  and  Sudborough,  Ber.,  1894,  27,  1591),  which 
probably  has  the  constitution  (IV) ;  {c)  when,  however,  the  acid  is 
esterified  by  means  of  alcohol  and  sulphuric  acid  by  heating  on 
the  water-bath  in  the  usual  manner,  it  yields  a  triethyl  ester  which 
undoubtedly  has  the  constitution  (V). 

Having  shown  conclusively  that  prehnitic  acid  is  benzene- 
1 :  2 :  3 :  5-tetracarboxylic  acid,  it  seemed  that  mellophanic  acid 
must  be  benzene-1 :  2 :  3 :  4-tetracarboxylic  acid,  but  in  order  to  be 
certain  it  was  decided  to  synthesise  this  acid. 

For  this  purpose  a  large  amount  of  1 :  4-dimethylnaphthalene  was 
prepared,  and  this,  on  oxidation  with  nitric  acid,  gave  a  mixture  of 
acids,  from  which  a  tetrabasic  acid  was  separated;  this  possessed 
all  the  properties  of  Baeyer's  mellophanic  acid. 

When  the  silver  salt  of  the  acid  was  heated  with  methvl  iodide, 
a  neutral  tetramethyl  mellophanate  (m.  p.    133°)  was  obtained. 

Since  mellophanic  acid  is  1 :  2 :  3 :  4-benzenetetracarboxylic  acid, 
it  should,  in  accordance  with  the  usual  views  on  steric  hindrance, 
yield  only  a  diacid  ester  by  the  direct  process  of  esterification. 
This  is  probably  the  case,  since  no  trace  of  neutral  tetraethyl  mello- 
phanate was  produced  on  heating  the  acid  with  alcohol  and  sulphuric 
acid.  A  barium  salt  was  isolated  by  treatment  of  the  reaction 
product  with  baryta  and  subseqiient  evaporation,  and  this  gave  on 
titration  results  which  indicated  it  to  be  a  barium  salt  of  the 
diacid  ester  with  two  or  three  molecules  of  water  of  crystallisation. 
The  direct  determination  of  the  water  of  crystallisation  gave  entirely 
anomalous  results,  and  this  important  point  will  therefore  be  re- 
investigated. It  is  clear,  however,  that  the  acid  cannot  be  com- 
pletely esterified  by  the  usual  process. 
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As  the  result  of  these  experiments  there  can  therefore  be  little 
doubt  that  prehnitic  acid  and  mellophanic  acid  are  respectively 
benzene-1 :  2  :  3  :  5-  and  -1 :  2  :  3  :  4-tetracarboxylic  acids. 

It  is  somewhat  difficult  to  see  how  Jacobsen  (loc.  cit.)  obtained 
from  isoduTene  the  acid  which  he  showed  to  be  identical  with 
Baeyer's  mellophanic  acid,  since  he  prepared  his  hydrocarbon  by 
the  action  of  methyl  iodide  and  sodium  on  bromomesitylene.  It  is 
hardly  likely  that  any  rearrangement  of  groups  would  take  place 
during  this  reaction,  as  such  rearrangement  only  appears  to  take 
place  in  the  presence  of  aluminium  chloride.  We  are  therefore 
driven  to  the  conclusion  that  the  hydrocarbon  used  by  Jacobsen  in 
his  experiments  cannot  have  been  mesitylene,  and  must  have  con- 
sisted mainly  of  i/'-cumene. 

It  has  already  been  mentioned  that  Tohl  (loc.  cit.)  obtained 
prehnitic  acid  by  the  oxidation  of  prehnitene,  which  hydrocarbon  is 
prepared  by  the  degradation  of  pentamethylbenzene  by  means  of 
sulphuric  acid.  He,  however,  offers  no  proof  of  the  constitution  of 
his  hydrocarbon  apart  from  the  fact  that  it  was  identical  with 
that  previously  obtained  by  Jacobsen  {Ber.,  1886,  19,  1213;  1887, 
20,  901).  Jacobsen  isolated  this  hydrocarbon  by  the  action  of 
hydrochloric  acid  on  a  sulphonamide  prepared  from  durene  and  by 
the  degradation  of  pentamethylbenzene,  two  reactions  which  offer 
no  proof  of  constitution,  and  the  only  grounds  for  considering  that 
prehnitene  is  1 :  2  :  3  :  4-tetramethylbenzene  is  because  it  is  isomeric 
with  the  hydrocarbon  he  obtained  by  the  action  of  methyl  iodide 
and  sodium  on  bromomesitylene,  and  that  it  does  not  give  pyro- 
mellitic  acid  on  oxidation.  If,  then,  the  hydrocarbon  obtained  by 
Jacobsen  from  bromomesitylene  is  1:2:3:  4-tetramethylbenzene, 
then  prehnitene  must  be  1 :  2 :  3 :  5-tetramethylbenzene. 

Further  experiments  on  this  interesting  subject  are  in  progress. 
Unfortunately,  the  wrong  conception  of  the  nature  of  prehnitic 
acid  and  of  prehnitene,  which  has  so  long '  prevailed,  has  led  to 
much  confusion  in  assigning  constitutional  formulae  on  the  basis  of 
these  substances  being  1 :  2 :  3 :  4-substitution  derivatives  of 
benzene. 

EXPEKIMENTAL. 

Prehnitic  Acid  (Benzene-!'.  2:3:  S-tetracarboxi/lic  Acid). 

Mesitylenecarhoxylic  Acid. — Bromomesitylene  (20  grams)  was 
added  to  magnesium  (2'4  grams)  suspended  in  dry  ether,  the 
magnesium  having  first  been  treated  with  a  small  amount  of  methyl 
iodide  in  order  to  render  it  reactive.  A  vigorous  reaction  ensued, 
and  when  this  had  ceased,  the  mixture  was  heated  on  the  water- 
bath  until  all  the  magnesium  had  passed  into  solution.  After  being 
kept   cold   overnight,   a  slow   stream   of    dry  carbon    dioxide  was 
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passed  into  the  ethereal  solution  of  the  raagnesinm  compound,  when 
a  heavy  oil  slowly  separated.  Ice  and  dilute  hydrochloric  acid  were 
then  added,  and  the  ethereal  layer  was  separated  and  washed  with 
sodium  carbonate  solution. 

On  acidifying  the  latter  solution,  a  colourless,  crystalline  pre- 
fcipitate  (7'5  grams)  separated,  which  was  collected  and  dried.  The 
mesitylenecarboxylic  acid  obtained  in  this  way  was  purified  by 
crystallisation  from  light  petroleum,  from  which  it  separated  in 
glistening  prisms,  possessing  the  correct  melting  point,  151 — 152°. 
(Found,  C  =  72-9 ;  H  =  7-4.     Calc,  C  =  73-4 ;  H  =  7-3  per  cent.) 

Oxidation  of  Mesitylenecarhoxylic  Acid  to  Prehnitic  Acid. — 
Mesitylenecarboxylic  acid  (1  gram)  was  mixed  with  10  c.c.  of  dilute 
nitric  acid  (D  1'15),  and  heated  in  a  sealed  tube  for  eight  hours 
at  170 — 180°.  After  removing  the  nitric  acid  by  evaporation  on 
the  wat«r-bath,  the  prehnitic  acid  was  purified  by  repeated 
crystallisation  from  hydrochloric  acid,  from  which  it  separated  in 
small  prisms.  After  drying  at  100°  to  remove  water  of  crys- 
tallisation, it  was  analysed.  (Found,  C  =  46'8;  H  =  2'3.  Calc, 
C  =  47-2;  H  =  2-3  per  cent.) 

Prehnitic  acid  melts  at  252°,  previously  softening  at  about  240°, 

and    is   converted    into  the  anhydride,  melting    at  238°,    whereas 

Baeyer  (Annalen,  1873,  166,  328)  states  that  it  begins  to  melt  at 

237°,   becoming  completely   liquid   at  250°,  whilst   the   anhydride 

-melts  at  238°.     That  it  was  a  tetrabasic  acid  was  shown  by  titration 

rith   standard  sodium   hydroxide,  when  it  was   found  that   0'096 

leutralised  0'058NaOH,  whereas  a  tetrabasic  acid,  CjoHgOg,  should 

leutralise  0"06008NaOH.     When  barium  chloride  was  added  to  an 

jueous  solution  of  prehnitic  acid  and   the  solution   warmed,   an 

imediate  precipitate  of  the  barium  salt  of  the  acid  was  obtained. 

[After  drying  at  the  temperature  of  the  laboratory  for  two  days,  it 

[was  analysed,   when  it  was  found   to  have  the  composition  given 

[to  the   barium  salt  of  prehnitic   acid  by  Baeyer   (Annalen,   1873, 

[166,  332): 

0-2354  lost  00122  H2O  at  100°.     H20  =  5-2. 
0-1514  gave  00502  BaSO^.     Ba=  19-4. 
(CioH508)2Ba,3H20  requires  Ba  =  19-6;  2H20  =  5-4  per  cent. 

The  barium  salt,  when  dried  at  100°,  gave  the  following  result : 

0-2197  gave  00775  BaS04.     Ba  =  20-70. 

(CioH508)2Ba,H20  requires  Ba  =  20-8  per  cent. 

Tetramethyl  Prehnitate,  CfiH2(C02Me)4. — Tetramethyl  prehnitate 
has  already  been  isolated  by  Baeyer  {Annalen,  1873,  166,  333)  by 
the  action  of  methyl  iodide  on  the  silver  salt  of  the  acid.  A 
[repetition  of  this  process  yielded  the  ester  in  beautiful,  colourless 
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needles,  which,  after  crystallisation  from  methyl  alcohol,  melted  at 
108—109°  (Baeyer  gives  104—109°).  (Found,  C  =  54-l;  H  =  4-5. 
Calc.,  C  =  54-2;  H  =  4-5  per  cent.) 

Triethyl  Hydrogen  Prehnitate,  C6H2(C02Et)3'C02H. 

This  ester,  which  does  not  seera  to  have  been  previously  obtained, 
is  readily  formed  when  prehnitic  acid  is  treated  with  alcohol  and 
sulphuric  acid  in  the  usual  manner.  It  was  purified  by  repeated 
crystallisation  from  a  mixture  of  benzene  and  light  petroleum, 
when  it  separated  in  colourless  clusters  of  needles,  which  melt  at 
about  108—110°: 

0-123  gave  0-2625  COg  and  0-0601  HgO.     C  =  58-2;  H  =  5-4. 
CjyHjgOg  requires  C  =  58-3;  H=5-l  per  cent. 

Triethyl  hydrogen  'prehnitate  is  readily  soluble  in  most  organic 
solvents  with  the  exception  of  light  petroleum.  Its  probable  con- 
stitution has  already  been  discussed  in  the  introduction  (p.  1905). 

Dimethyl  Dihydrogen  Prehnitate,  C6H2(C02Me)2(C02H)2.* 

It  has  already  been  pointed  out  by  Meyer  and  Sudborough  {Ber., 
1894,  27,  159)  that  when  a  methyl-alcoholic  solution  of  prehnitic 
acid  is  treated  with  hydrogen  chloride  in  the  cold,  only  a  dimethyl 
ester  is  formed.  This  result  has  been  confirmed,  but  the  melting 
point  of  the  ester  when  crystallised  from  a  mixture  of  acetone  and 
light  petroleum  was  found  to  be  about  191°,  and  not  176 — 177°, 
as  stated  by  them.     The  silver  salt  was  analysed : 

0-0519  gave  0-0225  Ag.     Ag-43-3. 

Cj2Hg08Ag2  requires  Ag  =  43-5  per  cent. 

Mellophanic  Acid  (Benzene-1:  2:3:  A-tetracarboxylic  Acid). 

Oxidation  of  1  :  A-Dimethylnaphthalene.  —  1 :  4-Dimethylnaph- 
thalene  (2  c.c),  pi'epared  as  described  by  Giovannozzi  (Gazzetta, 
1882,  12,  147),  was  mixed  with  40  per  cent,  nitric  acid  (20  c.c), 
and  heated  in  a  sealed  tube  at  170 — 180°  for  eight  hours.  The, 
clear  solution  was  evaporated  to  dryness  on  the  water-bath,  when 
a  semi-solid,  crystalline  mass  was  obtained,  which  evidently  con- 
sisted of  a  mixture  of  acids. 

In  order  to  separate  the  mellophanic  acid,  a  somewhat  tedious 
process  of  purification  had  to  be  adopted.  The  crude  acid  was 
dissolved  in  as  little  water  as  possible,  and  the  sohition  treated  with 
excess  of  stannous  chloride  and  concentrated  hydrochloric  acid  for 
two  hours  on  the  water-bath.     The  strongly  acid  mixture  was  then 

*  My  an  oversi^lit,  Stewart  stat((.s  (Stereochemistry,  p.  341)  tliat  prehnitic  acid 
forms  a  tetratuetliyl  ester  when  estcriliud  in  the  usual  manner. 


r 
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evaporated  to  dryness,  the  residue  dissolved  in  water,  and  the  tin 
precipitated  with  hydrogen  sulphide.  After  separating  the  tin 
sulphide,  the  solution  was  again  evaporated  to  dryness,  and  the 
mixture  of  phthalic  and  mellophanic  acids  extracted  with  dry  ether 
in  a  Soxhlet  apparatus,  when  it  was  found  that  the  aftiino-acids, 
which  were  present  as  hydrochlorides,  were  not  dissolved.  As  pre- 
liminary experiments  showed  it  to  be  a  matter  of  some  difficulty 
to  separate  the  mellophanic  and  phthalic  acids  by  fractional 
crystallisation,  they  were  converted  into  their  silver  salts  in  the 
usual  manner,  and  the  dry  silver  salts  were  digested  with  methyl 
iodide  in  benzene  solution  for  some  hours  on  the  water-bath.  After 
separating  from  the  silver  iodide,  the  benzene  was  removed,  when 
a  viscid  oil  was  obtained,  which  on  trituration  with  ether  partly 
solidified.  The  solid  ester,  which  was  found  to  consist  of  methyl 
mello'phan<ite,  was  separated  and  purified  by  repeated  crystallisation 
from  methyl  alcohol : 

0124  gave  02455  CXDa  and  00552  HgO.     C  =  o40;  H  =  4'9. 
Ci4Hi^08  requires  C  =  54*2j  H  =  4"5  per  cent. 

Methyl  mellophanate,  which  does  not  appear  to  have  been  pre- 
viously described,  separates  from  methyl  alcohol  in  long,  glistening 
needles,  melting  at  133 — 135°.  It  is  readily  soluble  in  benzene, 
ethyl  acetate,  or  acetone,  but  only  sparingly  so  in  ether,  light 
petroleum,  or  cold  methyl  alcohol. 

In  order  to  obtain  the  free  acid,  the  methyl  ester  was  hydrolysed 
in  the  usual  manner  with  alcoholic  potassium  hydroxide,  and,  after 
removing  the  alcohol  on  the  water-bath,  the  solution  was  acidified, 
evaporated  to  dryness,  and  the  acid  extracted  with  ether  in  a 
Soxhlet  apparatus.  The  crude  acid  was  purified  by  crystallisation 
from  hydrochloric  acid,  when  it  was  found  to  soften  slightly  at 
225°,  and  melt  and  decompose  at  238°  wijth  formation  of  the 
anhydride  (compare  Baeyer,  Inc.  cit.).  (Found,  C  =  4702;  H  =  2-3. 
Calc,  C  =  47-2;  H  =  2-3  per  cent.)  The  basicity  of  the  acid  was 
determined  by  titration  with  normal  sodium  hydroxide,  when  it  was 
found  that  00648  neutralised  00404NaOH,  whereas  a  tetrabasic 
acid,  CioHeOg,  should  neutralise  004081NaOH. 

Mellophanic  acid  is  readily  soluble  in  water  or  acetone,  but  only 
sparingly  so  in  most  organic  solvents. 

Thk  Univkrsitt,  The  Presidency  Collkok, 

Marchmtkb.  Madras. 
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CCIII. — Ethyl  6-Methyl-2,-pyrone-S  :  5-dicarboxyIatG 
and  its  Conversion  into  Methyltrimesic  Acid. 

By  John  Lionel  Simonsen. 

In  a  recent  communication  (Trans.,  1908,  98,  1022)  the  author 
described  the  preparation  of  ethyl  6-methyl-2-pyrone-3 :  5-di- 
carboxylate,  and  pointed  out  that  on  hydrolysis  with  alkaline 
reagents  it  gave  rise  to  an  acid  to  which  the  empirical  formula 
G^TELffy^  was  given,  and  it  was  suggested  that  this  might  possibly 
be  l-methyl-Ai  =  3-c?/c^obutadiene-2  :  4-dicarboxylic  acid,  internal  con- 
densation having  taken  place  in  the  following  manner : 

^^^U(C02Et):CMe^^         ^       ^'^^^C(C02H):CMe-01I       ~"^ 

(I.)  du 

Since  an  acid  possessing  this  constitution  would  be  of  theoretical 
interest  from  several  points  of  view,  further  experiments  were 
instituted  with  the  object  of  subjecting  it  to  a  more  searching 
investigation. 

It  seemed,  in  the  first  place,  desirable  to  devise  a  means  of 
directly  synthesising  the  ethyl  ester  of  a-acetylglutaconic  acid  (I), 
since,  if  the  above  reasoning  were  correct,  this  ester  should,  on  treat- 
ment with  suitable  reagerits,  readily  be  converted  into  1-metliyl- 
Ai=3.gyt.^obutadiene-2 :  4-dicarboxylic  acid  (II).  This  synthesis  was 
easily  carried  out  by  the  condensation  of  ethyl  propiolate  and  ethyl 
sodioacetoacetate,  when  the  reaction  proceeds  quite  normally  with 
the  formation  of  ethyl  a-acetylglutaconate, 

COjEt-C-CH  +  CHgAc-COgEt        — > 

COjEfCHICH-CHAc-COgEt, 

(I-) 
the    reaction   proceeding  on    somewhat   similar   lines  to   the   con- 
densation   of    ethyl     phenylpropiolate    and    ethyl    acetoacetato    so 
exhaustively  investigated  by  Ruhemann  (Trans.,  1899,  76,  251). 

At  the  same  time,  however,  a  further  reaction  takes  place,  and 
a  small  quantity  of  a  crystalline  solid  was  isolated,  wliich  melted 
at  48°,  and  was  found  to  be  identical  with  tlie  ethyl  ester  of  the 
acid  previously  obtained  by  the  hydrolysis  of  ethyl  6-methyl- 
2-pyrone-3  :  5-dicarboxylate  (loc.  cit.,  p.  1028).  The  isolation  of  this 
ester  was  at  first  thought  to  be  additional  evidence  in  favour  of 
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the  original  view  of  the  constitution  of  the  acid  C7Hg04,  which 
•was,  moreover,  supported  by  the  fact  that  ethyl  a-acetylglutaconate, 
on  hydrolysis  with  barium  hydroxide,  yielded,  besides  glutaconic 
acid,  a  small  quantity  of  the  same  aciH  (see  p.  1914).  As  the  result 
of  further  experiments  this  view  had  to  be  abandoned,  and  the 
conclusion  was  drawn  that  this  acid,  supposed  to  be  C7H6O4,  was 
in  all  probability  a  methylbenzenetricarboxylic  acid,  CjoHgOg. 

During  the  course  of  his  classical  investigation  of  coumalinic  acid, 
von  Pechmann  (^Annalen,  1891,  264,  293)  showed  that  when  the 
methyl  ester  of  coumalinic  acid  was  hydrolysed  with  aqueous 
sodium  hydroxide  it  was  converted  into  the  monomethyl  ester  of 
trimesic  acid,  the  reaction  taking  place  on  the  following  lines : 

PTT,^CH  ^^^n     V     pxi^CH-COgH 

'"^^C(C02Me):CH^^      ~^     ^^^C(C03Me):CH-0H     ~^ 

jj^CH.CO,H  CH-OH 

Taking  these  facts  into  consideration,  it  appeared  probable  that 
the  hydrolysis  of  ethyl  6-methyl-2-pyrone-3 :  5-dicarboxylate  had 
proceeded  in  an  analogous  manner  with  the  formation  of  a  methyl- 
trimesic  acid: 

^*^^C(C02Et):CMe'^"     -^     ^"^C(C02Et):CMe-0H     "^ 
(III.)  (IV.) 

PPf^CH-COjEt  OH-CH 

'''^^C(C02Et):CMe-0H  CH-CO^Et         "^ 

(1.) 
Cjj^C(CO,H)-CH^  .^jj^CH-CO^Et  _^ 

''^'X!{C02H):CMe-^^  ^^^^^      ^^^C(C02Et):CMe-0H     "^ 
(VI.) 

CH(OH):CH-COjEt  +  CHjAc-CO.Et. 

(V.) 

The  2-pyrone  (III)  is  converted,  in  the  first  place,  into  the 
diethyl  ester  of  o'-carboxy-o-acetylglutaconic  acid  (IV),  which,  with 
loss  of  carbon  dioxide,  passes  into  ethyl  a-acetylglutaconate  (I). 
Half  of  the  ethyl  a-acetylglutaconate  then  undergoes  decomposition 
into  ethyl  formylacetate  (V)  and  ethyl  acetoacetate,  and  the  ethyl 
formylacetate  thus  generated  combines  with  the  unchanged  ethyl 
a-acetylglutaconate,  with  loss  of  two  molecules  of  water  and 
formation  of  methyltrimesic  acid  (VI). 

If  this  constitution  be  accepted  for  the  acid,  the  formation  of  its 
«thyl  ester  by  the  interaction  of  ethyl  propiolate  and  ethyl  aceto- 
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acetate  is  readily  explained.  It  may  be  assumed  that  two  molecules 
of  ethyl  propiolate  condense  with  one  of  ethyl  acetoacetate  in 
accordance  with  the  following  scheme: 
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On  examining  the  literature,  it  was  found  that  only  one  other 
methylbenzenetricarboxylic  acid  is  known.  This  was  obtained  by 
Doebner  {Annaltn,  1900,  311,  136)  by  the  condensation  of  pyruvic 
acid  and  glyoxylic  acid  and  fusion  of  the  resulting  phthalidetri- 
carboxylic  acid  with  potassium  hydroxide : 
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Doebner  considered  that  benzene-1 :  2 :  4-tricarboxylic  acid  (VII) 
was  first  formed,  which  then  condensed  with  a  further  molecule  of 
glyoxylic  acid  to  give  phthalidetricarboxylic  acid  (VIII),  and  this, 
on  subsequent  fusion  with  potassium  hydroxide,  gave  1-methyl- 
benzene-2 :  3 :  6-tricarboxylic  acid  (IX).  He  based  this  view  of  the 
constitution  on  the  fact  that  on  oxidation  with  potassium  per- 
manganate, phthalidetricarboxylic  acid  gave  prehnitic  acid,  which 
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he  regarded  as  benzene-1 : 2  :  3  :  4-tetracarboxylic  acid  (X).  Now, 
since  it  has  been  shown  in  tlae  preceding  communication  (p.  1904) 
that  prehnitic  acid  is  benzene-1 :  2 :  3 :  5-tetracarboxylic  acid 
(XIII),  it  follows  that  the  acid  obtained  by  Doebner  cannot  be 
l-methylbenzene-2  :  3  :  6-tricarboxylic  acid. 

Probably  the  condensation  described  by  Doebner  proceeds  on  the 
following  lines.  Benzene-1 :  2 :  4-tricarboxylic  acid  (VII)  is  first 
formed,  and  this  then  condenses  with  glyoxylic  acid  to  give  the 
isomeric  phthalidetricarboxylic  acid  (XI),  which,  on  fusion  with 
potassium  hydroxide,  would  give  l-methylbenzene-2 :  3 :  5-tri- 
carboxylic  acid  (XII),  and  on  oxidation  with  potassium  per- 
manganate, prehnitic  acid  (XIII).  This  view  of  the  condensation 
is  also  more  probable  on  stereochemical  grounds. 

In  order  to  leave  no  doubt  as  to  the  constitution  of  the  methyl- 
trimesic  acid  obtained  in  this  investigation,  it  was  oxidised  with 
nitric  acid  or  potassium  permanganate,  when  the  tetracarboxylic 
acid  was  formed,  and  was  shown  to  be  in  every  way  identical  with 
prehnitic  acid  (benzene-1 :  2 :  3 :  5-tetracarboxylic  acid). 

Experimental. 

Condensation  of  Ethyl  Acetoacetate  and  Ethyl  Propiolate. 

Formation  of  Ethyl  Methyltrimesate  and  Ethyl  a-Acetylglutaconate. 

Sodium  (r3  grams)  was  dissolved  in  alcohol,  and,  after  the 
addition  of  ethyl  acetoacetate  (7'8  grams),  ethyl  propiolate  (59 
grams)  was  added  to  the  well-cooled  solution.  Much  heat  was 
generated,  and  the  reaction  mixture  rapidly  became  deep  red. 
After  being  kept  overnight,  water  was  added,  and  the  oil  which 
separated  was  dissolved  in  ether,  and  the  ethereal  solution  washed, 
dried,  and  evaporated.  The  residual  oil  was  carefully  fractionated 
under  diminished  pressure  (14  mm.),  when,  after  a  small  amount 
of  unchanged  ethyl  acetoacetate  had  passed  over,  it  was  found  to 
distil  between  210°  and  220°.  The  distillate  (3  grams)  was  cooled 
in  a  freezing  mixture,  when  it  rapidly  solidified,  and  after  draining 
on  porous  porcelain  it  was  crystallised  from  light  petroleum,  when 
it  melted  at  48°  : 

01315  gave  03013  COo  and  00796  H2O.     0  =  625;  H  =  6-7. 
CjgHigOg  requires  C  =  627;  H  =  5'9  per  cent. 

The  ethyl  methyltrimesate  obtained  in  this  manner  was  found  to 
be  in  every  respect  identical  with  that  previously  described  (loc.  cit.y 
p.  1028),  and  a  mixture  of  the  two  melted  sharply  at  48°. 

In  order  to  remove  any  doubt  as  to  the  identity  of  these  two 
substances,  a  small  quantity  of  the  pure  ester  (1  gram)  was  hydro- 
lysed  with  dilute  hydrochloric  acid,  and  after  removing  the  excess 
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of  hydrochloric  acid  by  evaporation,  the  methyltrimesic  acid  was 
purified  by  repeated  crystallisation  from  hot  water.  After  drying 
at  110°,  it  was  analysed: 

0-1097  gave  0-2152  COg  and  0-0395  HgO.     C  =  53-5;  H  =  4-0. 
CjoHgOg  requires  C  =  53-6;  H  =  3-6  per  cent. 

On  melting,  it  behaved  in  the  manner  characteristic  of  this  acid, 
commencing  to  sinter  at  268°,  and  decomposing  completely  at  300°. 

The  alkaline  mother  liquor,  from  which  the  ethyl  naethyltrimesate 
had  been  separated,  was  rendered  just  acid  with  dilute  hydrochloric 
acid,  when  an  oil  separated.  This  was  dissolved  in  ether,  the  ethereal 
solution  washed  with  dilute  sodium  carbonate,*  dried,  and 
evaporated,  and  the  residual  yellow  oil  fractionated  under 
diminished  pressure  (12  mm.),  when  it  was  found  to  distil  very 
constantly  at  158 — 160°.     Yield  5  grams: 

0-1535  gave  0-3244  QO^  and  0-0997  HgO.     C  =  57-6;  H  =  7-2. 
C^iHjeOg  requires  C  =  57-9;  H  =  7-0  per  cent. 

Ethyl  a-acetylglutaconate,  which  does  not  appear  to  have  been 
previously  described,  is  a  colourless  oil,  possessing  a  pleasant  ethereal 
odour.  Its  alcoholic  solution  gives  with  ferric  chloride  an  intense 
purple-violet  coloration. 

Hydrolysis  of  Ethyl  a-Acetylglutaconate. — For  the  hydrolysis  of 
this  ester,  barium  hydroxide  was  found  to  yield  the  most  satisfactory 
results. 

Ethyl  acetylglutaconate  (5  grams)  was  mixed  with  a  concen- 
trated solution  of  barium  hydroxide  [10  grams  crystallised 
Ba(0H)2],  and  after  boiling  for  two  hours  on  the  sand-bath,  the 
canary-yellow  solution  was  cooled  and  extracted  ten  times  with 
pure  ether.  On  removing  the  ether  an  oil  was  obtained  which 
rapidly  solidified,  and  after  draining  on  porous  porcelain  was 
crystallised  from  dry  ether,  when  it  was  found  to  separate  in  two 
distinct  forms,  consisting  of  fine,  colourless  needles  and  small,  hard, 
yellow  nodules.  These  were  separated,  as  far  as  possible,  mechani- 
cally, and  the  needles,  which  weighed  less  than  0-1  gram,  were  found 
to  consist  of  methyltrimesic  acid,  since  they  showed  the  characteristic 
melting  point  of  this  acid,  and  when  esterified  with  methyl  alcohol 
and  sulphuric  acid  yielded  an  ester  melting  at  107°. 

The  main  portion  of  the  acid,  which  separated  in  hard,  yellow 
nodules,  was  purified  by  repeated  crystallisation  from  ether  with 
the  aid  of  animal  charcoal,  when  it  was  obtained  in  colourless 
prisms,  melting  at  138°,  and  evidently  consisted  of  glutaconic  acid, 
which  melts  at  this  temperature  (Buchner,  Ber.,  1890,  23,  703). 
(Found,  C  =  45-9;  11  =  4-7.     Calc,  0  =  462;  H=4-6  per  cent.) 

*  The  sodium  carbonate  washings,  on  acidification,  yielded  a  small  amount  of  a 
viscid  oil  which  was  not  further  investigated. 
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Methyltrimesic  Acid,  CH3*CgH2(C09H)3. 

The  properties  of  methyltrimesic  acid  have  already  been  described 
(loc.  cit.,  p.  1027),  but  in  view  of  the  somewhat  unsatisfactory 
analytical  data  obtained,  further  experiments  were  instituted  with 
the  view  of  obtaining  this  acid  in  a  purer  state.  As  it  was  not 
readily  purified  by  repeated  crystallisation  from  hot  water,  the  acid 
was  dissolved  in  a  slight  excess  of  sodium  carbonate  and  oxidised 
with  a  dilute  solution  of  potassium  permanganate  in  the  cold  until 
a  permanent  pink  colour  was  obtained.  Aft^r  removing  the  excess 
of  potassium  permanganate  with  sulphur  dioxide,  the  manganese 
dioxide  was  removed,  and  the  alkaline  solution  concentrated  and 
acidified.  The  precipitated  a<;id  was  collected  and  repeatedly 
crystallised  from  hot  water,  from  which  it  separates,  when  pure,  in 
long,  prismatic  needles,  melting  at  the  temperature  previously 
given: 

01606  gave  0-3146  CO.2  and  00532  HoO.     0  =  535;  H  =  3-7. 
01392     „     0-2747  CO2  and  00459  H2O.     C  =  53-8;  H  =  3-6. 
CjoHgOg  requires  C  =  53-6;  H  =  3-6  per  cent. 

The  silver  salt  separates  as  a  caseous,  white  precipitate  when 
silver  nitrate  is  added  to  a  faintly  alkaline  solution  of  the 
ammonium  salt.     After  drying  at  100°,  it  was  analysed: 

0-1915  gave  0-114  Ag.     Ag  =  59-5. 

CjoHjOgAgg  requires  Ag  =  59-4  per  cent. 

Methyl  Methyltrimesate. — This  ester,  which  has  been  previously 
described,  when  pure  melts  at  107°,  and  not  at  106°  {loc.  cit., 
p.  1028).  A  pure  specimen  was  prepared  for  the  determination 
of  the  refractive  index ;  on  analysis  it  gave  the  following  figures : 

01349  gave  02888  CO2  and  00626  H^O.     0  =  584;  H  =  5-l. 
CigHj^Og  requires  0  =  586;  H  =  5-2  per  cent. 

Methyl  methyltrimesate  is  also  obtained  in  a  yield  of  965  per 
cent,  when  methyltrimesic  acid  is  esterified  by  the  method  used 
by  Meyer  and  Sudborough  {Ber.,  1894,  27,  1591).  The  acid  (05 
gram)  was  dissolved  in  methyl  alcohol  (10  c.c),  and  the  solution 
saturated  in  the  cold  with  hydrogen  chloride.  The  acid  immediately 
separated  out,  but  on  keeping  in  the  cold  slowly  redissolved,  and 
after  twelve  hours  the  liquid  was  filled  with  a  mass  of  felted 
iieedles.  These  were  dissolved  in  ether,  when  056  gram  of  the 
methyl  ester  was  obtained.  This  result  is  of  some  interest,  as,  from 
stereochemical  considerations,  it  seemed  unlikely  that  the  trimethyl 
>ter  would  be  formed,  especially  since  under  similar  conditions 
l.rehnitic  acid  only  yields  a  dimethyl  ester  (see  p.  1908). 
Mr.  R.  T.  Ilardmaa  kindly  carried  out  a  molecular-weight  deter- 
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mination  of  this  ester  by  the  cryoscopic  method,  benzene  being  used 
as  the  solvent: 

0-267,  in  17-537  benzene,  gave  A«=-0-3°.     M.W.  =  253-7. 

0-4052  „  17-57  „  „    A«= -0-456°.     M.W.  =  253-0. 

CisHi^Og  requires  M.W.  =  266. 

I  am  much  indebted  to  Dr.  Ida  Smedley  for  very  kindly  deter- 
mining the  refractive  power  of  this  ester.  The  determination  was 
carried  out  in  chloroform  solution : 

Percentage 
strength  of  solution.  Ma.  M/s.  My.  M-y-o. 

6-5986  65-47  67-77  6879  3  32 

Calculated  value  CisHnO'jO'g  311  =  63-23. 

It  seems  likely  that  the  high  value  is  due  to  the  conjugation  of 
the  carbonyl  groups  with  the  benzene  ring. 

Distillation  of  the  Barium  Salt  of  Methijltrimesic  Acid. — The 
barium  salt  (30  grams)  was  mixed  with  barium  oxide  (120  grams), 
and  carefully  distilled  from  a  retort,  when  an  oil  slowly  passed 
over.  This  was  purified  by  repeated  distillation  over  sodium,  when 
it  was  found  to  boil  constantly  at  110°,  and  evidently  consisted  of 
nearly  pure  toluene.  (Found,  C  =  90-7;  H  =  8-7.  Calc,  C  =  91-3; 
H  =  8-7  per  cent.) 

Oxidation  of  M ethyltrimesic  Acid  to  Frehnitic  Acid. 

I.  With  Nitric  Acid. — Methyltrimesic  acid  (2  grams)  was  mixed 
with  40  per  cent,  nitric  acid  (20  c.c),  and  heated  in  a  sealed  tube 
for  six  hours  at  170 — 180°.  The  clear  solution  was  evaporated  to 
dryness,  and  the  solid  acid  thus  obtained  was  purified  by  repeated 
crystallisation  from  hydrochloric  acid,  when  it  separated  in  micro- 
scopic prisms.  After  drying  at  100°,  it  was  analysed.  (Found, 
C  =  47-2;  H-2-5.  Calc,  C  =  47-2;  H  =  2-3  per  cent.)  Prehnitic  acid 
obtained  in  this  manner  melted  at  250 — 251°,  softening  slightly  at 
247°,  with  formation  of  the  anhydride,  which  melted  at  238°.  It 
was  found  to  be  identical  in  every  way  with  prehnitic  acid,  obtained 
by  the  oxidation  of  mesitylenecarboxylic  acid  (see  p.  1907).  Tho 
basicity  of  the  acid  was  determined  by  titration  with  standard 
sodium  hydroxide,  when  0*1095  of  the  acid  neutralised  0-068NaOH, 
whereas  this  amount  of  a  tetrabasic  acid,  CjoHgOg,  should  neutralise 
0-0685NaOH. 

II.  With  Potassium  Permanganate. — In  carrying  out  this 
oxidation,  methyltrimesic  acid  (5  grams)  was  dissolved  in  a  slight 
excess  of  dilute  sodium  carbonate  solution,  and  after  the  addition 
of  potassium  permanganate  (10  grams)  dissolved  in  water  (500  c.c), 
the  mixture  was  boiled  in  a  reflux  apparatus  for  twelve  hours, 
when  the  oxidation  was  complete.     After  removing  the  manganese 
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dioxide,  the  alkaline  solution  was  concentrated  on  the  "water-bath, 
acidified,  and  extracted  several  times  with  ether,  the  ethereal 
solution  being  dried  and  evaporated.  The  crystalline  acid  thus 
obtained  was  purified  by  crystallisation  from  hydrochloric  acid,  when 
it  was  found  to  melt  at  250 — 251°,  with  formation  of  the  anhydride, 
which  melted  at  238°.  This  acid  was  in  every  way  identical  with 
that  obtained  in  the  oxidation  with  nitric  acid.  The  silver  salt 
separates  as  a  caseous,  white  precipitate  on  the  addition  of  silver 
nitrate  to  a  slightly  alkaline  solution  of  the  ammonium  salt.  (Found, 
C  =  17-2;  H  =  0-7;  Ag  =  62-9.  Calc,  0  =  176;  H  =  0-3;  Ag  =  63-4 
per  cent.) 

In  order  to  leave  no  doubt  as  to  the  identity  of  this  acid  with 
prehnitic  acid,  the  characteristic  barium  salt  was  prepared  by  the 
addition  of  barium  chloride  to  a  warm  aqueous  solution  of  the 
acid.  After  drying  for  two  days  in  the  air  it  was  analysed.  (Found, 
Ba  =  19-6;  HoO  =  50.  (CioH50g)2Ba,3HoO  requires  Ba=19-6; 
2H20  =  5'4  per  cent.)  It  was  also  analysed  after  being  dried  at 
100°.  (Found,  Ba  =  20-6.  (CioH508)2Ba,H20  requires  Ba  =  208  per 
cent.) 

Tetramethyl  prehnitate  was  prepared  in  the  usual  manner  by  the 
action  of  methyl  iodide  on  the  silver  salt  of  the  acid,  and  after 
crystallisation  from  methyl  alcohol  melted  at  108 — 109°.  (Found, 
C  =  53-7;  H=4-6.     Calc,  0  =  542;  H  =  4-5  per  cent.) 

The  author  wishes  to  thank  the  Research  Fund  Oommittee  of  the 
Chemical  Society  for  a  grant  which  has  defrayed  much  of  the 
expense  of  this  and  the  preceding  communication. 

Tub  Univeusitt, 
Manchester. 


CCIV. — The   Volatile  Constihients  of  Coal. 

By  Maurice  John  Burgess  and  Richard  Vernon  Wheeler. 

This  investigation  into  the  nature  of  the  "volatile  constituents" 
of  coal  has  been  undertaken  in  connexion  with  experiments  now 
being  conducted  by  the  Mining  Association  of  Great  Britain. 
These  experiments — "  the  British  Coal  Dust  Experiments  " — have 
for  their  object  the  study  of  the  phenomena  occurring  during  the 
explosive  combustion  of  mixtures  of  fine  coal  dust  and  air,  with  a 
view  to  discover  a  means  of  preventing  such  explosions. 

An  investigation  into  the  nature  of  the  volatile  constituents  of 
•<>al  is  of  particular  value  in  connexion  with  such  a  problem, 
'xcause  of  the  obvious  relationship  that  exists  between  the  behaviour 
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on  heating  of  the  volatile  matter  contained  in  any  sample  of  coal 
and  the  degree  of  inflammability  of  the  coal  dust. 

By  determining  such  factors  as  (a)  the  temperature  at  which  gas 
is  most  readily  evolved,  (6)  the  stage  in  the  heating  at  which  the 
most  inflammable  mixture  of  gases  makes  its  appearance,  and  (c) 
the  shortest  time  of  heating  that  will  allow  any  gas  at  all  to  be 
distilled,  it  should  be  possible  to  draw  a  distinction  between  dusts 
of  different  degrees  of  inflammability  or  liability  to  propagate 
explosion. 

The  interest  that  attaches  to  the  study  of  the  action  of  heat  on 
coal,  however,  is  not  confined  to  any  particular  problem,  and, 
although  in  carrying  out  the  present  investigation  we  have  had 
the  problem  of  coal  dust  explosions  alone  in  mind,  we  believe  that 
the  experimental  methods  adopted  render  our  results  of  more  wide- 
spread application. 

We  hope  ultimately  to  obtain  definite  information  regarding  the 
composition  and  chemical  constitution  of  coal. 

Destructive  Distillation  of  Goal  at  Different  Temperatures. 

This  part  of  our  investigations,  the  ultimate  object  of  which  is 
the  elucidation  of  the  nature  of  ''  coal,"  yields  only  a  little 
information  in  that  direction  when  considered  by  itself.  We  find 
it  necessary,  therefore,  to  reserve  our  conclusions  regarding  the 
composition  of  coal  for  a  future  communication,  and  merely  to 
indicate  the  bearing  that  this  part  of  our  work  has  on  the 
subject. 

The  principal  facts  brought  to  light  by  the  distillation  of  different 
samples  of  coal  at  different  temperatures  are  as  follows : 

1.  With  all  coals,  whether  bituminous,  semi-bituminous,  or 
anthracite,  there  is  a  well-defined  decomposition  point,  at  a  tem- 
perature lying  between  700°  and  800°,  which  corresponds  with  a 
marked  increase  in  the  quantity  of  hydrogen  evolved.  With 
bituminous  coals,  the  increase  in  the  quantity  of  hydrogen  evolved 
falls  off  at  temperatures  above  900°,  but  with  anthracitic  coals  it 
is  maintained  up  to  1100°. 

2.  Evolution  of  hydrocarbons  of  the  parafl&n  series  ceases  prac- 
tically entirely  at  temperatures  above  700°. 

3.  Ethane,  propane,  and  butane,  and,  probably,  higher  members 
of  the  paraffin  series  form  a  large  percentage  of  the  gases  evolved 
at  temperatures  below  450°. 

From  these  facts  it  may  be  concluded  that  coal  of  whatever 
geological  age  contains  a  compound  which  undergoes  decomposition 
at  temperatures  above  700°  (under  atmospheric  pressure),  and  yields 
hydrogen  as  its  principal  gaseous  product.     It  seems  probable,  also, 
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that  this  same  compound  is  responsible  for  the  hydrocarbons  of 
the  paraffin  series  that  make  their  appearance  at  low  temperatures. 

The  technical  application  of  our  results  is  readily  apparent.  In 
the  manufacture  of  lighting  gas  there  is,  as  yet,  no  decided  opinion 
as  to  the  best  carbonising  temperature  to  nise,  nor  has  the  influence 
that  temperature  has  on  the  nature  and  quantity  of  the  products 
of  distillation  been  thoroughly  investigated. 

The  efficiency  of  a  boiler  is  largely  dependent  on  the  quantity 
and  the  nature  of  those  constituents  of  coal  that  can  be  gasified  at 
a  comparatively  low  temperature.  The  chief  loss  of  efficiency  when 
generating  steam  by  the  comhustion  of  coal  arises  from  the  cooling 
effect  of  the  boiler  surface  on  the  gases  evolved  from  the  coal, 
whereby  their  temperature  is  reduced  below  the  point  necessary 
for  complete  combustion.  According  to  the  nature  of  the  coal,  the 
temperature  at  which  gases  can  be  distilled,  and  the  rate  at  which 
the  distillation  takes  place,  varies ;  and  the  effect  of  cooling  by  the 
boiler  surface  will  also  vary  with  the  nature  of  the  gases  evolved. 
It  is  possible  that  on  the  last  factor  the  smoke-producing  tendencies 
of  some  varieties  of  coal  largely  depend. 

Previous  work  of  this  nature  appears  to  be  very  scanty,  but 
since  this  investigation  was  begun  an  account  has  appeared  in  the 
technical  journals  of  some  work  that  has  been  carried  out  by 
H.  C.  Port«r  and  F.  K.  Ovitz,  of  the  Technological  Branch  of  the 
United  States  Geological  Survey  during  1907-1908  (/.  Gaslighting, 
1908,  107,  343),  which  is  very  similar  in  character  to  that  described 
in  this  part  of  our  work,  though  done  with  a  different  object  in 
view. 

Details  are  given  of  the  distillation  at  different  temperatures  of 
two  samples  of  coal,  as  follows : 

Ziegler  Coal,  Illinois. 

Moisture    7'67  i^r  ci-nt. 

Volatile  matter 80-38       ,, 

Fixed  carbon 54"32      ,, 

Ash 7-63       „ 

Retort  temperature  C) 500        600        700        800        900         1000         1100 

Maximum     tennierature     in 

coalf)  390         480         585         685        811  920         1026 

Cases  cTolred  from  10  grams 

(c.c.) 130         535         978       1550      2335        2700        3120 

Analysis  of  Gas. 

<^"0, 210  6-7  6-7  3-6  22  2-5  17 

"Illuminants"    56  43  3-6  3  0  30  36  37 

fO  13-8  13-9  191  157  145  144  13-9 

H,  —  14-2  24-1  38-5  487  62-6  546 

CIL    16-4  341  300  271  20  7  181  189 

Cj".,  M-8  13-6  77  50  60  3-9  42 

^-a  -3  9  13-2  9-8  71  49  49  60 
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Gonnellsville   Goal,   Pocahontas. 

Moisture    I'lO  per  cent. 

Volatile  matter 30-67       „ 

Fixed  carbon 60'35      ,, 

Ash    7'88       ,, 


Retort  temperature  (°) 500 

Maximum     temperature     in 

coalO  390 

Gas  evolved  from  10  grams 

(CO.)  150 

Analysis  of  gas. 

CO, 

' '  lUuminants  " 

CO 

Ha  

CH4    

C2Hg  

N,  


11-2 
5-3 

•5-2 

4-5 
32-5 
41-3 


600 
474 
625 


3-4 
5-7 
5-3 
10-9 
41-2 
18-9 
14-6 


700 

589 

1220 


800 

705 

1723 


2-0 
4-3 
7-0 
381 
36-0 
9-5 
3-1 


900 

812 

2080 


1000 

922 

2900 


1-1 
4-3 
5-9 
56-0 
24-4 
3-0 
5-3 


1100 
1010 
3530 


1-0 
4-9 
7-0 
68-2 
21-5 
3-8 
3  6 


The  "  illuminants  "  are  taken  to  be  the  benzene  and  the  ethylene 
hydrocarbons,  whilst  the  figure  for  ethane  includes  all  higher 
paraffin  hydrocarbons  calculated  as  C2Hg. 

The  distillations  were  conducted  in  each  case  on  10  grams  of 
air-dried  coal  in  an  atmosphere  of  nitrogen,  which  was  passed 
through  the  retort  before  heating  until  the  exit  gases  contained 
less  than  1  per  cent,  of  oxygen. 

The  most  important  conclusion  drawn  by  Porter  and  Ovitz  from 
their  work  is  that  the  nature  of  the  volatile  products  distilled  from 
different  samples  of  coal  at  low  temperatures  in  the  early  stages  of 
heating  varies  in  accordance  with  the  smoke-producing  tendencies 
of  the  coal. 

They  include  among  the  smoke-producing  constituents  tar, 
benzene,  ethylene,  and  the  higher  homologues  of  methane.  From 
the  figures  reproduced  here  it  will  be  seen  that  the  Gonnellsville 
yields  a  larger  quantity  of  these  gases  than  the  Ziegler  coal  at  low 
temperatures,  while  it  is  found  in  practice  that  there  is  a  greater 
diflftculty  in  burning  coals  of  the  Gonnellsville  type  without  smoke. 

We  are  inclined  to  believe  that  the  smoke-pioducing  constituents 
consist  practically  entirely  of  the  higher  hydrocarbons  of  the 
paraffin  series;  for  we  have  isolated  small  quantities  of  propane 
and  butane  from  the  gases  evolved  from  coal  at  low  temperature, 
and  have  obtained  evidence  of  the  presence  of  the  higher  members 
of  the  series.  These  gases  readily  decompose  at  temperatures  below 
600°,  depositing  carbon ;  whilst  ethylene  yields  very  little  carbon 
on  decomposition   at  tliis  •  icmpcrature. 

The  general  trend  of  the  results  is  in  agreement  with  our  own, 
although  it  is  impossible  to  make  any  direct  comparison  owing  to 
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differences  in  the  manner  of  distillation.  We  are  inclined,  however, 
to  doubt  the  complete  absence  of  hydrogen  in  the  gases  distilled  at 
500°,  and  we  cannot  regard  the  methods  of  gas  analysis  employed 
by  Porter  and  Ovitz  as  being  entirely  satisfactory. 

Experimental. 

The  Coal  Samples. — The  validity  of  comparison  between  one 
distillation  and  another  depends  to  a  very  great  extent  on  the 
obtaining  of  a  uniform  and  representative  sample  of  coal.  The 
samples  were  procured  in  each  case  by  pulverising  about  150  kilo- 
grams of  screened  nut  coal  in  a  special  form  of  disintegrator,  and 
collecting  during  the  operation  about  1  kilogram  of  the  fine  dust 
formed.  This  dust  was  then  passed  through  a  sieve  with  240  meshes 
per  linear  inch,  and  stored  in  screw-top  bottles.  About  75  per  cent, 
of  the  pulverised  coal  passed  through  such  a  mesh. 

The  Method  of  Distillation. — Two  grams  of  coal,  dried  at  107°, 
arQ  intimately  mixed  with  3  grams  of  white  sand,  which  has  pre- 

FlG.  1. 


Platinum  retort  and  connexions. 

viously  been  ignited.  The  mixture  is  placed  in  a  thin  platinum 
boat  (B,  Fig.  1)  13  cm.  long,  which  slides  easily  into  a  retort,  Ry 
which  consists  of  a  platinum  tube  21'5  cm.  long  and  of  1'7  cm. 
internal  diameter. 

This  tube  is  silver-soldered  into  a  gun-metal  collar  with  a  wide 
flange,  whilst  a  similar  flange  carrying  a  short  length  of  gun-metal 
leading-tube  (Z)  of  1  cm.  bore  is  bolted  on  to  the  retort  by  six 
small  screws  through  the  flanges.  The  face  connected  with  the 
leading-tube  has  a  projecting  ring  midway  between  the  centre  and 
the  circumference,  which  is  pressed  into  a  corresponding  sunk  ring 
on  the  retort  face,  using  a  washer  of  asbestos  and  graphite.  A 
perfect  vacuum-tight  connexion  can  be  made  in  this  manner. 

Before  this  connexion  is  made,  a  tar-scrubber  (S)  is  fitted  into 
the  mouth  of  the  retort.  This  scrubber  consists  of  a  platinum 
tube  packed  with  ignited  asbestos  fibre  and  open  at  both  ends.  It 
is  165  cm.  in  diameter  for  8  cm.  of  its  length,  and  then  narrows 
into  a  tube  08  cm.  in  diameter  and  5'5  cm.  long.  These  dimensions 
allow  of  its  occupying  the  position  shown  in  Fig.  1,  the  wide  portion 
making  a  good  sliding  fit  inside  the  retort. 
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The  connexion  to  the  retort  having  been  made,  the  gun-metal 
leading-tube  is  joined  by  stout  rubber  pressure  tubing  to  a  mercury 
manometer  and  a  2-litre  gas-holder.  The  retort  and  connexions  are 
then  exhausted  of  air  through  the  glass  taps  t,  T,  t' ,  the  tap  t 
closed,  and  T,  which  is  a  three-way  tap,  turned  so  as  to  make 
connexion  with  the  gas-holder  and  the  retort  as  soon  as  i  is 
opened  (Fig.  2). 

The  whole  arrangement  is  mounted  on  a  wooden  support,  and 
runs  on  wheels  so  as  to  allow  of  the  retort  being  quickly  pushed 

Fig.  2. 


Distillation  apparatus. 


into  the  furnace,  which  has  been  previously  brought  to  the  experi- 
mental temperature. 

As  soon  as  the  pressure  of  the  gases  evolved  is  equal  to  the 
atmospheric  pressure,  the  tap  t  is  opened,  and  the  gas  at  once  passes 
into  the  holder  and  is  collected.  Heating  is  continued  for  a  definite 
period,  usually  seventy-five  minutes,  and  the  retort  then  withdrawn 
and  allowed  to  cool.  The  gases  remaining  in  the  retort  are 
exhausted  by  means  of  a  mercury  pump,  and  added  to  the  main 
bulk  in  the  gas-holder.  The  gun-metal  joint  is  then  disconnected, 
the  tar-scrubber  and  the  boat  removed  and  weighed,  and  the  gases 
analysed. 

In  this  manner  the  following  data  are  obtained :  (1)  The  rate 
of  evolution  of  gas;  (2)  the  volume  of  gas  evolved;  (3)  the  com- 
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position  of  this  gas;  (4)  the  quantity  of  tar  formed;  and  (5)  the 
total  loss  in  weight  of  the  coal,  that  is,  the  total  volatile  matter. 

The  Distillation  Furnace. — In  order  to  make  sure  that  the  retort 
shall  be  heated  evenly  throughout  its  length,  the  tube  fximace 
employed  is  a  platinum-wound  electric  resistance  furnace,  which, 
with  a  current  of  a  little  more  than  1  ampere  at  200  volts,  can  attain 
a  temperature  of  1400°.  The  furnace  was  tested  bv  means  of  a 
thermo-couple  for  each  centimetre  of  its  length  to  make  sure  that 
the  coal  would  be  in  the  zone  of  highest  and  of  uniform  tem- 
perature when  the  retort  was  inserted. 

The  temperatures  are  measured  by  means  of  a  platinum  and 
platinum-rhodium  thermo-couple,  which  runs  through  the  length  of 
the  furnace  (the  junction  being  in  the  centre),  and  is  insulated  by 
an  unbroken  length  of  silica  quill  tubing. 

The  Gas  Anali/ses. — The  gases  are  collected  over  a  mixture  of 
equal  parts  (by  volume)  of  glycerol  and  water  previously  saturated 
with  coal  gas.  The  gases  do  not  dissolve  in  such  a  mixture  to  any 
appreciable  extent,  and  its  use  is  more  convenient  than  that  of 
mercury. 

The  gas  analyses  have  been  carried  out  with  a  modification  of 
the  Bone  and  Wheeler  apparatus  (/.  Soc.  Chem.  Ind.,  1908,  27, 
10).  With  this  apparatus  the  absorptions  are  carried  out  over 
mercury  in  one  absorption  vessel  with  a  comparatively  small  volume 
of  the  particular  reagent,  which  is  always  used  fresh  and  is  at  once 
discarded  after  use,  the  absorption  vessel  being  rinsed  out  with 
dilute  sulphuric  acid  before  the  next  reagent  is  used. 

The  reagents  that  we  have  employed  for  the  different  constituents 
are  as  follows,  the  absorptions  being  made  in  the  order  named : 

Oas.  Seagent. 

AmmoDia    Dilute  sulpharic  acid  (10  per  cent.). 

Benzene  _ Concentrated  sulphuric  acid  (D  1*9). 

Hydrogen  sulphide   Acidi tied  solution  of  copper  sulphate. 

Carbon  dioxide Potassium  hydroxide  solution. 

Oxygen   Strongly  alkaline  pyrogallic  acid. 

Acetylene Ammoniacal  silver  chloride  solution. 

Ethylene Bromine  water  with  potassium  bromide. 

Catbon  monoxide Ammoniacal  cnproos  chloride  solution. 

The  gas  remaining  after  these  absorptions  is  passed  into  a  set 
of  exhausted  glass  bulbs  containing  "  oxidised  "  palladium  pre- 
cipitate heated  in  a  water-bath  to  90°.  Heating  is  continued  during 
ten  minutes,  the  bulbs  allowed  to  cool,  and  the  residual  gases  with- 
drawn by  means  of  a  mercury  pump  and  measured.  The  change 
in  volume  observed  is  taken  to  be  due  to  removal  of  hydrogen  by 
the  palladium. 

An  explosion  analysis  is  then  made  in  the  usual  manner. 
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The  details  of  experiments  with  four  samples  of  coal  are  given  in 
the  tables  following. 

The  distillation  temperatures  recorded  are  the  retort  tem- 
peratures, not  those  existing  in  the  coal.  The  temperature  in  the 
coal  itself  reaches  the  retort  temperature  at  the  end  of  two  minutes ; 
thus,  in  a  special  experiment  made  to  test  this  point,  in  which  a 
thermo-couple  was  embedded  in  the  coal  itself,  the  temperatures 
recorded  immediately  after  the  insertion  of  the  retort  in  the  furnace 
were  as  follows: 

Retort.  In  coal. 

At  beginning   830°  400° 

After  half  a  minute    790  580 

After  one  minute 815  780 

After  one  and  a-half  minutes..         835  835 

After  two  minutes  840  840 

The  records  of  the  rate  of  evolution  of  gas  are  taken  from  the 
moment  that  the  pressure  in  the  apparatus  reaches  atmospheric 
pressure.  The  volumes  are  not  corrected  for  variation  in  tem- 
perature and  pressure. 

The  total  quantity  of  gas  evolved  is  calculated  per  gram  of  ash- 
free  dry  coal  as  "  nitrogen-free  "  gas  at  0°  and  760  mm. 

The  different  constituents  of  the  gas  mixtures  are  calculated  as 
percentages  of  the  nitrogen-free  mixture.  From  1  to  4  per  cent,  of 
nitrogen  is  usually  found  in  the  mixtures,  but  since  this  may 
partly  be  due  to  the  presence  of  traces  of  air  in  the  retort  con- 
nexions, or  to  error  in  analysis,  it  is  thought  best  for  the  purpose 
of  comparison  to  assume  that  the  gases  are  free  from  nitrogen. 

The  quantities  of  tarry  matter  and  of  total  volatile  matter  are 
calculated  as  percentages  of  the  ash-free  dry  coal. 

Coal  A  (^Bituminous). 

Coal  from  the  Altofts  Silkstone  Seam.  The  pulverised  nut  coal, 
after  passing  through  a  240-mesh  sieve,  had  the  following  ultimate 
analysis : 

Carbon  SO-SO^j 

Hydrogen 545  I 

Oxygen 9  70  1-  Per  cent,  of  ash-free  dry  coal. 

Nitrogen  1*42  I 

Sulphur    2  93J 

and  it  contained  5*51  per  cent,  of  ash. 
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Table  I. 

Rate  of  Evolution  of  Gas  at  Different  Temperatures. 

Total   gas  from   2  grams   of  coal;    measured  at   atmospheric   teiD' 
perature  and  pressure. 

Distillation  teiupei-ature. 
600°  700  750    800     900   1000  1050      1100  ' 

C.C     C.C.     C.C.     C.C.       C.C.       C.C.       C.C.  C.C. 

1st  minute  40  50  90  145  225  300  375  U.q  in  fii-st  three 

2n(l      „      25  25  45  75  125  145  90  I  £>»^  >n  li-^t  tiiree 

3id      „      15  25  25  35  50  30  25  j        ™in«t«" 

4th      „      10  15  15  25  25  25  15  10 

5th      „      5  10  10  20  20  5  10  5 

Total  first  5  minutes..     95  125  185     300     445     505     515       565 

Next    5  minutes  22  30  30  60  50  60  25  30 

„       5      ,,  13  15  25  25  15  15  15  5 

„  15   „  25  35  35  27  20  25  15  25 

,,  15   „  15  10  15  13  15  15  15  15 

,,  30   „  10  10  5  10  10  25  15  5 

With  distillations  at  450°  and  500°,  25  c.c.  and  60  c.c.  respectively 
were  evolved,  the  total  duration  of  heating  being  two  hours. 

Table  II, 

Volatile  Constituents  Evolved  at  Different  Temperatures. 

Per  cent,  ash-free,  dry  coal. 

Distillation  temperature. 
450°        500  600  700  750  800         900         1000        1050  1100 

Total  volatile  matter  : 

9  10       18-79      28-37       32-30      34-04       36-30       3805      3830       38-80        38-83 

Tarry  nialtcr  : 

4-29        9-05      13-66      14-08       16"20       1350       12-25       10-40       10-90  900 

The  condensed  products  at  distillation  temperatures  of  450°  and 
500°  were  light>coloured  oils. 

The  coke  remaining  after  all  distillations  up  to  and  including 
that  at  800°  was  dull  black  in  colour,  and  had  a  tarry  odour. 
Above  this  temperature  the  coke  was  greyish-white  and  lustrous, 
and  free  from  any  odour  of  tar. 
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Table  III. 
Percentage  Composition  of  Gas  Evolved  at  Different  Temperatures. 
Calculated  as  "  nitrogen-free  "  gas. 
Distillation  tem[>erature. 


NH3... 
CgHg.. 
CO2... 
CgHj.. 
C2H4.. 

CO 

H2 

CH4... 
C,H« .. 


450°      500        600        700        750       800       900       1000     1050    1100 


4-70 

8-60 

10-95 

nil 

0-85 

8-75 

7-00 

25-00 

34-10 


1-35 
4-85 
3-60 
0-35 

1-65 

6-45 

16-60 

37-55 

27  60 


1-40 
5-20 
3-50 

1-80 

7-10 

26-60 

35-20 

19-20 


•60 
-40 
-05 
-40 
-05 
•90 
-70 
•60 


}  5-20  {3- 


14  30 


5-20 
3-30 

0-75 

9-40 

41-65 

29-90 

9-80 


1-00  1 
3-30/ 
1-70 


0-90     1-40 
11-85  13-65 

48-55  55-70 

26-10  16-95 

6-25     6-00 


3-65 

1-65 
0-50 
1-65 


3-55 
1  65 


3-00 

1-70 
nil 

1-85 


1  -55 

15-10  14-80  15-85 

56-40  56-55  56-65 

17-55  17-05  17-60 

3-55     4-85     3-40 


Table  IV. 

Total  Volume  of  Gas  Evolved  per  Gram  of  Ash-free,  Dry  Goal  at 
Different  Temperatures,  and  Volumes  of  Principal  Constituents. 

Distillation  temperature. 


450°      500      600       700       750        800       900     1000    1050   1100 


c.c. 


c.c. 


Total  gas.  12 

H2 0 

CH4   3 

C2H6 4 

CO 1 

C2H4  0 


00  29-90  99-00  124-00  154 


84  5-00  26-4 

00  11-25  34-9 

10  8-25  19-0 

04  1-95  7-0 

10  0-45  1-7 


40-55 

42-90 

17-70 

9-80 

2-00 


c.c.  c.c.      c.c 

00  218-00  268-0  305 

20  105-80  149-3  172 

•05     56-90  45-5     53 


13-30 

25-80 

1-95 


16-1 

36-6 

3-7 


c.c.  c.c, 

0  3150  327 

0  178-0  185 

5  53-6  57 

8  15-3  11 

0  46-6  51 

0  4-9  6 


The  numbers  for  hydrogen,  methane,  ethane,  and  carbon 
monoxide  are  shown  graphically  in   Fig.   3. 

All  the  data  obtained  indicate  that  there  is  a  "  critical  "  period 
in  the  decomposition  of  the  coal  between  700°  and  800°.  The 
rate  of  evolution  of  gas  and  the  total  quantity  evolved  per  gram 
are  nearly  double  at  800°  what  they  are  at  700°;  the  curve  for 
total  volatile  matter  shows  a  marked  change  in  character,  becoming 
steeper  at  the  point  given  by  the  distillation  at  750° ;  the  quantity 
of  tarry  products  reaches  a  maximum  at  750°;  whilst  the  total 
quantity  of  hydrogen  evolved  is  more  than  doubled  between  700° 
and  800°,  the  change  in  the .  character  of  the  curve  being  very 
marked  (Fig.  3). 

A  noteworthy  fact  regarding  the  composition  of  the  gases  is  the 
presence  of  a  high  percentage  of  ethane  in  the  gases  evolved  at 
low   temperatures,    the   percentage    decreasing    progressively   with 
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higher  temperatures  of  distillation.*  It  will  be  observed,  however, 
that  the  actual  quantity  of  ethane  varies  very  little  with  the 
temperature  of  distillation  after  600° ;  and  it  would  appear  probable 
that  such  quantities  as  are  found  to  exist  in  the  products  of  the 
high-temperature  distillations  are  evolved  only  during  the  initial 
period  of  slow  heating  up  of  the  coal  which  necessarily  takes  place 


Fig.  3. 
Coal  A. 
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when  the  retort  is  first  pushed  into  the  furnace;  and  that  their 
appearance  in  the  final  products  is  due  to  their  having  been  swept 
f»ut  of  the  retort  as  the  rate  of  evolution  of  gas  increased,  and  thus 

It  may  here  be  remarked  that  ethane  exists,  in  qnantity  np  to  5  per  cent.,  in 
in  .1  V  amjilcs  of  ordinary  lighting  gas  ;  a  fact  which  appears  to  have  escaped  general 
''"■;  ',  and  may  account,  to  a  certain  extent,  for  the  discrepancy  so  often 
observed  Wtween  the  caloriBc  value  of  lighting  gaa  as  determined  directly  and  as 
calculated  from  analysis. 
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having  escaped  decomposition.  For,  according  to  Bone  and  Coward 
(Trans.,  1909,  95,  1211),  the  thermal  decomposition  of  ethane  is 
fairly  rapid  at  675°,  and  at  1000°  it  is  practically  instantaneous. 

The  greatest  interest  attaches  to  the  quantities  of  hydrogen  and 
of  methane  found  in  the  gases.  At  a  temperature  of  750°  there 
is  a  sudden  increase  in  the  total  quantity  of  hydrogen  evolved,  and 
the  rate  of  increase  is  maintained  fairly  regularly  up  to  900°. 

The  question  arises  as  to  the  nature  of  the  reaction  responsible 
for  the  evolution  of  this  hydrogen.  It  cannot  be,  as  has  been 
suggested,  that  hydrogen  is  produced  at  the  expense  of  methane; 
for  the  total  quantity  of  the  latter  gas  evolved  undergoes  very 
little  variation,  as  is  shown  in  table  IV,  and  graphically  in  Fig.  3. 

It  might,  however,  be  contended  that  the  fact  that  the  total 
quantity  of  methane  evolved  undergoes  little  or  no  variation  after  a 
distillation  temperature  of  750°  has  been  attained,  is  due  to  the 
fact  that,  at  each  of  the  higher  distillation  temperatures,  a  given 
quantity  is  evolved  during  the  initial  stage  of  heating  up  of  the 
coal ;  and  that  as  soon  as  the  temperature  in  the  coal  rises  above  a 
certain  point,  any  further  methane  evolved  is  at  once  resolved  into 
its  elements. 

Bone  and  Coward  have  shown  (loc.  cit.,  p.  1206),  however,  that 
methane  is  comparatively  stable  when  heated  in  a  porcelain  tube 
at  temperatures  below  1100°,  only  about  50  per  cent,  being  decom- 
posed after  one  minute's  heating;*  whilst  at  a  temperature  of  785° 
— the  retort  temperature  in  our  experiments  corresponding  with  the 
maximum  rate  of  evolution  of  hydrogen — 10  per  cent,  only  was^ 
decomposed  at  the  end  of  an  hour's  heating. 

Moreover,  the  carbon  deposited  during  the  course  of  the  thermal '. 
decomposition  of  methane  is  a  characteristic  hard  and  lustrous 
variety,  almost  metallic  in  appearance,  and  can  readily  be  detected. 
We  have  been  unable  to  detect  the  slightest  trace  of  such  carbon 
deposit  below  900°  distillation-temperature,  although  at  1050°  a] 
quantity  just  sufficient  to  weigh  could  be  brushed  off  the  sides  of 
the  platinum  boat  and  retort. 

Hydrocarbons  of  the  ethylene  series  yield  a  greater  quantity  of! 
methane  than  of  hydrogen  on  decomposition  below  800°,   and  in 
any  case  the  quantity  present  is  insufficient  to  account  for  the  large' 
increase  in  hydrogen. 

We  are  inclined  to  believe  that,  at  a  temperature  of  about  750°, 
one  or  more  of  the  higher  hydrocarbons  of  the  paraffin  series 
evolved  undergoes  rapid  decomposition,  yielding  chiefly  hydrogen 
and  carbon ;  decomposition  at  lower  temperatures  yielding  methane, 
ethane,  and  hydrogen.  We  are  studying  this  point  in  connexion 
with  another  part  of  this  investigation. 
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Goal  C  {Bituminous). 

Coal  from  Abertillery,  South  Wales.  The  pulverised  nut  coal, 
after  passing  through  a  240-mesh  sieve,  had  the  following  ultimate 
analysis : 


Caibon 85  •72' 

Hydrogen 4'93 

Oxygen 7'34 

Nitrogen  1-09 

Sulphur    0-92J 


Per  cent,  of  ash-free,  dry  coal 


and  contained  7*65  per  cent,  of  ash. 


Table  I. 

Rate  of  Evolution  of  Gas  at  Different  Temperatures. 

Total  gas  from  2  grams  of  coal;   measured  at  atmospheric   tem- 
perature  and  pressure. 

Distillation  temperature. 

600°  700        800  900  1000        1100 

CO.  C.C.  C.C.  C.C.  CO.  CO. 

During  1st  minute    —  60  100  200  320  475 

„       2nd      „         —  35  70  105  130  45 

„       3rd      „         —  25  40  50  25  30 

,,       4th       „         —  20  25  15  15  5 

„       5th       , —  10  15  10  10  5 

Total  first  5  minutes...     70  150  250  380  500  560 

Next  5  minutes 30  30  50  50  45  40 

„     5        „       20  25  50  20  10  5 

,,  15       , 20  20  30  25  20  15 

„  15       ,,       10  20  20  5  15  5 

,,  30       ,,       10  5  15  20  10  5 

Witli  a  distillation  temperature  of  500°,  65  c.c.  were  evolved 
during  two  hours. 

Table  II. 

Volatile  Gonstituenls  Evolved  at  Different  Temperatures. 

Per  cent,  ash-free,  dry  coal. 

Distillation  temperature. 

600'       600        700        800        900      1000      iToO 

ToUl  volatile  matter  1340    2117     25-68     2896     3014     3136     3150 

Tarry  matter    7  00     10  02      7-36     10*56      967       919      8-21 

The  coke  remaining  after  the  distillations  at  900°,  1000°,  and 
1100°  was  greyish-white  and  lustrous;  that  remaining  after  the 
distillation  at  500°,  600°,  700°,  and  800°  was  dark  and  compact. 
This  coal  does  not  swell  so  much  on  coking  as  does  coal  A. 
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Table  III. 

Percentage  Gom'position  of  Gas  Evolved  at  Different  Temperatures. 
Calculated  as  "  nitrogen-free  "  gas. 

Distillation  temperature. 


^500° 

600 

700 

800 

900 

1000 

1100 

NHj   ... 

...       200 

0-70 

1-10 

0-85 

nil 

nil 

nil 

CfiHg  ... 

4-40 

3-55 

2-40 

2-00 

1-85 

1-45 

2  25 

CO2    ... 

...       3-95 

3-20 

3-40 

2-50 

1-65 

1-20 

1-40 

C2H2  ... 

...       0-45 

0  30 

0-30 

0-05 

0  05 

0-10 

0-50 

C2H4  ... 

...       0  90 

1-05 

0-05 

0-70 

1-05 

1-45 

1-55 

CO 

..       4  70 

645 

7-45 

9-80 

11-25 

13-55 

13-00 

H2 

..       8-00 

25-05 

34-75 

60-80 

57  05 

59-80 

60-70 

CH4  ... 

..     64-50 

47-20 

46-25 

28-60 

21-80 

19-25 

18-80 

CgHg  ... 

..     1105 

12-45 

4-25 

4-70 

5-25 

3-10 

1-80 

Table  IV. 

• 

Totai  Volume  of  Gas  Evolved  per  Gram  of  Ash-free,  Dry  Goal  at 
Different  Temperatures,  and  Volumes  of  Principal  Gonstituenfs. 

Distillation  temperature. 


500° 

600 

700 

800 

900 

1000 

1100 

c.c. 

c.c. 

c.c. 

c.c. 

c.c. 

c.c. 

c.c. 

Total  gas   . . 

H2  

CH.    

.     33  50 
,       2-70 
.     2160 
.       3-70 
.       1-65 

83-00 
20-80 
39-20 
10-35 
5-35 

135-00 

46-95 

62-45 

5-75 

10-05 

208-00 
105-70 

59-50 
9-80 

20-35 

254-00 

144-95 

55-50 

13-35 

28-55 

296-00 
177-00 

57-25 
9-15 

40-15 

312-00 

189-45 

58-65 

CaHe  

C0....„ 

5-60 
40-55 

The  general  behaviour  of  this  coal  on  heating  is  similar  to  that 
of  coal  A.  This  is  seen  most  clearly  on  comparing  curves  showing 
the  volumes  of  the  constituent  gases  evolved  at  the  different  tem- 
peratures of  distillation. 

A  sudden  increase  in  the  quantity  of  hydrogen  evolved  is  again 
apparent  at  a  temperature  lying  between  700°  and  800°,  whilst 
the  quantity  of  methane  evolved  remains  remarkably  constant  at 
all  temperatures  above  700°.  The  presence  of  "  methane-carbon  " 
could  only  be  detected  after  the  distillations  at  1000°  and  1100°. 

The  quantity,  and  the  percentage,  of  ethane  evolved  is  con- 
siderably less  at  all  temperatures  than  in  the  case  of  coal  A. 

Coal  D   (Semi-hituminous). 

Coal  from  Penrhycyber,  South  Wales.  The  pulverised  nut  coal, 
after  passing  through  a  240-mesh  sieve,  had  the  following  ultimate 
analysis : 

Carbon 90-72^^ 


Hydrogen 4-23 

Oxygen 125 

Nitrogen  2  99 

Sulphur 0-81 


-Per  cent,  of  ash-free,  dry  coal. 


and  it  contained  35  per  cent,  of  ash. 
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Table  I. 
Rate  of  Evolution  of  Gas  at  Different  Temperatures. 

Total  gas  from   2   grams  of  coal;   measured  at  atmospheric   tem- 
perature  and   pressure. 

Distillation  temperature. 

f00°  800  900  1000  1100 

C.C.  C.C.  c.c.  c.c.  c.c. 

During  1st  minute    —  90  175  300  550 

„       2n(i      „        —  60  120  150  50 

„       3rd       „        —  40  60  25  15 

„       4th       „        —  25  30  25  10 

„       5th       „        —  15  15  10  10 

Total  fiist  5  minutes 100  230  400  510  635 

Next  5  minutes 25  55  45  40  20 

-„     5      „        20  30  15  10  10 

„  15      „        20  50  30  10  10 

„  15      „        10  15  15  5  5 

„  30      „        10  10  10  5  5 

With  distillations  at  500°  and  600°,  30  c.c.  and  114  c.c.  respec- 
tively were  evolved,  the  total  duration  of  heating  being  two  hours. 

Table  II. 

Volatile  Constituents  Evolved  at  Different  Tem'peratures. 

Per  cent,  ash-free,  dry  coal. 

Distillation  temperature. 


500°         600        700  800  900         1000        1100 

Total  volatile  matter    3-54         771       10-47       1440       16-75       17-34       19-00 

Tarry  matter  0-99        210        2-85        250        r73        207        not 

estimated 

The  coke  did  not  appear  to  cake  at  all  until  a  temperature  of 
800°  had  been  reached ;  it  swelled  very  little. 

Table  III. 

Percentage  Composition  of  Gas  Evolved  at  Different  Temperatures. 
Calculated   as   "  nitrogen-free  "  gas. 
Distillation  temperature. 
500'  600  700  800  900  1000  1100 

NH, 310  —  0-80  0-60  0  30  020  O'lO 

('«H« 870  1-95  1-40  075  060  070  045 

HjS —  _  0-20  0-35  0-30  025  025 

'<>.  6-85  2-85  1-60  140  135  1  00  020 

^'jUj 0-05  0--20  0-10  nil  nil  nil  nil 

<^'»H4 070  0-90  0-80  nil  040  025  035 

^0    4-60  3-95  3-85  6  30  930  10-20  ll'lO 

"i 15-70  36-75  43-30  5965  6550  69  90  7290 

t'H* 51-50  48  50  4590  28-35  2065  1445  1285 

t^'aH, 13-70  4-66  2-05  2  60  1  60  2  95  180 

6  L  2 
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Table  IV. 

Total  Volume  of  Gas  Evolved  per  Gram  of  Ash-free,  Dry  Coal  at 
Different  Temperatiires^  and  Volumes  of  Principal  Constituents. 

Distillation  temperature. 


500°  600  700  800  900  1000  1100 

c.c.  c.c.  c.c.  c.c.  c.c.           c.c.  c.c. 

Total  gas   ...     13-00  5600  94  00  193-00  248*00  28800  333-00 

Ha  205  20-60  40*70  115-20  162-50  201-30  242-70 

CH4    8-45  27-30  43-20  54-70  51-20         41-60  42-80 

CaHg  1-80  2-60  200  4-80  4-00          850  6-00 

CO 0-60  2-20  3-60  1220  23-10        2940  36-90 


Goal  B  (Anthracite). 

Coal  from  Pontyberen,  South  Wales.  The  pulverised  nut  coal, 
after  passing  through  a  240-mesh  sieve,  had  the  following  ultimate 
analysis : 

Carbon   92-66^ 

Hydrogen 3-14  I 

Oxygen  220  |-  Per  cent,  of  ash-free,  dry  coal 

Nitrogen   0-99 

Sulphur 1-Olj 

and  it  contained  3"9  per  cent,  of  ash. 

Table  I. 

Bate  of  Evolution  of  Gas  at  Different  Temperatures. 

Total  gas  from   2   grams  of  coal;   measured  at  atmospheric   tem- 
perature  and   pressure. 

Distillation  temperature. 

700°  800  900  1000  1100 

c.c.  c.c.  c.c.  c.c.  c.c. 

During  1st  minute    —  50  120  250  375 

,,       2nd     , —  25  95  100              75 

3rd      „         —  25  40              25              15 

„       4th      „         —  20  30              20              10 

„       5th      ,,         —  20  15              10              10 

Total  first 5  minutes...       15  140  800  405  485 

Next  5  minutes 40  50  43  40  15 

„     5       „       —  20  10  15  10 

„  15      , 20  30  20  5  25 

„  80       ,,       5  10  5  5  15 

With  a  distillation  temperature  of  600°,  50  c.c.  were  evolved 
during  two  hours. 
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Fig.  4. 
Coals  D  and  B. 
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Tablk  II. 

Volatile  Constituents  Evolved  at  Different  Tenvperatures. 

Per  cent,  ash-free,  dry  coal. 

Distillation  temperature. 


Toul  volatil.'  matter 3"57 

Tarry  matter    0*22 


600° 

700 

800 

900 

1000 

1100 

3-57 

3-76 

6-18 

7-82 

8-77 

12-50 

0-22 

0-40 

0-95 

0-80 

0-22 

not 
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There  was  no  change  in  the  appearance  of  the  coal  after  heating 
except  at  1100°,  at  which  temperature  some  of  the  particles  appeared 
to  have  caked  slightly. 

Fig.  5. 
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Table  III. 

Percentage  Composition  of  Gas  Evolved  at  Different  Temperatures. 
Calculated  as  "  nitrogen-free  "  gas. 


600° 

NHg  4-35 

CgHe 1-20 

CO2    5-55 

CjHj nil 

C2H4 010 

CO..  6-65 

H2 29  35 

CH4   5170 

CgHj 100 


Distillation  temperature. 


700 


2-45 
3-45 
nil 
0-20 
7-85 
47-30 
36-60 
2-05 


800 


1-35 
1-35 
nil 
nil 
6-70 
68-65 
21-05 
0-90 


900 


1-35 
1-55 
nil 
0-25 
9-36 
70-50 
15-95 
1-05 


1000 


1-55 
0-25 
nil 
0  25 
9-70 
75-35 
11-40 
1-50 


1100 

nil 
0-75 
1-45 
0  10 
nil 
14-60 
74-10 
8-85  ■ 
0-15 
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Table  IV. 

Total  Volume  of  Gas  Evolved  per  Gram  of  Ash-free,  Dry  Coal  at 
Different  Temperatures,  and  Volumes  of  Principal  Constituents. 

Distillation  temperature. 

600°  700  800  900  1000  1100 

c.c.  c.c.  c.c.  c.c.  c.c.  c.c. 

Total  gas  20o  440  133-0  193-0  2300  2720 

Hg 6-0  20-8  91-3  136-0  173*5  201-5 

CH4    10-6  16-1  28-0  30-8  26-2  24-1 

CjH, 0-2  0-9  1-2  20  3-4  0-4 

CO 1-3  3-5  8-9  18-0  223  39-8 

These  two  anthracitic  coals,  D  and  B,  serve  to  show  the  difference 
in  behaviour  from  the  bituminous  as  regards  the  gases  evolved  at 
distillation  temperatures   above   700°. 

There  is  the  same  abrupt  increase  in  the  quantity  of  hydrogen 
evolved  between  700°  and  800°  (Fig.  4),  but  the  rate  of  increase 
is  maintained  up  to  the  highest  temperature  employed,  namely, 
1100°,  whereas,  in  the  case  of  bituminous  coals,  as  exemplified  by 
coals  A  and  C,  the  rate  of  increase  falls  off  above  900°  (Fig.  5). 

In  the  case  of  coal  D  (semi-bituminous),  the  total  quantity  of 
gas  evolved  by  distillation  at  1100°  is  greater  than  in  the  case  of 
the  two  bituminous  coals,  although  at  700°  it  is  less.  The  first 
products  of  distillation  of  the  anthracitic  coals  are  probably  not 
such  as  will  allow  of  the  recombination  to  any  great  extent  of  free 
unsaturated  residues  to  form  more  complex  molecules,  as  appears 
to  be  the  case  with  bituminous  coals  yielding  greater  quantities  of 
tarry  matter. 

Altofts. 


CCV. — The   Viscosity  of  Certain  Amides. 

By  Albert  Ernest  Dunstan  and  Albert  George  Mussell. 

The  peculiarly  constitutive  nature  of  viscosity  confers  on  it  con- 
siderable value  in  discriminating  between  two  possible  types  of 
structure.     The  amides  may  react   as   though   they   possessed   the 

formulae   R-CO-NHg  or   R-C<2h  (Tafel  and   Enoch,  Ber.,  1890, 

23.  1.550;  Lander,  Trans.,  1903,  83,  418),  although  by  comparison 
with  a  genuinely  hydroxyiminic  compound,  such  as  glycollimino- 
hydrin,  Hantzsch  and  Voegelen  (Ber.,  1901,  34,  3142)  regard 
R'CO'NIIo  as  the  correct  formulation  for  the  amides.  From  a 
physical    point  of    view    the    amides   are    undoubtedly    associated 
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(Auwers,  Zeitsch.  'physikal.  Chem.,  1893,  12,  689;  1894,  15,  33; 
1897,  23,  449;  1899,  30,  521),  and  the  fact  that  they  form  additive 
compounds  (Titherley,  Trans.,  1901,  79,  413)  indicates  that  the 
group  'CO'NHg  possesses  considerable  residual  affinity.  In  further 
support  of  the  usual  amidic  structure  may  be  cited  the  work  of 
Hantzsch  and  Dollfus  (Ber.,  1902,  35,  226)  and  Schmidt  (Ber.,  1903, 
36,  2459).  Fawsitt  (Proc.  Roy.  Soc.  Edin.,  1904,  25,  1,  51)  found 
that  the  fatty  amides  in  aqueous  solution  were  non-electrolytic,  and 
gave  normal  depression  of  the  freezing  point.  The  same  chemistr 
(Electrochemist  and  Metallurgist,  1904,  3,  664)  determined  the 
viscosities  of  a  few  amides  in  aqueous  solution,  and  showed  that 
the  viscosity  increased  with  increasing  molecular  weight. 

Meldrum  and  Turner  (Trans.,  1908,  93,  876),  in  an  ebullioscopic 
examination  of  a  considerable  number  of  amides,  found  that  90  per 
cent,  of  those  used  were  associated  in  benzene,  80  per  cent,  in 
ether,  80  per  cent,  in  chloroform,  10  per  cent,  in  acetone,  45  per 
cent,  in  water,  and  probably  20  per  cent,  in  ethyl  alcohol.  They 
connected  these  results  with  the  dielectric  constants  of  the  solvents, 
and  considered  that  the  carbonyl  group  or  the  nitrogen  atom  was 
the  centre  of  association. 

Turner  and  Merry  (Proc,  1910,  26,  128),  using  Ramsay  and 
Shields'  method,  state  that  all  the  amides  investigated  by  them  are 
associated. 

The  object  of  the  present  work  was  to  investigate  the  viscosity  of 
the  amides  with  the  view  of  detecting  any  hydroxylic  nature,  for 
such  structure  has  been  found  to  affect  very  materially  this  property 

in  aqueous  solution.     Again,  if  the  amides  possessed  the    'C'^-vrxi 

group,  then,  in  pyridine  solution,  salt  formation  would  probably 
occur,  with  enhanced  viscosity.  Further,  the  viscosity  of  the  amides 
in  the  free  condition  had  not  been  previously  investigated,  and  it 
was  of  interest  to  determine  the  equivalent  viscosity  as  being  likely 
to  throw  light  on  their  relative  degrees  of  association. 

Experimental. 

The  viscosity  of  a  large  number  of  amides,  both  fatty  and 
aromatic,  has  been  determined  for  the  free  substances  and  for 
aqueous  and  pyridine  solutions.     The  materials  used  were  as  follows : 

Carbamide. — Kahlbaum's  purest,  m.  p.  132°. 

Formamide. — Kahlbaum's,  redistilled  under  diminished  pressure. 
2"916  grams,  boiled  with  alcoholic  potash  (70  c.c.  of  1*1553^), 
used,  after  boiling,  16"25  c.c.  of  iV^-sulphuric  acid,  whence 
TICO'NH2  =  99-7  per  cent.  Boiled  with  decomposition  at  204°/ 
758  mm.  (208°  corr.) ;  b.  p.   141°/65  mm.,   136°/50  mm.      Briihl 
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(Ztifsch.  physikcd.  Chem.,  1894,  16,  214)  gives  b.  p.  111—112°/ 
14  mm. 

Acetamide. — Kahlbaum's,  m.  p.  82°,  redistilled  b.  p.  215'5°/ 
749  mm. 

Projpion amide. — Kalilbaum's,  m.  p.  80 — 81°. 

n-Butyramide. — Kalilbaum's,  m.  p.  116°. 

Thiocarh amide. — Schuchardt's,  m.  p.  149°,  crystallised  from 
wat^r. 

Acetanilide. — Prepared  from  aniline,  recrystallised  several  times 
from  water,  m.  p.  112°,  b.  p.  283°. 

Benzamide. — Kalilbaum's,  recrystallised  from  hot  water,  m.  p. 
128°. 

Benzanilide. — Schuchardt's,  m.  p.  160°,  crystallised  from  alcohol. 

Thiocarh anilide. — Schuchardt's,  recrystallised  twice  from  alcohol, 
m.  p.  153°. 

Methylacetanilide. — Prepared  from  methylaniline,  recrystallised 
from  alcohol,  m.  p.  101°,  b.  p.  237°. 

Diphenyl  carl)  amide  (carbanilide). — Prepared  from  ketobenz- 
oxazole  and  aniline,  crystallised  from  much  alcohol,  m.  p.  234°  (in 
sealed  tube). 

Ur ethane. — Kahlbaum's,  m.  p.  51°,  b.  p.  179°/ 749  mm. 

Cyanuric  Acid. — Kahlbaum's,  recrystallised  from  hot  water. 

Formanilide. — Schuchardt's,  recrystallised  from  hot  aqueous 
alcohol,  m.  p.  46 — 47°,  b.  p.  271° 

Phthalanil. — Schuchardt's,  m.  p.  205°. 

Fhthalimide. — Schuchardt's,  recrystallised  from  alcohol,  m.  p. 
230°. 

Solvents. — Conductivity  water,  pyridine  partly  from  Kahlbaum, 
dried  over  potassium  hydroxide,  b.  p.  114 — 116°/742  mm.  (corr.), 
partly  from  crude  coal-tar  pyridine  fractionated  with  a  long  rod- 
and-disk  column,  b.  p.  116°. 

Magnitude  of  Experimental  Error. — Densities  were  taken  in 
Sprengel  pyknometers  of  2  c.c.  capacity.  Two  determinations  were 
made,  and  these  usually  agreed  within  a  milligram.  The  density 
error  is  not  greater  than  005  per  cent.  Times  of  flow  were  taken 
until  about  five  concordant  results  were  obtained  agreeing  within 
«ine  second;  as  an  example  the  following  may  be  quoted: 

Butyramide,   1688  per  cent,  in   water. 

3"27-4";  3' 27-4";  3'  27-6";  3'  27-5";  3'  27-7";  3' 27-6''.     Averagc  =  .3'  27-53". 
Greatest  mean  error=0'17  sec. 

The  viscosity  error  may  be  taken  as  ±01  per  cent. 
To  obtain  the  equivalent  viscosities,  two  or  more  determinations 
were  made  at  different  (low)  concentrations.     A  curve  was  then 
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drawn  practically  linear  near  the  origin.  By  arranging  the 
equivalent  concentration  so  low  as  mol.  wt./20,  it  was  possible  to 
interpolate  from  this  linear  portion,  and  so  obtain  a  more  correct 
value  than  could  be  observed  directly. 

The  viscosities  at  high  temperatures  are  not  so  accurate,  since  it  is 
very  difficult  to  secure  effective  ther mo-regulation.  An  example 
■will  illustrate  the  method: 


Temperature 
at  start. 
104-8° 
105-0 
104-8 
105-0 

Temperature 
at  end. 
105  0° 
103-8 
104-6 
105-7 

Time  of  flow. 
5-28 
5-31 
5-27 
5-27 

V 

Average  temp 

srature  104-8 

Average  5  '282 

The  viscosity  error  is  probably   +0'5  per  cent. 
The  following  tables  show  the  results  obtained ;  the  figures  in  the 
first  column  representing  percentages  of  the  substance  in  the  solvent. 


(!)• 


(2) 


(3) 


Table  I. 

Amides  in  Aqueous  Solution 

at   25°. 

.  Carbamide — 

(4). 

PropioTiamide — 

Density. 

Viscosity. 

Density. 

Viscosity. 

1-02 

1-000 

0-00895 

1-245 

0-9974 

0-00919 

8-13 

1-018 

0-00939 

5-65 

0  9984 

0-01025 

11-89 

1-029 

0-00969 

11-71 

1-000 

001188 

15-47 

1033 

0-01035 

22-18 

1-005 

0-01536 

2312 

1-059 

0-01088 

41-48 

1-011 

0-03030 

33-28 

1-087 

0  01252 

70-65 

1-011 

0  05980 

38-13 

1-102 

0-01348 

4618 

1-125 

0  01561 

.  Formaviide — 

(5). 

n-Butyramide — 

1-70 

0-9999 

0-00921 

1-02 

0-9972 

0-00906 

40-22 

1-054 

0-01182 

8-11 

0-9974 

0  01 122 

52-2 

1-069 

0-01283 

16-88 

0-9984 

0-01458 

75-42 

1-115 

0  02101 

17-92 

0-9987 

0-01511 

79-15 

1-118 

0  02275 

1000 

1-132 

00331*  \ 
0-0326*  ]" 

.  Acetamide — 

(6). 

Formic  acid — 

0-78 

0-9977 

0  00890 

3  05 

1  004 

0-00907 

5-82 

1-001 

0-00991 

27-38 

1-060 

0-01041 

17-69 

1  008 

0  01232 

73-85 

1-161 

0-01379 

25-95 

1  Ol.'i 

0-01458 

100  0 

1-209 

0-01580 

37-21 

1  022 

0-01875 

69-26 

1-038 

004442 

From  two  specimens  from  Kahlbaum. 
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Amides  in  Pyridine  Solution  at   25°. 


Thiocarbamide — 

Froptonamuie 

— 

Density. 

Viscosity. 

Density. 

Viscosity. 

5-52 

0-9949 

0-01251 

7-92 

0-9769 

0-01047 

12-57 

1-019 

0  02019 

13-66 

0-9789 

0-01208 

23-75 

0-9817 

0-01615 

Acetamide — 

" 

3-87 

0-9794 

0-00987 

Cyanurie  acid 

— 

16-27 

0-9959 

0-01381 

3-20 

0-9374 

0-01038 

Bemamide — 

FormcLJiilide— 

5-16 

0-9839 

0-01055 

10-32 

0-9903 

0-01089 

12-46 

0-9971 

0-01331 

19-14 

1-004 

0  01335 

Bcnzanilide — 

Phlhalanil — 

5-40 

0-9839 

0  •010-27 

3-55 

0-9821 

0  009606 

9  02 

0-9902 

0-01121 

12-75 

0-9964 

0-01-252 

Phthalimide— 

- 

5-05 

0-9876 

0-009878 

Thiacarbanilidc— 

11  93 

1006 

0-01182 

7-40 

0-9919 

0-01159 

14-51 

1-005 

0-01416 

Formamide — 

7-77 

0-9871 

0  01064 

Mdhylacetam 

de— 

11-10 

0-9935 

001160 

6-59 

0-9786 

0-00967 

17-12 

1-0007 

0-01365 

11-2 

0-9819 

0-01022 

16-44 

0-9844 

0-01082 

Acetamide — 

5-65 

0-9814 

001005 

Carbanilide — 

8-51 

0  98-26 

0  01088 

5-69 

0-9841 

0-01045 

719 

0-9862 

0  01079 

Carbamide — 

0-91 

0  9802 

0  00939 

Ur  ethane — 

9  09 

0-9832 

0-01070 

Pyridine  * — 

14-96 

0  9899 

001202 

100-0 

0-9746 

0-00884 

H.artley,  Thomas,  and  Applebey  (Trans.,  1908,  93,  544)  give  0  00885. 


The  Viscosity  of  the  Amides  at  High  Temperatures. 

To  obtain   comparable  information    as  to  the  relative   state   of 

i.ssociation  of  the  amides,  it  was  necessary  to  work  at  somewhat 

levat^d  temperatures,  seeing  that  propionamide  melts  at  81°  and 

acetamide  at  82°.     A  description  of  the  apparatus  used  may  be  of 

interest. 

A  large  beaker  filled  with  cylinder  oil  of  high  flash-point  was 
supported  on  wire  gauze  and  jacketed  with  asbestos  paper,  through 
which  two  opposite  longitudinal  slits  were  cut  for  observations  of 
the  viscometer.  Through  the  metal  lid  passed  a  thermometer 
graduated  in  fifths  of  a  degree,  a  stirrer  connected  with  a  Henrici 
motor,  and  the  viscometer.  The  latter  was  designed  with  the 
vif'w  of  increased  accuracy  in  filling.  The  usual  method  (Ostwald, 
I'l^ijsico-Chemical  Measurements,  1894,  163)  is  to  run  in  a  known 
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Fig.  1. 


volume  of  liquid  from  a  pipette.  This  is  obviously  impossible  -when 
working  with  a  substance  which  is  solid  at  the  ordinary  tem- 
perature, unless  the  pipette  can  be  kept  at  a  sufficiently  high  tem- 
perature, so  that  the  instrument  shown  in  Fig.  1  was  used.  It  is 
of  the  Ostwald  type,  and  merely  possesses  two  etched  lines  at  the 
same  level  on  the  same  limb.  The  viscometer 
is  cleaned  and  dried,  and  the  compound  under 
observation  is  distilled  into  it.  Where  distillation 
is  impossible,  the  melted  subs'tapce  must  be  filtered 
in.  Unless  filtration  or  distillation  is  resorted  to, 
it  is  practically  impossible  to  secure  freedom 
from  particles  of  dust,  which  will  inevitably 
choke  the  capillary.  This  is  the  most  fertile 
source  of  error  in  viscometry.  The  instrument 
filled  just  above  the  marks  is  placed  in  the  oil- 
bath,  and  levelled  by  means  of  a  gravity  bob 
hung  from  the  supporting  clamp.  After  remain- 
ing for  ten  minutes  to  attain  the  bath  tem- 
perature (a  thin  flame  obtained  from  a  Bunsen 
burner  after  unscrewing  the  chimney,  and  con- 
trolled by  a  long  lever  on  the  tap,  gives  excellent 
temperature  regulation),  the  liquid  is  adjusted  to 
the  marks  by  a  capillary  pipette,  and  times  of 
flow  are  taken  and  averaged.  Absolute  densities 
were  measured  in  a  10  c.c.  bottle-shaped  pykno- 
meter  filled  with  fused  compound.  A  correction 
was  applied  for  the  known  coefficient  of  expansion 
of  the  glass,  the  volume  being  deternuned  at 
25°  and  45°  by  the  water  content. 

The  viscometer  was   calibrated  with  etEylene  dibromide  in  the 
following  way: 

Log  viscometer  constant  =  log  -q  —  log  time  -  log  density. 
At  105°,  -q  for  ethylene  dibromide  =  0-00639  (Thorpe  and  Eodger). 
At  120°,  t;  „  „         =0-00562  „  „ 

Time  of  flow  at  105°  =  77'4  sees.,  and  at  120°=  71-9  sees. 
Density  at  105°  =  2-009,  and  at  120°=  1-979. 
whence  log  Jrj„5  =  5-6138,  and  log /r,ao  =  5-5965. 

Hence  the  viscosity  of  a  compound  at  120°  or  105°  is  obtained 
from  the  equation  r]  —  Kx  time  x  density. 

The  ethylene  dibromide  used  for  this  purpose  boiled  at  129'5°/ 
749  mm. 


r 
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Table  IL 

Amides  at  High  Temperatures. 

105°: 

V-                      d.  Mol.  wt. 

Formamide 000768  1061  45 

Acetamide  00132  0-980  59 

Propionamide     0-0127  0*933  73 

Urethane    0-00916  1'005  89 

120°: 

Formamide 0-00659  1-050  45 

Acetamide 0-0106  0-967  59 

Propionamide     00103  0*925  73 

Urethane    0-00715  0-991  89 

Formanilide   00165  1-076  121 

Acetanilide 0-0222  1-034  135 

Methylacetanilide...         0-00818  0977  149 


7jxlO«/M.V. 
181 
219 
162 
103-5 


154 

174 
136 

77-8 
147 
170 

53-6 


Discussion  of  Results. 
The  Amides  in  Aqueous  Solution. 

Formamide,  acetamide,  propionamide,  w-butyramide;  and  carb- 
amide were  examined  in  aqueous  solution.  In  Fig.  2  are  plotted 
the  viscosity-concentration  curves  of  the  above  amides,  together 
■with  those  of  formic  acid  and  methyl  alcohol  for  comparison. 

In  connexion  -with  formamide,  Walden  (Zeitsch.  Electrochem., 
1908,  14,  718)  found  a  high  value  for  the  latent  heat  of  fusion 

(50'4,  acetamide  being  694).     Moreover  the  expression  — — r-   for 

Td 

formamide  is  8*31,  and  for  acetamide  11'51,  giving  the  coefficients 

of  association  1-62  formamide,  and  ri7  acetamide. 

The  rapid  increase  of  viscosity  with  increasing  amide  concentration 

is  remarkable,   and   indicate  very  considerable  association  on   the 

part  of  these  compounds.     Comparing  formamide  and  formic  acid, 

which  yield  (Curves  of  similar  type  up  to  a  concentration  of  30  per 

cent.,  it  is  evident  that  beyond  this  limit  the  formamide  curve  rises 

steeply  until  the  relatively  high  viscosity  00326  is  reached  for  the 

pure  substance. 

Now  it  has  been  shown  that  the  quantity  — ^ —  x  10^  has  a  series 

constancy;  for  example,  for  alkyl  chlorides  it  is  37"4,  and  for 
ketones  433  (DunsUn  and  Thole,  J.  Chim.  Phyt.,  1909,  7,  204), 
whilst  for  associated  compounds  values  in  great  excess  of  -these  are 

Tl  X  lO** 

obtained.     For  formamide,   "^tt"  =  ^82,  and  for  formic  acid   this 

expression -415.  There  is  thus  little  doubt  that  formamide  in  the 
free  state  is  extremely  associated,  and  although  these  numbers  do 
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not  give  an  exa<;t  value  for  the  degree  of  association,  yet  it  is 
possible,  qualitatively,  to  obtain  a  very  fair  idea  of  the  relative 
extents  of  the  molecular  complexity.  By  measuring  off  the  curves, 
the  values  of  the  viscosity  coefficients  at  equimolecular  concen- 
trations, the  following  numbers  are  obtained : 

Equivalent  viscosity 
Mol.  wt.  Amide.  at  mol.  wt./8  per  cent. 

87  Butyramide  122 

73  Piopionamide  110 

59  Acetamide 102 

60  Carbamide 94 

45  Formamide    90 

46  Formic  acid  92 

32  Metliyl  alcohol 99 

Fig.  2. 


'£ 


0-0400 


0  0320 


0-0240 


0-0160 


0-00800 
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i 
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^ 

^ 

20  40  60 
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80 


100 


The  above  equivalent  viscosities  in  aqueous  solution  illustrate  the 
dissociating  action  of  the  solvent.  Formamide  is  almost  completely 
broken  down,  since  its  equivalent  viscosity  is  nearly  identical  with 
that  of  formic  acid,  which  does  not  exist  associated  with  water  in 
aqueous  solution.  Methyl  alcohol,  on  the  other  hand,  is  most 
probably  associated  with  the  solvent.     There  is  a  steady  increase 
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in  viscosity  as  the  molecular  "weights  of  the  amides  become  greater. 
According  to  Meldrum  and  Turner  {loc.  cit.),  the  amides  are 
associated  in  aqueous  solution  with  the  possible  exception  of 
carbamide  (formamide  was  not  examined  by  them). 

The  position  of  carbamide  is  interesting,  seeing  that  the  curve 
lies  almost  exactly  midway  between  those  for  acetamide  and 
formamide.  Although  of  nearly  identical  molecular  weight,  the 
equivalent  viscosity  is  considerably  lower  than  that  of  acetamide. 

Here,  however,  another  consideration  should  be  advanced. 
Viscosity  is  not  entirely  a  matter  of  molecular  mass  or  molecular 
volume.  What  may  be  termed  the  molecular  shape  or  symmetry 
cannot  be  ignored,  and  in  accordance  with  this  view  it  is  found 
that  the  viscosity  of  iso-compounds  differs  from  that  of  the  normal 
isomerides.  It  may  happen  that  carbamide  is  a  more  symmetrical 
compound  than  acetamide,  in  which  case,  although  the  degree  of 
association  might  be  the  same,  the  molecular  viscosity  would  be  less. 


The  Amides  in  Pyridine  Solution. 

The  choice  of  pyridine  was  made  in  the  expectation  that  if  any 

tendency  existed  towards  the  structure  'C'^>jtt  on  the  part  of  the 

amides,  it  would  be  developed  by  the  well-known  basic  properties 
of  this  solvent.  With  the  possible  exceptions  of  thiocarbamide, 
cyanuric  acid,  and  thiocarbanilide,  this  hope  was  not  realised,  but 
at  the  same  time  it  will  be  evident  from  the  curve  that  an 
approximate  separation  of  the  amides  in  the  order  of  their 
molecular  complexity  is  achieved.  Pyridine  is  a  dissociating  solvent 
(von  Laszczynski  and  von  Gorski,  Zeitsch.  Elektrochem.,  1897,  4, 
299),  and,  like  water,  tends  to  break  up  the  aggregates  presented  to 
it.  It  is  particularly  noteworthy  that  the  amide  the  molecular 
viscosity  of  which  was  smallest  in  the  fused  state,  methylacetanilide, 
affords  the  curve  with  the  least  upward  tendency,  that  is,  the  least 
effect  on  the  viscosity  of  the  solvent.  For  the  sake  of  comparison, 
viscosities  of  the  solutions  have  been  measured  at  equivalent  con- 
centrations, mol.  wt./20  per  cent. 
The  order  then  becomes : 

At  mol.  wt  /20 
Mol.  wt         Amide.  per  cent. 

45        Formamide  0"0093 

59         Acetamide     0*0095 

149         Methylacetanilide.     0-0097 

89         Urethaiie  0-0097 

73         Propionaniide  0  0097 

121         Fonnanilide 0-0098 

(50        Carliamide    O'OlOl 

123        Phthalimide 0*0102 


Mol.  wt 
121 
135 
76 
212 
223 

Amide. 

Benzamide    

Acetanilide  

Thiocarbamide.. 

Carbanilide  

Phthalanil    

Atmol.  wt./20 

per  cent. 
....     0-0108 
....     00108 
....     00109 
....     00110 
....     00114 

197 

Beuzauilide  

....     00116 

129 
228 

Cjaiiunc  acid  .. 
Thiocarbanilide 

....     00120 
...     00130 
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The  value  for  carbamide  is  not  of  the  same  order  of  accuracy  as 
the  other  amides,  seeing  that  a  concentration  of  1  per  cent,  was  the 
highest  obtained.  If  it  be  granted  that  the  amides  in  certain 
instances  do  react  as  acids,  then  the  high  molecular  viscosities  of 
thiocarbanilide  and  benzanilide  would  be  explained,  and  this 
explanation  is  at  least  a  possible  one.  But  at  the  same  time  the 
non-acidic  nature  of  the  fatty  amides  is  emphasised.  The  values 
in  pyridine  solution  are  complicated  therefore  by  two  causes:  (1) 
the  dissociation  more  or  less  complete  suffered  by  the  dissolved- 
substance;  (2)  the  effect  of  any  acidic  nature  of  the  solute.  When 
the  equivalent  viscosities  in  pyridine  are  compared  with  those  in 
aqueous  solution,  it  is  again  noticed  that  formamide  has  the  lowest 
value;  this,  of  course,  may  be  in  each  case  due  to  the  fact  that 
it  is  the  most  easily  dissociated,  but  it  must  be  emphasised  once 
more  that  the  question  of  molecular  symmetry  cannot  be  ignored 
in  drawing  comparisons  based  on  viscosity  determinations.  We 
intend  extending  this  research  to  the  investigation  of  the  general 
question  of  solutions  in  the  amides,  and  particularly  to  the  question 
of  relative  viscosities  at  corresponding  temperatures. 

In  conclusion,  we  desire  to  express  our  gratitude  to  Mr.  W.  E.  S. 
Turner  for  many  useful  suggestions  and  criticism,  and  to  the 
Research  Fund  of  the  Chemical  Society  for  a  grant  in  aid  of  the 
work. 

Physical  Chemical  Laboratory, 

East  Ham  Technical  College. 


CCVI. — The    Constituents  of  Leptandra. 

By  Frederick  Belding  Power  and  Harold  Roger3on. 

Under  the  title  of  "  leptandra,"  the  Pharmacopoeia  of  the  United 
States  recognises  the  dried  rhizome  and  roots  of  Veronica  virginica, 
Linne  {Leptandra  virginica,  Nuttall),  a  plant  which  is  indigenous  i 
to  the  greater  part  of  North  America.  The  above-mentioned 
underground  portion  of  the  plant  is  used  medicinally,  and  the  crude 
resinous  material  obtained  therefrom  is  one  of  the  products  to  which 
the  name  "  leptandrin  "  has  been  assigned. 

The  first  chemical  examination  of  "  leptandra  "  appears  to  have 
been  that  recorded  by  E.  S.  Wayne  (Proc.  Amer.  Pharm.  Assoc, 
1856,  p.  34),  who  stated  that,  besides  essential  oil,  bitter  extractive, 
tannin,  gum,  and  resin,  it  contains  a  crystalline,  bitter  substance, 
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wliicli  separated  from  the  ethereal  solution  in  needles.  This  sub- 
stance, although  not  further  characterised,  was  considered  to  repre- 
sent the  active  principle  of  the  drug,  and  for  it  the  name  "  lep- 
tandrin  "  has  since  been  proposed.  The  same  investigator  (^Amer. 
J.  Pharm.,  1859,  31,  557)  also  observed  the  presence  of  "a 
saccharine  principle  having  the  properties  of  mannite."  It  was 
subsequently  indicated  by  F.  F.  Mayer  {Amer.  J.  Pharm.,  1863, 
35,  298),  and  more  recently  by  J.  U.  Lloyd  {Proc.  Amer.  Pharm. 
Assoc,  1880,  28,  421),  that  the  bitter  principle  of  the  drug  is  a 
glucoside,  although  no  definite  substance  of  this  class  had  actually 
beeu  isolated.  Steinmann  (Amer.  J.  Pharm.,  1887,  59,  229)  states 
that  he  obtained  the  bitter  principle  in  crystals  of  a  pale  lemon- 
yellow  colour,  but  they  yielded  no  dextrose  when  boiled  with  dilute 
sulphuric  a<;id,  and  their  solution  gave  no  precipitate  with  the 
usual  alkaloid  reagents. 

It  will  be  apparent  from  the  brief  review  of  the  literature  given 
above  that,  with  the  exception  of  the  recorded  presence  of  mannitol, 
nothing  of  a  very  definite  nature  has  up  to  the  present  been  known 
respecting  the  constituents  of  "  leptandra."  It  was  therefore 
deemed  of  interest  to  subject  it  to  a  complete  examination,  and 
the  results  are  embodied  in  the  present  communication. 

Experimental. 

The  material  employed  for  this  investigation  consisted  of  a  good 
quality  of  commercial  "leptandra,"'  which  conformed  in  its  characters 
to  the  description  given  of  the  latter  in  the  United  States 
Pharmacopoeia. 

A  small  portion  (10  grams)  of  the  material  was  first  tested  for  an 
alkaloid,  but  the  reactions  were  so  slight  as  to  indicate  the  presence 
of  not  more  than  traces  of  such  a  substance. 

Twenty  grams  of  the  ground  material  were  successively  extracted 
iu  a  Soxhiet  apparatus  with  various  solvents,  when  the  following 
amounts  of  extract,  dried  at  100°,  were  obtained : 

Petroleum  (b.  p.  35— 60°)  extracted  Oil  gram  =  055  jwr  cent. 

Ether  „        056     „  =   2-80       „ 

Chloroform  ,,         I'OO     ,,  =5-00      ,, 

Ethyl  acetate  ,,         0  65     „  =   325       „ 

Alcohol  „         295    „  =14-75      ,, 

Total  5-27  grams  =  26  35  per  cent. 

For  the  purpose  of  a  complete  examination,  a  quantity  (55"56 
kilograms)  of  the  ground  material  was  extracted  by  continuous 
percolation  with  hot  alcohol.  After  the  removal  of  the  greater 
portion  of  the  alcohol,  a  viscid,  dark-coloured  extract  was  obtained, 
nnounting  to  1979  kilograms. 
VOL.  xcvii.  6  M 
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Distillation  of  the  Extract  with  Steam.     Separation  of  an 
Essential  Oil. 

A  quantity  (2  kilograms)  of  the  above-mentioned  extract  was 
mixed  with  water,  and  steam  passed  through  the  mixture  for 
several  hours.  The  distillate,  which  amounted  to  about  6  litres, 
contained  some  oily  drops  floating  on  the  surface.  It  was  thoroughly 
extracted  with  ether,  the  ethereal  liquid  being  dried  and  the  solvent 
removed,  when  0"9  gram  of  an  essential  oil  was  obtained.  The 
yield  of  the  latter  was  thus  equivalent  to  0*1 6  per  cent,  of  the 
weight  of  the  drug.  This  essential  oil,  when  distilled  under 
diminished  pressure,  passed  over  between  120°  and  160°/25  mm. 
It  was  a  dark  brown,  mobile  liquid,  possessing  a  strong,  persistent 
odour,  and  gave  no  coloration  with  ferric  chloride. 

Non-volatile  Constituents  of  the  Extract. 

Aft^r  the  distillation  of  the  extract  with  steam,  as  above 
described,  there  remained  in  the  distillation  flask  a  dark-coloured, 
aqueous  liquid  (A),  and  a  quantity  of  a  dark  brown  resin  (B). 
These  products,  when  cold,  were  separated  by  filtration,  and  the 
resin  repeatedly  washed  with  hot  water  until  nothing  further  was 
removed,  the  washings  being  added  to  the  aqueous  liquid. 

Examination  of  the  Aqueous  Liquid  (A). 

Isolation  of  3:  A-Dimethoxycinnamic  Acid, 
C6H3(OMe)2-CH:CH-C02H. 

The  aqueous  liquid  was  repeatedly  extracted  with  ether,  and  the 
combined  ethereal  extracts  evaporated  to  a  small  volume.  On 
cooling,  a  quantity  (5'0  grams)  of  a  crystalline  substance  separated. 
This  was  removed  by  filtration,  dried,  and  recrystallised  from  water, 
when  it  separated  in  yellow  needles,  melting  at  about  170°,  but 
after  repeated  crystallisation  from  absolute  alcohol  it  was  obtained 
in  large,  colourless  needles,  melting  at  180 — 181°.  (Found,  C  =  63"4 ; 
H  =  5-9;  OMe  =  29-2.  Calc,  C  =  63-5;  H  =  5-8;  OMe  =  29-8  per 
cent.) 

The  substance  was  found  to  be  an  acid,  and  is  seen  to  agree  in  its 
characters  and  composition  with  3 :  4-dimethoxycinnamic  acid, 
C6H3(OMe)2-CH:CH-C02H.  When  mixed  with  a  portion  of  the 
latter,  as  obtained  by  the  methylation  of  ferulic  acid  (Trans.,  1907, 
91,  893),  the  melting  point  was  unchanged.  Further  confirmation 
of  the  identity  of  the  acid  was  obtained  by  the  preparation  of  its 
methyl  ester,  which  separated  from  absolute  alcohol  in  small 
prisms,  melting  at  64°.     So  far  as  known  to  us,  this  is  the  first 
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instance  in  which  3 :  4-dimethoxycinnamic  acid  has  been  observed 
to  occur  in  nature. 

The  ethereal  liquid  from  which  the  above-described  acid  had  been 
separated  was  diluted  somewhat,  and  then  shaken  with  successive 
portions  of  aqueous  ammonium  carbonate.  On  acidifying  the 
alkaline  liquids,  a  solid  substance  was  precipitated,  which  was 
likewise  found  to  consist  of  3 :  4-dimethoxycinnamic  acid.  The 
total  amount  of  this  acid  obtained  from  2  kilograms  of  the  original 
alcoholic  extract  was  12  0  grams,  and  was  thus  equivalent  to  about 
0'2  per  cent,  of  the  weight  of  the  drug. 

The  ethereal  liquid  was  subsequently  shaken  with  a  solution  of 
sodium  carbonate,  which,  however,  removed  nothing.  It  was  then 
treated  with  a  10  per  cent,  solution  of  sodium  hydroxide,  when  a 
quantity  of  resinous  material  was  removed,  but  from  which  nothing 
definite  could  be  isolated.  On  finally  evaporating  the  ether,  only 
a  small  amount  of  a  yellow,  amorphous  product  was  obtained. 

The  original  aqueous  liquid  (A),  which  had  been  extracted  with 
ether  as  above  described,  was  thoroughly  shaken  with  successive 
portions  of  amyl  alcohol.  These  liquids  were  then  united,  washed 
repeatedly  with  water,  and  concentrated  under  diminished  pressure 
to  a  small  volume,  when,  on  cooling,  a  considerable  quantity  of  a 
light  brown,  amorphous  product  separated.  After  removing  the 
amyl  alcohol  as  completely  as  possible,  the  entire  amount  of  this 
product  was  dissolved  in  alcohol,  and  the  solution  poured  into  a 
large  volume  of  water.  The  precipitate  thus  produced  was  collected, 
washed,  and  dried,  when  it  could  be  reduced  to  a  brown  powder, 
but  all  attempts  to  obtain  it  in  a  crystalline  state  were  unsuccessful. 
It  amounted  to  90  grams,  or  16  per  cent,  of  the  weight  of  drug 
employed. 

The  above-described  product  possessed  an  intensely  bitter  and 
nauseous  taste.     It  was  readily  soluble  in  alcohol,  but  very  sparingly 

o  in  water,  even  on  boiling.  Although  the  very  dilute  aqueous 
solution  frothed  strongly  on  agitation,  the  substance  appeared  to 
possess  otherwise  none  of  the  characters  of  the  saponins,  and  it  was 
not  sternutatory. 

In    order    to  obtain  some    further    information    respecting    the 

haracter  of  the  above-described  product,  a  quantity  (10  grams)  of 
It  was  heated  with  1000  c.c.  of  2  per  cent,  aqueous  sulphuric  acid 
tor  about  four  hours,  when,  on  cooling,  a  hard,  black,  resinous  mass 

•  parated.  The  liquid  was  then  distilled  in  a  current  of  steam, 
the  distillate  extracted  with  ether,  and  the  ethereal  liquid  shaken 
with  a  solution  of  sodium  carbonate.  On  acidifying  the  alkaline 
liquid,  again  extracting  with  ether,  and   removing   the  solvent,  a 
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small  amount  of  an  acid  was  obtained,  which,  on  crystallising  from 
water,  separated  in  leaflets,  melting  at  131 — 133°.  This  acid 
yielded  benzaldehyde  on  oxidation,  and  was  identified  as  cinnamic 
acid.  The  ethereal  liquid  which  had  been  extracted  with  alkali  was 
finally  evaporated,  but  it  yielded  only  a  trace  of  a  deep  yellow  oil. 

The  aqueous,  acid  liquid  remaining  after  the  distillation  with 
steam,  as  above  described,  was  separated  from  the  hard,  black, 
resinous  mass,  which  weighed  5 "5  grams,  and  shaken  with  ether,  the 
ethereal  liquid  being  subsequently  extracted  with  a  solution  of 
ammonium  carbonate.  On  acidifying  the  alkaline  liquid,  again 
extracting  with  ether,  and  removing  the  solvent,  about  0'3  gram 
of  a  crystalline  product  was  obtained,  which  was  found  to  consist 
of  a  mixture  of  acids.  The  ethereal  liquid  which  had  been 
extracted  with  alkali  was  finally  evaporated,  but  it  yielded  only  a 
small  amount  of  a  yellow  oil,  which  gave  a  green  coloration  with 
ferric  chloride. 

After  extracting  the  above-mentioned  aqueous,  acid  liquid  with 
ether,  it  was  treated  with  barium  hydroxide  for  the  removal  of 
the  sulphuric  acid.  The  filtered  liquid  readily  reduced  Fehling's 
solution,  but  no  crystalline  osazone  could  be  prepared  from  it. 

From  the  above  results  it  was  evident  that  the  bitter,  amorphous 
product,  which  had  been  obtained  by  extracting  the  original 
aqueous  liquid  with  amyl  alcohol,  was  of  a  complex  nature,  and 
that  not  more  than  a  small  proportion  of  it  could  have  been 
glucosidic.  It  was,  moreover,  apparent  that  the  acids  which  it 
yielded  by  treatment  with  dilute  sulphuric  acid  were  present  in  the 
form  of  esters,  inasmuch  as  on  heating  the  product  with  aqueous 
sodium  hydroxide  a  similar  mixture  of  acids  was  obtained,  and  in 
better  yield.  This  mixture  of  acids  was  found  on  examination  to 
consist  chiefliy  of  7>-methoxycinnamic  acid,  together  with  smaller 
amounts  of  cinnamic  acid  and  another  compound  which  could  not 
be  identified. 

The  original  aqueous  liquid,  after  being  extracted  with  amyl 
alcohol  as  above  described,  was  concentrated  somewhat,  and  treated 
•with  a  slight  excess  of  a  solution  of  basic  lead  acetate.  A  copious 
brown  precipitate  was  thus  produced,  which  was  collected,  well 
washed  with  water,  then  suspended  in  water,  decomposed  byi 
hydrogen  sulphide,  and  the  mixture  filtered.  The  filtrate,  when 
concentrated,  was  dark  reddish-brown,  and  appeared  to  contain  ^^ 
only  tannic  and  colouring  matter.  fll 

The  liquid  from  the  basic  lead  acetate  precipitate  was  treated 
with  hydrogen  sulphide  for  the  removal  of  the  lead,  and  the  filtered 
liquid  concentrated  to  a  small  bulk.     To  the  syrup  thus  obtained  i 
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a  large  volume  of  alcohol  was  added,  when  a  quantity  of  a 
crystalline  substance  was  deposited,  which  was  collected,  washed 
with  a  little  alcohol,  and  dried.  The  liquid  from  which  this  crys- 
talline substance  had  been  separated  was  deprived  of  alcohol,  and 
evaporated  to  the  consistency  of  a  syrup.  It  evidently  contained  a 
large  amount  of  a  sugar,  since  it  readily  reduced  Pehling's  solution, 
and  yielded  c?-phenylglucosazone,  melting  at  209 — 211°. 

Isolation  of  d-Mannitol. 

The  crystalline  substance  above  described,  which  amounted  to 
120  grams,  or  2"  14  per  cent,  of  the  weight  of  the  drug,  was  re- 
crystallised  from  alcohol,  when  it  separated  in  needles,  melting  at 
165—166°,  and  proved  to  be  </-mannitol.  (Found,  C  =  39Sl;  H:  =  7-8. 
Calc,  C  =  39-6;  H  =  7-7  per  cent.) 

Further  confirmation  of  the  identity  of  the  above-described 
substance  with  mannitol  was  obtained  by  the  formation  of  its  acetyl 
and  benzoyl  derivatives. 

On  heating  a  little  of  the  substance  with  acetic  anhydride,  a 
product  was  obtained  which,  when  crystallised  from  absolute 
alcohol,  separated  in  octahedra,  melting  at  122 — 124°,  and  consisted 
of  the  hexa-acetyl  derivative  of  mannitol. 

Another  portion  of  the  substance  was  benzoylated  by  the 
Schotten-Baumann  method,  as  employed  by  Panormoff  (/.  Su^s. 
Phys.  Chem.  Soc,  1891,  23,  375),  when  a  product  was  obtained 
which  was  soluble  in  chloroform,  but,  on  the  removal  of  the  solvent, 
formed  a  syrup.  On  dissolving  this,  however,  in  a  small  volume  of 
ether,  it  yielded  a  mass  of  needle-shaped  crystals,  which  melted  at 
149°,  and  after  recrystallisation  from  a  mixture  of  ethyl  acetate 
and  alcohol,  or  from  acetic  anhydride,  the  melting  point  remained 
unchanged.  (Found,  0  =  713;  H  =  4-9.  Calc,  0  =  714;  H  =  4-7 
per  cent.) 

This  substance  is  thus  seen  to  be  hexabenzoylmannitol, 
C6Hy0e(00-0gH5)6,  the  melting  point  of  which  has  been  given  as 
149°  by  Skraup  (Monatsh.,  1889,  10,  389)  and  by  Panormoff  (he. 
cit.),  but  was  incorrectly  recorded  by  Stohmann,  Rodatz,  and 
Herzberg  (J.  pr.  Chem.,  1887,  [ii],  36,  354)  as  124—125°. 

The  optical  rotatory  power  of  hexabenzoylmannitol  does  not 
appear  to  have  previously  been  recorded,  and  this  was  therefore 
determined,  with  the  following  result: 

04238,  made  up  to  20  c.c.  with  chloroform,  gave  Oj,  +  2°9'  in  a 
2-dcm.  tube,  whence  [o]„  +507°. 

If  the  benzoylation  of  mannitol  is  conducted  in  the  usual  manner, 
by  adding  the  benzoyl  chloride  in  small  quantities  at  a  time,  a 
dibenzoyl  derivative,  C^^iiOf,{CO'C^B.^\,  is  obUined.     This  is  very 
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sparingly  soluble  in  the  usual  organic  solvents,  and  crystallises  in 
small,  prismatic  needles,  which  melt  at  178 — 180°.  (Found, 
C  =  61-0;  H  =  5-8.     Calc,  C  =  61-5;  H  =  5-6  per  cent.) 

0'3410,  made  up  to  20  c.c.  with  pyridine,  gave  Op  +0°22'  in  a 
2-dcm.  tube,  whence  [a]p  + 10'7°. 

Dibenzoylmannitol  has  previously  been  obtained  by  Einhorn  and 
Hollandt  (Annalen,  1898,  301,  102),  who  recorded  its  melting 
point  as  178°.  On  adding  an  excess  of  benzoyl  chloride  to  a  hot 
solution  of  mannitol  in  pyridine,  according  to  the  method  of  the 
last-mentioned  investigators,  a  crystalline  substance  began  to 
separate  at  once,  which  was  evidently  the  dibenzoyl  derivative. 
"When,  however,  the  liquid  was  heated  a  little  longer,  a  vigorous 
reaction  ensued,  which  soon  subsided,  and  a  perfectly  clear  solution 
was  obtained.  The  product  was  then  poured  into  water  and 
extracted  with  ether,  when  a  substance  was  obtained  which  melted 
at  149°,  and  proved  to  be  hexabenzoylmannitol. 

Examination  of  the  Eesin   (B). 

This  was  a  dark  brown,  brittle  mass,  and  amounted  to  about 
350  grams,  being  thus  equivalent  to  6"2  per  cent,  of  the  drug.  It 
was  dissolved  in  alcohol,  mixed  with  purified  sawdust,  and  the 
mixture  successively  extracted  in  a  Soxhlet  apparatus  with  light 
petroleum  (b.  p.  35 — 50°),  ether,  chloroform,  ethyl  acetate,  and 
alcohol. 

Petroleum  Extract  of  the  Resin. 

This  was  a  dark  brown  mass,  amounting  to  24'5  grams.  The 
extract  was  dissolved  in  ether,  and  the  ethereal  solution  shaken 
with  aqueous  ammonium  carbonate,  which,  however,  removed  only 
a  small  amount  of  resinous  material,  together  with  a  trace  of 
3 :  4-dimethoxycinnamic  acid.  The  ethereal  solution  was  then 
shaken  with  aqueous  potassium  carbonate,  and  the  alkaline  liquid 
acidified,  when  a  quantity  of  black,  tarry  material  was  precipitated. 
This  was  distilled  several  times  under  diminished  pressure,  when  a 
product  was  finally  obtained  which  passed  over  between  220°  and 
240°/ 15  mm.  as  a  light  yellow  oil,  and  partly  solidified  on  cooling. 
The  free  acids  thus  obtained  amounted  to  37  grams,  and  were 
examined  together  with  the  combined  acids  which  will  subsequently 
be  described. 

After  treatment  with  potassium  carbonate,  as  above  described, 
ts^  ethereal  solution  was  shaken  with  aqueous  potassium  hydroxide, 
which,  however,  removed  nothing.  On  finally  evaporating  the  ether, 
a  residue  was  obtained,  which  was  hydrolysed  by  heating  with  an 
alcoholic  solution  of  potassium  hydroxide.     The  alcohol  was  then 
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removed,  and  the  cooled,  aqueous,  alkaline  liquid  extracted  with 
ether,  the  ethereal  liquid  being  dried  and  the  solvent  evaporated. 
On  dissolving  the  residue  in  alcohol,  a  small  quantity  of  a  solid 
separated,  which,  when  recrystallised  from  ethyl  acetate,  melted  at 
62 — 65°,  and  wa-s  found  to  consist  of  a  hydrocarbon  and  an  alcohol, 
but  the  amount  was  too  small  to  permit  of  their  separation. 

Isolation  of  a  Phytosterol,   Verosterol,  C2.i^\&^i^2^' 

The  alcoholic  filtrate  from  the  above-mentioned  solid  was  con- 
centrated to  a  small  bulk,  when,  after  two  or  three  days,  a  quantity 
of  a  crystalline  substance  separated.  This  was  collected,  washed, 
and  recrystallised  from  a  mixture  of  ethyl  acetate  and  dilute 
alcohol,  when  it  separated  in  flat  needles,  melting  at  135 — 136°, 
and  gave  the  colour  reactions  of  the  phytosterols : 

0-2500,  on  heating  at  110°,  lost  0-0126  H2O.     H2O  =  5-0. 

0-1230*  gave  03764  COg  and  01360  HgO.     C  =  83-5;  H  =  12-3. 

CavH^gOjHgO  requires   H20  =  4-5   per   cent. 

CoyH^gO  requires  C  =  83-9;  H  =  ll-9  per  cent. 

A  determination  of  its  optical  rotatory  power  gave  the  following 
result : 

0-2374,*  made  up  to  20  c.c.  with  chloroform,  gave  Oj,  —  0°47'  in  a 
2-dcm.  tube,  whence  [a]^  - 330°. 

A  small  amount  of  the  phytosterol  wais  converted  into  its  acetate, 
which  separated  from  acetic  anhydride  in  flat  needles,  melting  at 
119—120°. 

The  above-described  phytosterol  evidently  represents  a  member 
of  this  class  of  substances  which  is  widely  distributed  in  nature, 
and  compounds  possessing  practically  the  same  physical  characters 
have  previously  been  obtained  in  these  laboratories  from  various 
sources,  such  as  olive  bark,  wild  cherry  bark,  and  jalap  (Trans., 
1908,  93,  909;  1909,  95,  246;  /.  Amer.  Chem.  Soc,  1910,  32,  87; 
compare  also  Menozzi  and  Moreschi,  Atti  R.  Accad.  Lincei,  1910, 
[v],  19,  i,  187).  In  view  of  these  facts,  and  in  order  to  distinguish 
the  above-described  phytosterol  from  sitosterol,  which  differs  by 
the  higher  melting  point  of  its  acetate  {Monatsh.,  1897,  18,  651), 
it  would  appear  desirable  to  assign  to  it  a  specific  name.  It  is 
therefore  proposed  to  designate  it  verosterol,  with  reference  to  the 
generic  name  of  the  plant,  Veronica,  from  which  it  has  now  been 
obtained. 

Identification  of  the  Fatty  Acids. 

The  alkaline  liquid,  which  had  been  extracted  with  ether  as 
above  dose ri bed,  was  acidified,  and  the  liberated  fatty  acids  collected, 

*  Anhydrous  substance. 
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dried,  and  distilled  under  diminished  pressure,  when  they  passed 
over  between  220°  and  250°/ 15  mm.  as  a  pale  yellow  oil.  The 
acids  thus  obtained,  which  amounted  to  4" 2  grams,  were  mixed  with 
the  previously  mentioned  portion  of  acids  present  in  the  free  state, 
and  the  whole  converted  into  their  lead  salts,  the  latter  being  then 
digested  with  ether,  when  a  portion  was  dissolved.  Both  the 
soluble  and  insoluble  portions  were  decomposed  by  hydrochloric  acid, 
and  the  regenerated  fatty  acids  purified  by  distillation  under 
diminished  pressure.  The  soluble  portion  of  the  lead  salts  yielded 
4'2  grams  of  liquid  acids,  whilst  the  insoluble  portion  gave  3'3  grams 
of  solid  acids. 

The  Liquid  Acids. — These  acids,  when  distilled  under  diminished 
pressure,  passed  over  between  215°  and  235°/ 15  mm.  as  a  yellow 
oil.  An  analysis  and  a  determination  of  the  constants  gave  the 
following  results: 

0-1738  gave  0-4842  CO^  and  0-1788  H^O.     C  =  76-0;  H  =  ir4. 

0-3788  absorbed  0-4872  iodine.     Iodine  value  =  128-6. 

0-1540  neutralised  0*0307  KOH.     Neutralisation  value  =  199-3. 
C18H34O2  requires  C  =  76-6;  H  =  12-l  per  cent.     Iodine  value  =  90-l; 

Neutralisation  value  =  198-9. 

C28II32O2  requires  0  =  77*1;  H  =  11'4  per  cent.    Iodine  value  =  181-4; 

Neutralisation  value  =  200-4. 

It  is  evident  from  the  above  results  that  the  liquid  acids  con- 
sisted of  a  mixture  of  oleic  and  linolic  acids. 

The  Solid  Acids. — These  acids,  after  being  again  distilled  under 
diminished  pressure,  were  crystallised  twice  from  ethyl  acetate, 
when  they  melted  at  54 — 56° : 

0-1512  gave  04190  CO2  and  0-1728  HgO.     C  =  75-6;  H  =  12-7. 

0-2864  neutralised  0-0590  KOH.     Neutralisation  value  =  206. 
C16H32O2  requires  C  =  75-0;  H  =  12-5  per  cent. 

Neutralisation  value  =  219-1. 

Ci8H3g02  requires  C  =  76-l;  H  =  12-7  per  cent. 

Neutralisation  value=  197-5, 

These  results  indicate  that  the  solid  acids  consisted  of  a  mixture 
of  palmitic  and  stearic  acids  in  about  equal  proportions. 

Ethereal  Extract  of  the  Resin. 

During  the  extraction  of  the  resin  with  ether  a  quantity  of  a 
sparingly  soluble,  yellowish-brown  substance  was  deposited,  and 
when  the  extraction  was  complete  this  was  collected,  washed  with 
ether,  and  dried,  when  it  was  found  to  weigh  5  grams.  It  was 
entirely  amorphous,  and  proved  to  be  similar  in  character  to  the 
product  extracted  from  the  original  aqueous  liquid  by  amyl  alcohol, 
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•which  has  already  been  described.  On  heating  with  aqueous 
sodium  hydroxide,  it  yielded  2^methoxycinnamic  acid,  which  was 
subsequently  obtained  in  larger  amount  from  the  chloroform 
extract  of  the  resin. 

The  portion  of  extract  which  was  more  readily  soluble  in  ether 
consisted  of  a  dark  resinous  mass,  amounting  to  95  grams.  It 
was  thoroughly  examined,  but  nothing  except  a  small  quantity  of 
3 :  4-dimethoxycinnamic  acid  could  be  isolated  from  it. 

Chloroform  Extract  of  the  Resin. 

This  was  a  dark-coloured  resinous  mass,  weighing  135  grams.  It 
could  easily  be  reduced  to  a  fine  powder,  which  was  tasteless.  The 
chloroform  solution  of  the  resin  was  shaken  with  aqueous  ammonium 
carbonate,  when  a  small  quantity  of  3 :  4-dimethoxycinnamic  acid 
was  removed.  The  liquid  was  then  shaken  with  a  solution  of 
sodium  carbonate,  but  only  a  small  amount  of  a  resinous  product 
was  obtained. 

Isolation  of  ^-Methoxycinnamic  Acid,  OMe'CgH^'CHICH'COoH. 

After  treating  the  chloroform  liquid  with  the  alkaline  carbonates, 
as  above  described,  it  was  shaken  with  successive  portions  of  a 
10  per  cent,  solution  of  sodium  hydroxide.  These  liquids  were 
united  and  acidified,  when  a  large  quantity  of  a  black,  resinous 
product  was  precipitated.  This  resinous  product  was  then  treated 
with  chloroform,  in  which  it  only  partly  dissolved.  The  chloroform 
solution  was  shaken  with  aqueous  sodium  carbonate,  and  the 
alkaline  liquid  acidified,  when  a  crystalline  precipitate  was  obtained. 
It  was  thus  evident  that  on  shaking  the  original  chloroform  liquid 
with  alkali  hydroxide,  some  constituent  of  it  had  been  hydrolysed. 
The  crj'stalline  precipitate  was  collected,  washed,  and  dried,  when 
it  amounted  to  14  grams.  By  fractional  crystallisation  from  ethyl 
acetate,  it  was  fovmd  to  consist  of  a  mixture  of  3 :  4-dimethoxy- 
cinnamic acid  and  an  acid  which  separated  in  iridescent,  prismatic 
needles.  The  latter  melted  at  170°,  assuming  a  "  liquid-crystalline  " 
phase,  which  persisted  until  the  temperature  of  181 — 182°  was 
reached,  when  it  passed  into  the  ordinary  liquid  state.  The 
"crystalline"  character  of  the  liquid  between  170°  and  181°  was 
confirmed  by  observing  it  through  crossed  Nicol's  prisms.  The  lastr 
mentioned  acid  was  analysed.  (Found,  C  =  67-3;  H  =  5-8; 
OMe=17-3.     Calc,  0  =  674;  H  =  5-6;  OMo  =  17-4  per  cent) 

In  order  further  to  characterise  this  acid,  its  methyl  ester  was 
prepared.  This  was  accomplished  by  boiling  a  solution  of  the  acid 
>n  methyl  alcohol  with  a  few  drops  of  concentrated  sulphuric  acid 
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for  about  two  hours  on  the  water-bath.  The  product  so  obtained 
was  recrystallised  from  absolute  alcohol,  when  it  separated  in  flat 
needles,  melting  at  88 — 90°. 

The  above  results  render  it  evident  that  the  substance  under 
examination  was  ^'-methoxycinnamic  acid,  which  appears  only  once 
previously  to  have  been  observed  to  occur  in  nature.  In  the  form 
of  its  ethyl  ester,  it  was  found  by  van  Romburgh  to  be  the  chief 
constituent  of  the  essential  oil  of  Kaemfferia  galanga,  Linne  (Proc. 
K.  Alad.  Wetensch.  Amsterdam,  1900,  3,  38;  1902,  4,  618; 
Schimmel's  Bericht,  Oct.,  1900,  p.  37,  and  April,  1903,  p.  38). 

As  it  appears  not  to  have  previously  been  recorded  that 
2J-methoxycinnamic  acid  shows,  on  heating,  a  "  liquid-crystalline  " 
phase,  it  was  deemed  desirable  to  confirm  this  observation  by  means 
of  the  synthetically  prepared  acid.  For  this  purpose  a  small 
quantity  of  ^'-coumaric  acid  was  methylated  by  means  of  methyl 
sulphate,  and  the  product  recrystallised  from  ethjd  acetate,  when 
it  separated  in  prismatic  needles,  melting  to  the  "  liquid-crystalline  " 
phase  at  170°,  and  then  passing  to  the  ordinary  liquid  state  at 
181 — 182°.  A  mixture  of  the  naturally-occurring  and  synthetic 
acids  likewise  showed  exactly  the  same  behaviour  at  the  same  tem- 
peratures, and  their  identity  was  therefore  definitely  established. 

The  chloroform  liquid  from  which  the  above  acids  had  been 
isolated  was  finally  evaporated  for  the  removal  of  the  solvent.  A 
resinous  product  was  thus  obtained,  from  which,  however,  nothing 
crystalline  could  be  isolated. 

Ethyl  Acetate  and  Alcohol  Extracts  of  the  Resin. 

These  extracts  were  dark,  resinous  products,  amounting  to  775 
and  32"0  grams  respectively.  They  were  heated  with  a  5  per  cent, 
solution  of  sulphujric  acid  in  aqueous  alcohol,  but,  with  the  exception 
of  a  small  quantity  of  sugar  yielding  c?-phenylglucosazone  (m.  p. 
209 — 210°),  nothing  definite  was  obtained. 

Summary. 

The  results  of  the  present  investigation  may  be  summarised  as 
follows : 

The  material  employed  was  commercial  "  leptandra,"  consisting 
of  the  rhizome  and  roots  of  Veronica  virginica,  Linne  (Leptandra 
virginica,  Nuttall). 

An  alcoholic  extract  of  this  material,  when  distilled  with  steam, 
yielded  an  amount  of  essential  oil  equivalent  to  0"16  per  cent,  of 
the  weight  of  the  drug.  This  essential  oil  was  a  dark  brown  liquid, 
which  distilled  between  120°  and  160°/ 25  mm. 
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The  portion  of  the  extract  which  was  soluble  in  water  contained 
3 :  4-dimethoxycinnamic  acid,  a  quantity  of  mannitol,  amounting  to 
2  14  per  cent,  of  the  weight  of  the  drug,  and  a  sugar  which  yielded 
c?-phenylglucosazone  (m.  p.  209 — 211°),  together  with  some  tannic 
and  colouring  matter.  It  yielded,  furthermore,  a  quantity  of  a 
brown,  amorphous  product,  which  possessed  an  intensely  bitter, 
nauseous  taste,  and  amounted  to  1'6  per  cent,  of  the  weight  of  the 
drug.  By  the  hydrolysis  of  this  product  there,  were  obtained, 
besides  resinous  material,  cinnamic  and  p-methoxycinnamic  acids. 

The  portion  of  the  extract  which  was  insoluble  in  water  consisted 
chiefly  of  a  dark  brown  resin,  which  amounted  to  6'2  per  cent,  of 
the  weight  of  the  drug.  From  this  resin  the  following  substances 
were  obtained:  A  phytosterol,  CoyH^gO  (m.  p.  135 — 136°; 
Wd  —  33"0°),  which  it  is  proposed  to  designate  verosterol;  a  mix- 
ture of  fatty  acids,  consisting  apparently  of  oleic,  linolic,  palmitic, 
and  stearic  acids;  j>-methoxycinnamic  acid,  which  was  present  in 
the  form  of  an  ester ;  and  a  very  small  amount  of  3 :  4-dimethoxy- 
cinnamic acid,  which  had  probably  been  occluded  by  the  resin. 

It  has  been  observed  that  ^Mnethoxycinnamic  acid,  when  melted, 
passes  into  a  "  liquid-crystalline "  phase,  which  persists  until  a 
temperature  of  181 — 182°  is  reached. 

It  has  not  been  possible  to  confirm  the  statement  recorded  in 
the  literature  that  "  leptandra "  contains  a  crystalline,  bitter 
glucoside,  designated  as  "  leptandrin,"  to  which  its  activity  may 
be  attributed,  Steinmann  {Amer.  J.  Pharm.,  1887,  59,  229) 
obtained  from  "  leptandra,"  in  an  amount  of  about  0"1  per  cent., 
a  crystalline,  yellow  substance,  which  possessed  a  very  bitter  taste, 
and  was  found  not  to  be  a  glucoside,  although  it  was  not  further 
f  haracterised.  From  the  method  by  which  this  substance  was 
-olated,  it  appears  highly  probable  that  it  consisted  of  3 :  4-di- 
methoxycinnamic acid,  contaminated  with  a  little  of  the  above- 
mentioned,  bitter,  amorphous  product.  The  fact  that  an  aqueous 
solution  of  this  product  froths  strongly  on  agitation  has  doubtless 
led  to  the  statement  recorded  in  the  literature  that  "  leptandra  " 
contains  saponin. 

Some  tests  with  preparations  of  "  leptandra,"  which  were  kindly 
conducted  for  us  by  Dr.  H.  H.  Dale,  Director  of  the  Wellcome 
Physiological  Research  Laboratories,  led  to  the  following  conclusions. 

Both  the  crude  resin  and  the  bitter,  amorphous  product  obtained 
from  the  portion  of  the  alcoholic  extract  which  was  soluble  in  water 
were  administered  by  the  mouth  to  dogs,  in  doses  of  1  gram  each, 
but  without  any  visible  effect.  The  bitter,  amorphous  product  was 
also  tested  on  the  mammal  by  intravenous  injection,  and  on  the 
isolated  mammalian  heart,   but  no   characteristic  action  could   be 
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observed.  Although  the  total  alcoholic  extract  of  the  drug,  when 
given  to  a  dog  in  iJoses  of  5  grams,  produced  vomiting,  this  may 
be  attributed  to  its  nauseous  taste  and  irritant  effect  on  the  stomach 
rather  than  to  any  specific  action. 

The  Wellcome  Chemical  Research  Laboratories, 
London,  E.G. 


CCVII. — Aromatic    Antimony     Compounds.      Part     I.   ■: 
The  Oxidation  and  Nitration  of  Triphenylstibine. 

By  Percy  May. 

Various  aromatic  derivatives  of  antimony  of  the  type  RgSb  and 
RsSbXg,  in  which  R  represents  phenyl,  tolyl,  anisyl,  etc.,  and  X 
represents  CI,  Br,  NO3,  or  OH,  have  been  prepared  by  Michaelis 
and  his  pupils  (Michaelis  and  Reese,  Annalen,  1886,  233,  52; 
Michaelis  and  Genzken,  Annalen,  1887,  242, 176;  Loloff,  Ber.,  1897, 
30,  2834),  but  nevertheless  far  less  work  has  been  carried  out  with 
these  compounds  than  with  the  corresponding  derivatives  of  arsenic. 
Michaelis  and  Reese  showed  that  the  compound  (CgH5)3Sb(OH)2  is 
amphoteric  in  character,  and  it  therefore  appeared  to  be  of  interest 
to  observe  the  effect  of  the  introduction  of  a  nitro-group  on  the 
relative  stability  of  the  various  compounds,  such  as  RgSbClg, 
R3Sb(OH)2,  R3Sb(N03)2.  Michaelis  and  Reese  prepared  the  com- 
pound (CgH5)3Sb(N03)2  by  the  action  of  nitric  acid  on  triphenyl- 
stibine, but  if,  at  the  same  time,  a  nitro-group  could  be  introduced 
into  the  benzene  nuclei,  the  basicity  of  the  compound  R3Sb(OH)2 
might  be  so  depressed  that  a  nitrate  such  as  R3Sb(N03)2  could  no 
longer  be  formed,  and  the  resulting  compound  might  be  of  the  type 
R3Sb(N03)(OH). 

On  nitration,  triphenylstibine  yields  trinitrot ripheni/Istibine  di- 
hydroxide,  (CeH4*N02)3Sb(On)2.  It  does  not  appear  to  be  capable 
of  forming  a  stable  sulphate  or  nitrate,  but  a  chloride  has  been 
prepared,  and  it  therefore  appeared  to  be  desirable  to  obtain  some 
further  information  as  to  the  relative  stability  of  the  parent 
substance,  (C6Hr,)3Sb(OH)2,  and  its  salts,  and,  if  possible,  to  prepare 
the  hitherto  unknown  normal  sulphate,  (C6H5)3SbS04.  Triphenyl- 
stibine readily  reduces  concentrated  sulphuric  acid,  with  the 
formation  of  the  desired  sulphate,  thus : 

(C6H5)3Sb  +  2H2SO4  =  (C6H5)3SbS04  +  SO2  +  2H2O, 
and  this  compound  could  also  be  obtained  by  dissolving  the  corre- 
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sponding  hydroxide  in  concentrated  sulphuric  acid.  Dilute 
sulphuric  acid  does  not  attack  triphenylstibine,  but  permanganate 
and  dilute  sulphuric  acid  oxidise  it  to  the  hydroxide, 
(CgH5)3Sb(OH)2.  This  reaction  is  of  interest  from  a  twofold  point 
of  view.  On  the  one  hand,  it  indicates  that  the  sulphate  is  far  less 
stable  than  the  chloride,*  and,  on  the  other  hand,  it  affords  fresh 
evidence  of  the  great  stability  of  the  molecule  of  triphenylstibine 
as  a  whole.  If  alkaline  permanganate  be  used  as  the  oxidising 
agent,  a  better  yield  of  the  dihydroxide  is  obtained.  Michaelis  and 
Reese  state  that  solutions  of  this  substance  in  alkali  are  repre- 
cipitated  by  mineral  acids,  but  on  repeating  these  experiments  it 
was  found  that  dilute  nitric  or  sulphuric  acids  produced  no 
precipitate,  whilst  hydrochloric  acid  caused  precipitation  even  in 
very  dilute  solutions.  Probably  the  experiments  of  Michaelis  and 
Reese  were  confined  to  halogen  acids.  Similarly,  solutions  of  tri- 
phenylstibine sulphate  and  nitrate  in  the  corresponding  con- 
centrated acids  can  be  diluted  indefinitely,  although  these  substances 
themselves  are  insoluble  in  dilute  acids,  but,  on  addition  of  dilute 
hydrochloric  acid  to  their  dilute  solutions,  an  immediate  precipitate 
of  the  chloride  is  obtained. 

The  introduction  of  a  nitro-group  into  the  benzene  nuclei  of  the 
complex  R3Sb(OH)2  not  only  reduces  the  salt-forming  power  of 
the  molecule,  but  also  lowers  its  stability  as  a  whole.  This  is 
shown  by  the  fact  that  the  trinitro-derivative  is  partly  decomposed 
when  boiled  with  aqueous  alkali,  yielding  a  small  quantity  of 
nitrobenzene. 

Experimental. 

The  triphenylstibine  us6d  in  this  investigation  was  prepared  by 
Michaelis  and  Reese's  method,  shortened  and  simplified  in  some  of 
its  details,  t  The  long  method  of  purification  after  extraction  with 
alcoholic  hydrochloric  acid,  described  by  these  authors,  was  omitted, 
the  product  being  instead  directly  recrystallised  from  light 
petroleum.  Pure  triphenylstibine  was  thus  obtained,  the  yield 
being  70  per  cent,  of  the  theoretical.  The  material  contained  in 
the  petroleum  mother  liquor  was  converted  into  the  dichloride, 
■which,  after  recrystallisation,  was  still  contaminated  with  traces  of 
an  impurity  having  an  extremely  irritant  action  on  the  mucous 
membrane.  This  was  finally  removed  by  dissolving  the  product  in 
oncontrated  sulphuric  acid,  pouring  the  product  into  aqueous 
alcohol,  and  setting  aside  to  crystallise. 

Triphenylstibine   hydroxide  combines   readily  with  dilute  hydrochloric  acid, 
■rming  the  dichloride. 
t  A  stock  solution  of  dry  antimony  chloride  in  dry  benzene,  made  up  for  these 
prejiaratious,  gradually  ucc^uired  a  deep  magenta  colour  even  in  the  dark. 
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Nitration  of  Tripheni/lstibine  and  Preparation  of  Trinitrophenyl- 
stihine  Dihydroxide,    (C6H4'N02)3Sb(OH)2. 

Triphenylstibine  was  added,  in  small  quantities  at  a  time,  to  an 
excess  of  a  mixture  of  three  parts  of  sulphuric  acid  and  one  part 
of  nitric  acid,  at  about  40°.  When  cold,  the  mixture  was  poured 
into  ice-water,  the  temperature  being  kept  below  25°.  The 
yellow  precipitate  thus  obtained  was  recrystallised  from  glacial 
acetic  acid,  in  which  it  is  very  soluble,  and  separates  in  flat, 
transparent,  pale  yellow  crystals,  melting  at  190 — 191°.  It  is  also 
soluble  to  some  extent  in  alcohol  or  ether,  but  does  not  crystallise 
well  from  these  solvents.  It  is  insoluble  in  water,  and  almost 
insoluble  in  benzene,  light  petroleum,  etc. : 

Found,  0  =  41-74;  H  =  2-91;  N  =  7-79,  7-91;  Sb  =  22-06. 
CigHiA^^aSb  requires  C  =  41-5;   H  =  2-72;  N  =  8-07; 
Sb  =  23'll  per  cent. 

On  treatment  with  Devarda's  alloy  no  ammonia  is  evolved. 
When  boiled  with  glacial  acetic  acid  and  zinc  dust,  or  with  alcohol, 
hydrochloric  acid,  and  tin,  it  yields  an  easily  diazotisable  amine, 
which  was  not  further  investigated,  as  work  on  this  compound  is 
being  carried  out  by  Morgan,  Micklethwait,  and  Whitby  (Proc., 
1910,  26,  151). 

Trinitrophenylstihine   Bichloride,   (C6H^*N02)3SbCl2. 

This  compound  is  formed,  together  with  the  hydroxy-chloride,  by 
boiling  trinitrophenylstihine  dihydroxide  with  alcoholic  hydro- 
chloric acid.  After  recrystallising,  the  product  still  appeared  to 
be  impure,  and  analysis  indicated  that  it  was  a  mixture  of  the 
dichloride  and  the  hydroxy-chloride.  The  pure  dichloride  was 
obtained  by  the  direct  nitration  of  triphenylstibine  dichloride, 
which  was  dissolved  in  concentrated  sulphuric  acid,  and  then 
nitrated  in  the  same  manner  as  triphenylstibine.  It  separates 
from  glacial  acetic  acid  in  clusters  of  small  crystals,  melting  at 
157°,  which  are  readily  soluble  in  concentrated  nitric  acid  or  glacial 
acetic  acid.  As  this  substance  was  only  obtained  in  small  amount, 
its  properties  were  not  further  investigated. 

Found,  01  =  12-37. 

OigHjaOcNaOlgSb  requires  01=12-73  per  cent. 

Triphenylstibine  Sulphate,   (OcH5)3SbS04. 

Five  grams  of  triphenylstibine  were  warmed  with  an  excess  of 
concentrated  sulphuric  acid  on  the  water-bath.  A  vigorous  reaction 
suddenly  set  in,  sulphur  dioxide  being  evolved,  and  a  white  pre- 
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f  cipitate  formed,  which  was  filtered  on  asbestos,  and  washed  with 
cold  alcohol,  a  portion  being  afterwards  extracted  with  this  solvent, 
in  which  it  is  only  very  sparingly  soluble.  Small  crystals  were  thus 
obtained,  and  similar  crystals  separated  on  evaporation  of  the 
mother  liquor  after  dilution  with  water.  These  crystals  melt  above 
300°,  and  are  soluble  in  concentrated  sulphuric  acid,  very  sparingly 
so  in  alcohol,  and  insoluble  in  water,  dilute  sulphuric  acid,  and  most 
other  solvents.  The  substance  is  decomposed  by  warming  with 
aqueous  sodium  hydroxide,  forming  sodium  sulphate  and  triphenyl- 
stibine  hydroxide,  the  latter  dissolving  in  the  excess  of  alkali : 

Found,  S  =  7-30. 

CjgHjjO^SSb  requires  S  =  7"17  per  cent. 

A  solution  of  the  sulphate  in  sulphuric  acid  may  also  be  obtained 
by  dissolving  triphenylstibine  hydroxide  in  the  concentrated  acid, 
and  this  solution,  as  also  the  sulphuric  acid  mother  liquor  mentioned 
above,  can  be  largely  diluted  without  any  precipitation  occurring, 
but  on  adding  a  drop  of  hydrochloric  acid  to  solutions  of  any 
concentration,  a  precipitate  is  formed,  which,  after  recrystallisation 
from  alcohol,  was  found  to  have  the  characteristic  crystalline  form 
and  melting  point  of  triphenylstibine  dichloride. 

Oxidation  of  Triphtnylstihine  with  Permanganate. 

^  (1)  In  Alkaline  Solution. — Triphenylstibine  was  boiled  for  three 
hours  with  alkaline  permanganate,  the  manganese  dioxide  removed, 
and  a  portion  of  the  filtrate  acidified  with  hydrochloric  acid.  A 
white  precipitate  was  produced,  which  was  recrystallised  from  alcohol 
and  found  to  be  triphenylstibine  dichloride.  Another  portion  of 
the  filtrate  was  acidified  with  dilute  sulphuric  acid,  and  in  this 
case  no  precipitate  was  formed.  Evidently  the  first  product  of 
the  oxidation  is  triphenylstibine  hydroxide,  which  dissolves  in  the 
alkali,  giving  solutions  from  which  hydrochloric  acid  precipitates 
the  chloride,  but  which  are  not  precipitated  by  sulphuric  or  nitric 
acids. 

(2)  In  Acid  Solution. — Five  grams  of  triphenylstibine  were 
warmed  on  the  water-bath  with  an  excess  of  1  per  cent,  per- 
manganate and  dilute  sulphuric  acid.  The  permanganate  was 
graflually  decolorised  with  a  slight  evolution  of  carbon  dioxide; 
more  permanganate  was  added  from  time  to  time,  and  finally  the 
precipitate  was  collected  and  extracted  with  alcohol.  In  this  way, 
a  small  quantity  of  a  substance  was  obtained  which  melted  at 
210°,  contained  no  sulphur,  and  appeared  to  be  identical  with 
triphenylstibine  hydroxide,  as  prepared  by  Michaelis  and  Reese. 
This  substance  was  obtained  by  them  in  the  form  of  an  amorphous 
powder,  but  a  modification  of  their  method  of  preparation  led  to 
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its  being  obtained  in  a  well-crystallised  state.  An  alcoholic  solution 
of  triphenylstibine  dichloride  was  added  to  an  equal  volume  of 
2iy-aqueous  sodium  hydroxide,  and  the  mixture  set  aside.  After 
some  days,  triphenylstibine  hydroxide  crystallised  out  in  beautiful 
leaflets,  which  were  washed  with  water  and  dried.  The  product 
was  then  found  to  melt  at  210°,  and  resembled  the  product 
obtained  by  MichaeKs  and  Reese  in  its  behaviour  towards  reagents. 

I  wish  to  express  my  thanks  to  Sir  William  Ramsay  and  to 
Professor  Collie  for  the  interest  they  have  taken  in  this  work,  and 
to  the  Research  Fund  Committee  of  the  Chemical  Society  for  a 
grant  towards  the  expenses  thereof. 

University  College, 
London. 


CCVIII. — Tlie  Foj^mation  of    Tolcme   Derivatives  from 
'p-Chlorotoluene  and  3  :  A-Dichloi'otoluene. 

By  James  Kennek  and  Ernest  Witham. 

As  is  well  known,  the  chlorination  of  toluene  at  its  boiling  point 
leads  to  the  formation  of  benzotrichloride.  On  one  occasion,  how- 
ever, Liebermann  and  Homeyer  (Ber.,  1879,  12,  1971),  and  later 
Gattermann  {Bei:,  1884,  17,  2601),  observed  the  formation  of  a 
solid  substance  as  chief  product  during  this  reaction,  and  identified 
it  as  tolane  tetrachloride,  which  had  previously  been  obtained  by 
Zinin  by  the  action  of  phosphorus  pentachloride  on  benzil. 

During  the  preparation  of  chlorobenzylidene  chlorides  from 
2^chlorotoluene  and  3 :  4-dichlorotoluene,  Armstrong  and  Wynne 
similarly  obtained  products  which  were  identified  as  di-  and  tetra- 
chloro-tolane  tetrachlorides.  The  present  authors  have  also  had 
the  same  experience  in  preparing  ^chlorobenzotrichloride  from 
p-chlorotoluene,  but,  in  common  with  earlier  investigators  of  this 
reaction,  they  have  failed  to  find  a  clue  to  the  conditions  which 
lead  to  the  formation  of  the  tolane  derivative. 

Liebermann  and  Homeyer  (loc.  cit.),  it  is  true,  attributed  the 
condensation  to  sulphuric  acid  which  had  been  carried  over  into  the 
mixture,  but  in  the  case  of  the  authors'  experiments  such  an 
explanation  is  improbable,  as  the  gas,  after  -Being  passed  through 
sulphuric  acid,  was  led  through  a  tube  packed  with  asbestos,  and, 
moreover,  the  introduction  of  sulphuric  acid  into  the  boiling 
chlorotoluene  has  not  been  found  to  initiate  the  condensation. 

This  is  the  moro  unfortunate  as  the  only  other  general  method 
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of  preparing  tolane  tetrachloride  and  its  derivatives  is  that  used 
first  by  Hanhart  (Ber.,  1882,  15,  899),  which  consists  in  the  removal 
of  chlorine  from  benzotrichloride  by  the  action  of  copper  powder, 
and  does  not  give  satisfactory  results,  either  as  regards  yield  or 
purity  of  product.  Hanhart,  apparently  unable  to  isolate  any 
definite  substance  from  the  tarry  product,  had  recourse  to  dis- 
tillation, and  obtained  the  two  forms  of  tolane  dichloride,  now 
recognised  as  the  stereoisomerides : 

an.-cci  ,       aH.-cci 

^    5,1  and  ^    ^11 

CgH,-CCl  CIC-C.F^  • 

Onufrowicz  {Ber.,  1884,  17,  833),  who  succeeded  in  isolating  the 
tetrachloride,  showed  at  the  same  time  that  it  could  be  converted 
into  c/s-tolane  dichloride  by  distillation,  thus  explaining  Hanhart's 
result. 

Lat«r,  Fox  {Ber.,  1893,  26,  653),  without  reference  to  Onufrowicz's 
paper,  carried  out  the  same  reaction  with  o-chlorobenzotrichloride, 
and  distilled  the  product,  obtaining  the  cis-  and  trans-2  :  2'-dichloro- 
tolane  dichlorides.  The  authors  have  repeated  Fox's  work  in  the 
hope  of  separating  the  tetrachloride,  but  have  been  unable  to  find 
any  evidence  of  its  production,  and,  as  recorded  on  p.  1966, 
succeeded,  as  he  did,  in  isolating  only  the  dichlorides. 

As  j^-chlorobenzotrichloride,  unlike  the  o-derivative,  forms  the 
tetrachloride,  which  can  be  isolated  without  difficulty,  the  oppor- 
tunity was  taken  of  testing  the  applicability  of  the  decomposition 
observed  by  Onufrowicz  to  substituted  tolane  tetrachlorides.  As 
was  expected,  4 :  4'-dichlorotolane  tetrachloride,  when  distilled, 
behaves  in  a  precisely  similar  manner  to  tolane  tetrachloride,  and 
yields  the  ciVform  of  the  dichloride. 

Further,  the  tetrachloride  was  submitted  to  reduction,  and  results 
of  some  interest  were  obtained.  Zinin  {Ber.,  1871,  4,  289)  showed 
that  the  action  of  zinc  on  alcoholic  solutions  of  tolane  tetrachloride 
led  to  the  formation  of  the  stereoisomeric  dichlorides.  Liebermann 
and  Homeyer  {Ber.,  1879,  12,  1971)  used  zinc  dust  in  place  of 
zinc,  and  obtained  the  same  products,  whilst  Lachowicz  {Ber.,  1884, 
17,  1165)  subsequently  arrived  at  the  same  result  by  reducing  a 
boiling  concentrated  acetic  acid  solution  with  iron  filings. 
Wislicenus  and  Blank  {AnnaJen,  1888,  248,  1)  repeated  Zinin's 
work,  and  Eiloart  {Amer.  Chem.  J.,  1890,  12,  239),  who  studied 
the  two  dichlorides  from  the  stereochemical  point  of  view,  upheld 
the  opinion  already  expressed  by  Wislicenus  {loc.  ci't.),  that  the 
less  soluble  isomeride,  with  the  higher  melting  point,  was  the  cis- 
form,  although  it  may  be  remarked  that  this  is  contrary  to  the 
usual  rule. 

VOL.    XCVil.  6   N 
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The  reduction  products  obtained  from  4 :  4'-dichlorotolane  tetra- 
chloride in  alcoholic  solution  by  means  of  zinc  dust  vary  according 
to  the  temperature  employed.  If  conducted  at  50°,  the  products 
are  the  two  4 :  4'-dichlorotolane  dichlorides,  which  respectively 
melt  at  166 — 167°  and  86 — 87°,  and,  in  addition,  4:  4'-dichloro- 
tolane;  but  if  carried  out  at  the  boiling  point  of  the  alcoholic 
solution,  the  isomeride  melting  at  166 — 167°  can  no  longer  be  found, 
the  reduction  products  being  the  dichloride  of  lower  melting  point 
and  4 :  4'-dichlorotolane. 

If  the  conclusions  drawn  by  Wislicenus  and  Blank  respecting 
the  cis-  and  trans-iaomevism  of  the  tolane  dichlorides  can  be  accepted, 
then  it  will  follow  by  analogy  that  the  dichlorotolane  dichloride, 
melting  at  166 — 167°,  will  be  the  czs-form.  The  entire  absence  of 
this  isomeride  from  the  reduction  product  obtained  by  working  at 
the  higher  temperature,  and  the  evidence  that,  unlike  the  dichloride 
(m.  p.  86 — 87°),  it  is  readily  reduced  may  perhaps  be  regarded  as 
supporting  this  view. 

As  already  mentioned,  tolane  tetrachloride  was  originally 
obtained  by  Zinin  by  the  action  of  phosphorus  pentachloride  on 
benzil,  and  this  would  doubtless  provide  a  general  method  of  pre- 
paration were  it  not  that,  as  is  well  known,  the  isolation  of  the 
benzoins  which  should  furnish  the  benzils  on  oxidation  has  been 
accomplished  only  in  a  few  instances.  Especially  is  this  the  case 
where  negatively  substituted  aldehydes  are  submitted  to  the  benzoin 
reaction.  The  authors  hoped  to  use  o-chlorobenzaldehyde  as  the 
starting  point  for  the  preparation  of  the  2  :  2'-dichlorotolane  tetra- 
chloride, which  could  not  be  isolated  in  the  experiments  already 
mentioned,  but  found  that  when  the  benzoin  condensation  was 
attempted,  o-chlorobenzoic  acid  was  the  chief  product.  Greater 
success  attended  experiments  with  ^'"chlorobenzaldehyde,  for 
although  the  product  of  the  benzoin  condensation  was  a  resinous 
mass  from  which  the  pure  substance  could  not  be  isolated,  oxidation 
with  nitric  acid  led  to  the  production  of  the  4 :  4'-dichlorobenzil, 
identical  with  the  substance  obtained  by  hydrolysing  4 :  4'-dicliloro- 
tolane  tetrachloride  with  acetic  acid  by  Liebermann  and  Homeyer's 
method. 

It  has  not  hitherto  been  possible  to  apply  the  reaction  to  the 
preparation  of  2 :  2'-dichlorobenzil,  because  the  attempt  to  prepare 
2 :  2 '-dichlorotolane  tetrachloride  by  the  chlorination  of  the  cis- 
dichloride  merely  led  to  the  conversion  of  the  greater  part  into  the 
more  stable  trans-iorm.  Chlorine  is  known  to  be  a  particularly 
effective  agent  for  the  interconversion  of  stereoisomerides. 
Liebermann  and  Homeyer  (loc.  cit.)  confirmed  Limpricht's  statement! 
that  the  tolane  dichlorides  were  stable  towards  acetic  acid,  and  the] 
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present  authors  found  the  same  to  hold  good  for  the  2 :  2^-dichloro- 

tolane  dichlorides. 

Experimental.* 

Armstrong  and  Wynne  (private  communication),  in  the  pre- 
paration of  p-chlorobenzylidene  chloride  from  ^chlorotoluene, 
employed  chlorine  prepared  from  manganese  dioxide  and  hydro- 
chloric acid,  washed  by  passage  through  water,  and  dried  over 
sulphuric  acid.  For  each  of  seven  operations,  126  grams  of  2>-chloro- 
toluene  were  used,  and  it  was  found  that  in  the  first  two  only  a 
very  small  quantity,  but  in  the  last  five,  considerable  amounts,  of 
4 :  4'-dichlorotolane  tetrachloride  separated  in  a  crystalline  form 
on  cooling.  The  rate  at  which  the  chlorine  was  absorbed  did  not 
seem  to  influence  the  tolane  condensation :  thus,  in  the  first  two 
and  the  last  two  operations  the  figures  for  increase  in  weight  due  to 
chlorination  and,  in  brackets,  the  duration  in  hours  were  74  (16), 
71  (15),  70  (14),  67  (16) — the  calculated  increase  in  w^ght  being 
69  grams. 

The  present  authors  have  used  liquid  chlorine  obtained  from 
Kahlbaum  as  the  source  of  the  gas,  and  have  passed  the  chlorine 
through  sulphuric  acid  (to  allow  of  the  rate  being  checked)  and 
asbestos  wool  before  introducing  it  into  the  boiling  y-chlorotoluene. 
With  one  exception  they  have  been  unsuccessful  in  obtaining 
the  4 :  4'-dichlorotolane  tetrachloride.  Throughout,  they  have 
chlorinated  to  the  stage  of  jj-chlorobenzotrichloride,  and  the  usual 
daily  increase  in  weight  was  15  grams,  but  on  the  one  occasion 
when  the  tetrachloride  was  formed,  44  grams  on  the  first  day,  and 
22  on  the  second,  were  taken  up.  The  yield  of  the  tetrachloride 
from  100  grams  of  p-chlorotoluene  was  44  grams,  and  the  mother 
liquor  consisted  of  ^^-chlorobenzotrichloride.  All  attempts  to  repeat 
the  conditions  leading  to  the  formation  of  the  tolane  derivative 
have  been  unsuccessful. 

4:  A'  -  Dirhlorotolane  tetrachloride,  Cell^Cl-CCVCCU-CeH^Cl, 
crystallises  from  chloroform  in  thin,  well-defined,  flat  plates.  It 
melts  at  190°,  and  dissolves  only  sparingly  in  alcohol,  but  readily 
in  chloroform,  benzene,  or  light  petroleum : 

(P)  0-5923  gave  0-9367  CO.,  and  01212  H.>0.  C  =  43-13;  H  =  2-27. 
0-327      „      0-7216  AgCl.     Cl  =  54-58." 
CnHgClfi  requires  C  =  4319;  H  =  2-06 ;  01  =  5475  per  cent. 

The  study  of  4  : 4'-dichlorotolanc  tetrachloride  wiW  begnn  l»y  Mr.  S.  Parrish, 
•!  ^>i-.,  at  the  Royal  College  of  Science.  He  examined  its  reduction  products, 
obtaining  the  ris-  and  Irans-i  :  4'-dichlorotolaue  dichlorides,  and  prepared  from  it 
4  : 4'-dichlorobenzil  and  the  corresponding  hydrazone.  Unfortunately,  he  wa» 
unable  to  complete  the  work,  and  the  investigation  has  been  taken  up  afresh  by  the 
presf-nt  authors.  Analyses  prefixed  by  the  letter  P  were  made  by  Mr.  Parrish.— 
W.  p.  W. 

6  N   2 
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3  :  4  :  3' :  i'-Tetrachlorotolane  tetrachloride, 

(_/gM3C'l2*CCl2'CCl2*CgH3Cl9, 

is  formed  when  3:  4-dichIorotoluene  is  chlorinated  to  the  stage  of 
3 :  4-dichlorobenzylidene  chloride  under  conditions  such  that 
sulphuric  acid  used  as  drying  agent  could  not  be  carried  forward 
mechanically  (Armstrong  and  Wynne,  inivate  communication). 
The  tetrachloride  in  this  case  did  not  separate  on  cooling,  but  was 
isolated  by  extraction  with  chloroform  from  the  semi-solid  residue 
left  after  fractionation  of  the  3 :  4-dichlorobenzylidene  chloride 
(b.  p.  274 — 275°).  It  crystallises  from  chloroform  in  small,  diamond- 
shaped  plates,  which  melt  at  197°: 
0-1214  gave  0-3037  AgCl.     Cl  =  61-88. 

Cj^HgClg  requires  CI  =  61-97  per  cent. 

4  :  i'-Dichlorotolane     Tetrachloride   from       ip-Chlorobenzotri- 

chloride. 

To  prepare  the  tetrachloride,  2^chlorobenzotrichloride  (40  grams), 
benzene  (60  grams),  and  copper  powder  (30  grams)  were  boiled  in 
a  reflux  apparatus  for  about  six  hours  until  the  reaction  seemed 
to  be  complete.  The  hot  solution,  freed  from  copper  powder  by 
filtration,  deposited  crystals  of  the  tetrachloride  and  of  2^-chloro- 
benzoic  acid,  the  latter  of  which  was  removed  by  extraction  with 
sodium  carbonate  solution.  The  yield  of  tetrachloride  from  207 
grams  of  the  trichloride  amounted  to  110  grams. 

On  crystallisation  from  chloroform,  it  was  obtained  in  plates 
identical  in  appearance,  melting  point  (190°),  and  composition 
(CI  =  54-58  per  cent.)  with  the  product  formed  during  the 
chlorination  of  boiling  p-chlorotoluene. 

When  heated  at  230°,  the  tetrachloride  decomposes  with  the 
elimination  of  hydrogen  chloride,  and  at  a  higher  temperature, 
about  270°,  chlorine  also  can  be  detected  in  the  escaping  gas.  This 
decomposition  was  studied  more  closely  by  distilling  5  grams  of 
the  tetrachloride  under  a  pressure  of  90 — 130  mm.  The  first 
portion  of  the  distillate  was  a  colourless  liquid,  which  passed  over  at 
234°,  but  the  remainder  was  solid,  and,  when  crystallised  from 
acetone,  formed  small,  rhombic  crystals,  which  melted  at  166^ — 167°. 
This  crystalline  compound  was  subsequently  identified  as  cis- 
4  :  M -dichlorotolant  dichloride  (p.  1965)  : 

0192  gave  0-3712  COg  and  0*045  H2O.     0  =  5272;  H  =  2-60. 
C|4HgCl4  requires  C  =  52-85;  H  =  2-54  per  cent. 

Reduction  of  4  :  ^'-Dichlorotolane  Tetrachloride. 
The  reduction  was  carried  out  by  suspending  the  tetrachloride 
(5    grams)    in    boiling   absolute    alcohol    (500    c.c),    and     adding 
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gradually  during  two  days  ziuc  dust  (4  grams)  and  glacial  acetic 
acid  (30  c.c).  The  solution,  freed  from  zinc  dust  by  filtration, 
deposited,  on  cooling,  very  thin,  nacreous  flakes,  amounting  in  all 
to  r5  grams.     On  analysis,  this  proved  to  be  4  :  4'-dichlorotolane. 

Concentration  of  the  alcoholic  filtrate  to  150  c.c.  furnished 
material  amounting  in  all  to  1'2  grams,  which  consisted  of  long, 
slender,  brittle,  prismatic  needles,  and  was  identified  as  trans- 
4 :  4'-dichlorotolane  dichlorfde.  Further  concentration  gave  only 
small,  ill-defined  separations,  mixed  with  zinc  acetate. 

By  carrying  out  the  reduction  at  50°,  instead  of  at  the  boiling 
point,  a  third  substance,  crystallising  in  lustrous,  thin,  diamond- 
shaped  plates,  was  obtained  in  addition  to  the  other  two.  It  was 
identified  as  cisA :  4'-dichlorotolane  dichloride,  but  no  estimate 
could  be  formed  of  the  relative  proportion  of  the  two  isomerides 
in  the  reduction  product. 

cis4  :  A'-Dic/ilorofolane  dichloride,  CeH^Cl-CCKCCl-CgH^Cl,  is  less 
soluble  in  alcohol  than  the  ^ra«s-isomeride.     It  melts  at  166 — 167°: 

(P)  0-1710  gave  0-3087  AgCl.     CI  =  44-66. 

C14H8CI4  requires  CI  =  44-62  per  cent. 

When  reduced  in  boiling  alcoholic  solution  with  zinc  dust  and 
acetic  acid,  it  yields  4 :  4'-dichlorotolane. 

trans-4 :  A'-Dichlorotolane  dichloride  dissolves  readily  in  alcohol, 
and  separates  from  solution  in  characteristic,  prismatic  needles.  It 
melts  at  86 — 87°: 

(P)  0-354  gave  0-6808  COo  and  0-0861  H.O.     C  =  52-45;  H  =  2-70. 
0-3347    „    0-5986  AgCl.     CI  =  44-25." 
Cj^HgCl^  requires  C  =  52-83;  H  =  2-52;  CI  =  44-65  per  cent. 

4:  A'-Dichlorotolane,  CcH^Cl'CiC'CgH^Cl,  is  much  less  soluble  in 
alcohol  than  the  two  dichlorides,  and  appears  to  be  dimorphous,  as 
it  crystallises  from  solution  sometimes  in  nacreous  flakes,  and  some- 
times in  slender  needles.  Usually  it  melts  at  175 — 176°,  but  on 
one  occasion  the  melting  point  first  observed  was  153 — 154°,  which, 
after  solidification  of  the  specimen  and  re-fusion,  rose  to  and 
remained  constant  at  175 — 176°.  On  analysis  of  two  different 
preparations : 

(i)  01626  gave  0-4064  CO,  and  00518  HoO.    0  =  6816;  H  =  3-54. 
(ii)  01710     „     0-4262  CO.3     „    00458  H„6.     0  =  67-97;  H  =  2-97. 
(i)  0-3517     „     0-4080  AgCl.     01  =  2870' 
Oi^HgCU  requires  0  =  6802;  H  =  3-26;  01  =  28- 72  per  cent. 
C^hHioOU        „        0  =  67-47;  H  =  4-05;  01  =  28-48 
These  analyses  point  to  the  tolane  formula,  but  the  production 
of  a  tolane,  rather  tlian  a  stilbene  or  dibenzyl  derivative,  by  reduc- 
tion of  the  dichlorotolane  tetrachloride  seemed  sufficiently  remark- 
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able  to  require  confirmation.  Accordingly,  chlorine  was  passed 
through  a  solution  of  the  compound  in  chloroform  until  no  more 
of  the  gas  was  taken  up,  and,  after  removal  of  the  solvent,  it  was 
found  that  the  product  consisted  of  4 :  4'-dichlorotolane  tetra- 
chloride in  practically  quantitative  amount.  Hence  the  conclusion 
is  drawn  that  the  reduction  product  is,  as  stated,  4 :  4'-dichloro- 
tolane. 

The  formation  of  a  tetrachloride  during  the  preparation  of 
o-chlorobenzotrichloride  from  o-chlorotoluene  was  not  observed,  and 
as  attempts  to  make  2  :  2'-dichlorobenzil,  which  would  have  fui'- 
nished  a  means  of  obtaining  it,  were  unsuccessful,  recourse  was  had 
to  Fox's  process  in  the  hope  that  it  might  be  isolated  from  the 
product  of  the  action  of  cojDper  powder  on  o-chlorobenzotrichloride. 

Treatment  of  o-Chlorobenzotrichloride  with  Cojyper  Powder. 

o-Chlorobenzotrichloride  (20  grams)  was  dissolved  in  benzene 
(30  grams),  and  heated  with  copper  powder  (15  grams)  for  twenty- 
five  hours  in  a  reflux  apparatus.  After  filtration,  repeated 
extraction  of  the  residue  vidth  benzene,  and  removal  of  the  benzene 
by  distillation,  the  residue  was  allowed  to  dry  on  a  porous  plate 
for  a  fortnight. 

In  spite  of  many  attempts  with  different  solvents,  it  was  not 
found  possible  to  extract  from  this  residue  any  substance  other 
than  o-chlorobenzoic  acid  (m.  p.  136°).  As  a  similar  residue  from 
benzotrichloride,  when  heated  at  200°  with  80  per  cent,  acetic  acid, 
gave  a  relatively  large  yield  of  benzil,  a  portion  of  this  viscid 
substance  was  also  heated  with  acetic  acid,  but  furnished  only 
o-chlorobenzoic  acid.  Yet  when  the  part  which  had  not  gone  into 
solution  in  the  acetic  acid  was  dried  and  distilled,  it  gave  both 
CIS-  and  trans-2 :  2'-dichlorotolane  dichlorides.  It  is  difficult  to 
resist  the  conclusion  that  the  tetrachloride  is  not  formed  in  the 
condensation,  or,  if  formed,  suffers  decomposition  into  the 
dichlorides  under  the  conditions  of  the  experiment,  being  less  stable 
than  the  4 :  4'-dichlorotolane  tetrachloride,  which  requires  to  be 
heated  at  above  200°  before  decomposition  into  the  dichloride  takes 
place. 

To  confirm  Fox's  results  (loc.  vit.),  a  portion  of  the  viscid  product 
was  distilled  under  11  mm.  pressure.  Below  210°  the  distillate 
was  colourless,  and  solidified  on  cooling.  By  crystallisation  from 
light  petroleum,  it  was  separated  into  two  portions,  the  one  con- 
sisting of  clusters  of  radiate  needles,  melting  at  136°,  identical 
with  o-chlorobenzoic  acid,  and  the  other  of  prismatic  crystals, 
melting  at  172 — 173°,  which  proved  to  be  cis-2:  2'-dichlorotolan© 
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dichloride  (Cl  =  4473  per  cent.).  The  later  distillate  was  brown, 
and,  after  purification,  consisted  for  the  most  part  of  the  cis- 
dichloride,  whilst  the  residue  in  the  flask,  when  extracted  by  light 
petroleum,  yielded  large,  transparent  rhombs,  melting  at  127 — 128°, 
which  agreed  in  properties  with  the  description  given  of  trans- 
2:  2'-dichlorotolane  dichloride  (Cl  =  44o  per  cent.). 

When  the  cis-2 :  2'-dichlorotolane  dichloride  is  reduced  in  boiling 
alcoholic  solution  with  zinc  dust  and  acetic  acid  under  the  con- 
ditions already  described  for  the  4 :  4'-isomeride,  it  is  converted 
into  2 :  2'-dichlorotolane  (m.  p.  87°).  The  same  substance  is  also 
formed  when  the  dichloride  is  heated  with  copper  powder  at  260°. 

4  :  4i' -Dichlorohenzil. — ^When  4  :  4'-dichlorotolane  tetrachloride  is 
heated  with  glacial  acetic  acid  (40  c.c.)  and  water  (10  c.c.)  at  170° 
for  six  hours,  it  is  converted  into  4 :  4'-dichlorobenzil,  which 
separates  in  the  tube  in  long,  slender,  yellow  needles,  and  when 
recrystallised  from  alcohol  was  found  to  melt  at  193°.  Montague 
{Rec.  trav.  chim.,  1902,  [ii],  21,  19)  gives  the  melting  point  as 
200°: 

(P)  0-3735  gave  0-8162  CO.,  and  0-1039  HoO.     0  =  5960;  H  =  3-09. 

(P)  0-2318     „     0-2305  AgCl.     01  =  25-59". 
Oi^HsO.OU  requires  0  =  6022;  H  =  2-89;  01  =  25-42  per  cent. 

Hantzsch  and  Glover  obtJained  this  compound  from  the  corre- 
sponding benzoin,  which  was  formed  from  ^^-chlorobenzaldehyde  by 
the  benzoin  condensation  (Ber.,  1907,  40,  1519).  The  quantities 
of  materials  used  and  the  exact  conditions  are  not  given  by  them, 
and  it  may  be  of  interest  to  note  that  while  studying  the  benzoin 
condensation  some  years  ago,  Miss  E.  S.  Hooper,  B.Sc,  failed  to 
isolate  the  benzoin  from  this  source,  although  the  product,  when 
oxidised  by  nitric  acid,  gave  a  40  per  cent,  yield  of  4  :  4'-dichloro- 
benzil  (m.  p.  191°),  which  was  identical  with  that  obtained  from 
4 :  4'-dichlorotolane  tetrachloride  (jprivate  communication). 

The  monohydrazone,  OgH4O1-C(:N-NH-C6H5)-C0-C6H401,  crys- 
tallises from  alcohol  in  small,  yellow  prisms,  and  melts  at  178°: 

(P)  00965  gave  64  c.c.  N,  (moist)  at  205°  and  758  mm.  N  =  7-52. 
CjoHj^ONgCU  requires  N  =  7-59  per  cent. 

The  authors  wish  to  express  their  thanks  to  Professor  Wynne, 
who  directed  their  attention  to  this  problem,  and  has  given  them 
much  valuable  assistance  anji  advice  during  its  investigation. 

The  University, 
Sheffield. 
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CClX.—Some   Reactions   of  Keten.     Combination   with 
Hydrocyanic  Acid. 

By    Stella  Deakin  and  Norman   Thomas   Mortimer    Wilsmore. 

In  a  note  published  by  Miss  F.  Chick  and  one  of  us  (Proc,  1908, 
24,  77),  it  was  stated,  among  other  things,  that  keten  combined 
with  liquid  hydrogen  chloride  under  pressure  at  the  ordinary 
temperature  to  form  acetyl  chloride : 

CHgICO  +  HCr=  CH3-00C1, 
there  being  no  evidence  of  the  formation  of  the  isomeric  chloro- 
acetaldehyde  or  of  its  condensation  product,  dichloroethyl  acetate. 
Under  similar  conditions  keten  also  combined  with  hydrogen 
sulphide,  forming  acetyl  sulphide,  the  so-called  thioacetic 
anhydride:  * 

2CH2:CO  +  H2S  =  (CH3-CO)2S. 

Finally,  it  was  mentioned  that  keten  reacted  with  hydrocyanic 
acid,  but  that  the  product  was  not,  as  might  have  been  anticipated, 
acetyl  cyanide  or  pyruvonitrile. 

The  reaction  between  keten  and  hydrocyanic  acid  has  now  been 
further  investigated,  and  a  new  compound,  liquid  at  the  ordinary 
temperature,  has  been  isolated  in  a  pure  state.  The  actual  con- 
stitution of  this  compound  has,  however,  not  yet  been  elucidated; 
but,  as  our  collaboration  has  come  to  an  end,  and  as  the  substance 
in  question  has  somewhat  remarkable  properties,  we  venture  to 
place  on  record  the  results  so  far  obtained. 

Analysis  and  molecular  weight,  the  latter  having  been  found  both 
by  the  vapour  density  and  the  cryoscopic  methods,  showed  the 
substance  to  have  the  empirical  formula  C5H5O2N,  its  formation 
taking  place  according  to  the  equation : 

2CH2:CO  +  HCN  =  C5H5O2N. 

The  difficulty  in  the  way  of  determining  its  constitution  lies  in 
its  instability  in  presence  of  reagents.  For,  although  it  has  a 
boiling  point  of  173°,  and  its  vapour  does  not  dissociate  at  the 
temperature  of  boiling  aniline,  it  behaves  in  all  the  reactions 
hitherto  studied  as  if  it  were  merely  a  mixture  of  keten  and  hydro- 
cyanic acid,  were  it  not  that  the  velocity  of  reaction  is  slower. 

Thus   with   water,   either  alone  or   in   the   presence   of  acids  or 
alkalis,  acetic  and  hydrocyanic  acids  are  slowly  formed : 
C5H5O2N  -1-  2H2O  =  2CH3-C02H  -h  HCN. 

*  III  tlie  note  referred  to  there  is  a  misprint,  the  h.j».  of  the  acetyl  su1[)liide 
obtained  being  given  as  65 — 58°  instead  of  165 — 158°. 
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Alcohol  in  presence  of  a  trace  of  mineral  acid  acts  in  a  similar 
uay,  giving  ethyl  acetate  and  hydrocyanic  acid: 

C5H5O2N  +  2C2H5'OH  =  2CH3-C02-C2H5  +  HCN. 
With    aniline    a    violent  reaction   takes    place,   acetanilide    and 
hydrocyanic  acid  being  produced : 

C5H5O2N  +  2C6H5-NH2  =  2CH3-CO-NH-CcH5  +  HCN. 
Saturation  of  an  ethereal  solution  of  the  substance  with  hydrogen 
chloride  at  a  low  temperature,  followed  by  cautious  addition  of 
water,  gave  only  ammonium  chloride  together  with  acetic  and  formic 
acids,  and  an  attempt  to  reduce  it  by  means  of  hydrogen  in  presence 
of  platinum  black  led  to  no  definite  result.  Obviously  therefore  the 
substance  is  not  a  derivative  of  ci/ c!ohutan-l  :  3-dione. 

Although  we  have  no  very  definite  experimental  evidence  to 
offer  in  support  of  it,  still  we  may  perhaps  be  allowed  to  hazard  a 
guess  as  to  the  constitution  and  mode  of  formation  of  the  new 
compound.  We  may  suppose  that  hydrocyanic  acid  combines  in 
the  first  place  with  a  portion  of  the  keten  in  a  way  similar  to  its 
reaction  with  aldehydes  and  ketones  to  form  a  cyanohydrin,  which 
in  this  case  would  be  the  nitrile  of  the  unstable  a-hydroxyacrylic 
acid : 

CHaICO  +  HCN  =  CH2:C(0H)-CN. 
As  this  nitrile  contains  a  hydroxyl  group,  the  latter  would  at 
once  react  with  more  keten  to  form  the  corresponding  acetate : 
CH2:C(0H)-CN  +  CHglCO  =  CH2:C(0Ac)-CN. 
It  may  be  objected  to  this  hypothesis  that  a-hydroxyacrylonitrile 
nuld  change,  at  least  in  part,  into  the  well-known  isomeric  acetyl 
yanide  or  pyruvonitrile,  which  should  accordingly  be  found  among 
the  products  of  the  reaction.     It  may  well  be,  however,  that  at  the 
temperature  of  the  experiment  this  intramolecular  change  is  com- 
paratively slow,  whereas  the  reaction  between  keten  and  hydroxyl 
is  practically  instantaneous.     A  second  necessary  condition  is  that 
the  combination    of  hydrocyanic    acid    with  keten    shall    be  slow, 
otherwise,  with   excess   of   hydrocyanic   acid   present,  there   would 
be  no  keten   available   for  the  second  stage  of  the  process.     That 
this  condition  was  fulfilled  in  our  experiments  was  shown  by  the 
fact  that    a   large  part   of   the  keten  had   time  to  polymerise   to 
ci/rlohuian-l  :  3-dione,   although   hydrocyanic    acid   was  present   in 
j  considerable    excess.      Following    out   the    hypothesis,  the    decom- 
'  position  with  water  may  be  supposed  to  proceed  thus : 

CH2:C(CN)-0'CO-CH3  +  H.p 

=  CH2:C(OH)-0-CO-CH3-j-HCN 
=  (CH3-CO)20  +  HCN. 
(Cll3-CO)20  +  HgO  =  2CH3-C02H. 
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The  reaction  with  aniline  may  take  place  as  follows : 

CH2:C(CN)-0-CO-CH3+  CeHs-NH.^ 

=  CH2:C(CN)-0H  +  CHg-CO-NH-CgHa 
=  CHg-CO-CN  +  CHg-CO-NH-CfiHs. 
CHg-CO-CN  +  CgHs-NHg  =  CHg-CO-NH-CgHs  +  HCN. 
The  reaction  with  alcohol  is  less  easy  to  follow,  especially  as  it 
requires  the  presence  of  mineral  acid.     It  may  be  mentioned  that 
the  structure    suggested  is  consistent  with  the  molecular  volume, 
refractivity,  and  dispersion  of  the  substance. 

The  actions  of  Grignard's  reagent  and  of  nitrosyl  chloride  on 
keten  have  also  been  studied.  In  both  cases  the  keten  condensed 
for  the  most  part  to  brown,  resinous  substances,  but  from  the 
reaction  with  Grignard's  reagent  a  small  quantity  of  acetone  was 
obtained,  j^robably  formed  thus : 

CH2:C0  —^  CH2:C(OMgI)-CH3  -^  CH,:C(0H)-CH3  -^ 

CHg-CO-CHg. 

It  was  thought  that  nitrosyl  chloride  might  give  nitrosoacetyl 
chloride  or  the  isomeric  oximinoacetyl  chloride,  but  the  only  sub- 
stance that  could  be  isolated  in  a  pure  state  was  chloroacetyl 
chloride. 

Experimental. 

Preparation  of  Keten  and  of  the  Hydrocyanic  Acid  Derivative. 

The  pyrogenic  method  of  preparing  keten,  previously  described 
by  one  of  us  (Trans.,  1907,  91,  1938),  has  been  somewhat  improved. 
Spiral  condensers  provided  with  a  cylindrical  bulb  at  the  lower 
end  are  now  used  in  place  of  the  simpler  pattern  previously 
illustrated,  and  it  has  been  found  advisable  to  insert  a  second 
trap  between  the  generator  and  the  main  condenser.  Any  keten 
which  condenses  in  the  traps  can  be  readily  distilled  over  into  the 
main  condenser  at  the  end  of  the  operation.  The  main  condenser 
is  kept  at  —110°  to  —120°  by  means  of  a  bath  of  alcohol  and 
ether  cooled  by  suitable  addition  of  liquid  air,  which  is  not  poured 
into  the  bath  itself,  but  into  a  kind  of  flattened,  metallic  test-tube 
suspended  from  the  top  of  the  Dewar  vessel.  At  a  lower  tem- 
perature the  spiral  of  the  condenser  becomes  rapidly  blocked  with 
crystals,  while  at  a  higher  temperature  the  condensation  of  the 
keten  is  incomplete,  owing  to  its  dilution  with  other  gases.  A 
platinum  wire  of  about  0'2  mm.  diameter  and  5  cm.  free  length 
has  been  found  to  give  the  best  results.  With  a  longer  or  thicker 
wire  some  keten  will  be  carried  away  by  the  increased  rush  of  gas, 
as  the  wire  must  be  kept  nearly  at  its  melting  point  in  any  case.  A 
current  of  about  7  amperes  is  used  to  commence  with,  but  this  must 
be  gradually  raised  to  12  or  14  amperes  as  the  reaction  proceeds, 


DEAKIN  AND  WILSMORE  :   SOME  REACTIONS  OF  KETEN.      1971 

as  the  wire  becomes  coated  with  a  layer  of  conducting  carbon. 
The  acetic  anhydride  is  added  in  charges  of  about  50  grams,  a 
clean  wire  being  used  for  each  fresh  charge.  By  carefully  removing 
the  layer  of  carbon  by  crushing  it  with  pliers,  one  wire  may  some- 
times be  made  to  serve  for  three  charges  before  breaking.  After 
heating  for  about  an  hour  and  a-half,  about  half  of  the  acetic 
anhydride  will  have  disappeared,  and  the  remainder  will  have 
become  dark  brown.  The  reaction  is  then  stopped,  the  spent  charge 
is  removed,  a  clean  wire  is  inserted,  and  a  fresh  charge  of  acetic 
anhydride  is  poured  in.  Including  subsidiary  operations,  three  or 
four  such  charges  can  be  run  through  in  a  day,  yielding  altogether 
15  to  20  c.c.  of  crude  keten.  The  acetic  anhydride  should  be  as 
pure  as  possible,  or  the  yield  will  be  much  reduced;  but  inferior 
samples  may  be  greatly  improved  in  this  respect  by  previously 
distilling  from  phosphoric  oxide.  Ket«n  may  also  be  prepared 
from  acetone,  but  is  then  very  impure.  Strange  to  say,  glacial 
acetic  acid  appears  to  be  quite  unacted  on  by  the  hot  wire. 

To  prepare  the  hydrocyanic  acid  derivative,  15  to  20  c.c.  of  keten 
were  distilled  into  an  exhausted  bomb-tube  cooled  in  liquid  air. 
About  twice  this  quantity  of  anhydrous  hydrocyanic  acid  was  added, 
and  the  tube  was  then  sealed  off  before  the  blowpipe.  The  hydro- 
cyanic acid  was  prepared  by  the  action  of  50  per  cent,  sulphuric  acid 
on  potassium  cyanide,  and  was  dried  by  passing  it  through  a  long 
column  of  calcium  chloride.  It  was  stored  in  a  bulb  provided  with 
two  taps,  from  which  it  could  be  distilled  into  the  bomb  tubes  as 
required.  As  there  was  an  interval  of  only  about  10°  between 
the  melting  point  of  the  hydrocyanic  acid  and  the  temperature  at 
which  the  keten  began  rapidly  to  polymerise,  arrangements  had  to 
be  made  to  keep  the  keten  cold  until  the  hydrocyanic  acid  had 
melted,  and  then  to  mix  the  two  liquids  as  rapidly  as  possible. 
Accordingly,  on  removing  the  bomb  tube  from  the  liquid  air,  the 
lower  end  containing  the  keten  was  well  jacketed  in  wool,  the  upper 
part  containing  the  hydrocyanic  acid  being  left  exposed  to  the  air, 
and  the  tube  was  placed  in  an  inclined  position  in  a  shaking 
machine  and  shaken  for  about  two  hours,  or  until  it  had  attained 
the  temperature  of  the  room.  It  was  then  placed  in  an  ice-safe 
until  wanted.  Since  considerable  pressure  was  necessarily  developed 
in  the  tubes  as  the  temperature  rose,  to  minimise  the  effects  of  a 
possible  explosion,  the  shaking  and  removal  to  the  ice-safe  were 
attended  to  by  one  of  us  at  times  when  the  laboratory  was  otherwise 
unoccupied.  The  contents  of  the  tubes  were  only  slightly  coloured 
brown,  showing  that  much  less  brown  resin  had  been  formed  than 
when  keten  polymerises  in  the  ordinary  way.  Before  opening,  the 
tubes  were  again   cooled  to   -78°,   when,   as    the    contents    had 
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solidified,  they  could  be  opened  with  impunity,  and  they  were  then 
removed  from  the  bath  and  allowed  to  attain  the  temperature  of 
the  room.  As  the  contents  showed  the  marked  tendency  to  bump 
characteristic  of  hydrocyanic  acid,  a  capillary  tube  connected  with 
a  source  of  dry  hydrogen  was  passed  down  to  the  bottom  of  the 
bomb-tube  as  soon  as  the  contents  were  sufficiently  melted.  With 
the  help  of  the  current  of  hydrogen,  most  of  the  hydrocyanic 
acid  was  then  distilled  off,  the  tube  being  finally  warmed  to  about 
50°  in  a  water-bath.  The  contents  of  three  such  tubes  were  frac- 
tionally distilled  under  100  mm.  pressure,  a  Claisen  flask  being 
employed,  to  the  second  neck  of  which  a  Young's  "  pear  "  still-head 
with  four  bulbs  had  been  sealed.  The  liquid  separated  mainly  into 
two  fractions,  one  boiling  at  about  70 — 80°,  which  was  chiefly  cyclo- 
butan-1 :  3-dione,  and  the  other  boiling  at  100 — 110°,  which  con- 
tained the  bulk  of  the  new  substance.  Some  brown  residue  was 
left  in  the  flask,  and  crystals  of  dehydracetic  acid,  which  were 
identified  in  the  usual  way,  and  which  were  due  to  the  poly- 
merisation of  c?/fZobutan-l :  3-dione,  were  deposited  in  the  neck  of 
the  flask  and  lower  portion  of  the  still-head.  After  repeated 
fractionation  of  the  portion  of  higher  boiling  point,  7  grams  of  a 
colourless  liquid  were  obtained,  which  boiled  constantly  at 
110"0 — 110"4°/100  mm.  (corr.),  this  being  the  yield  from  about 
50  c.c.  of  crude  keten.  The  fractionation  was  carried  out  in  dry 
hydrogen.  Carbon  dioxide  was  unsuitable  for  this  purpose,  as  it 
was  very  soluble  in  the  liquid. 

Composition  and  Properties  of  the  Hydrocyanic  Acid  Derivative. 

The  carbon  and  hydrogen  were  determined  by  the  method  pre- 
viously used  for  "  acetylketen  "  (Trans.,  1908,  63,  947).  Attempts 
to  estimate  the  nitrogen  by  the  Kjeldahl  method  were  unsuccessful 
owing  to  loss  of  hydrocyanic  acid,  and  a  modification  of  the  Dumas 
method  was  therefore  employed.  The  substance  was  weighed  in 
an  exhausted  thin-walled  glass  bulb,  the  weight  of  the  air  removed 
from  the  bulb  (066  c.c.  =0*8  milligram)  being  added  to  the 
apparent  weight  of  the  substance.  The  bulb  was  packed  in  copper 
oxide  in  the  combustion  tube,  and,  when  all  the  air  in  the  latter 
had  been  swept  out  with  carbon  dioxide,  it  was  broken  by  means 
of  a  pointed  glass  rod  attached  to  the  inlet  tube.  The  vapour 
density  was  determined  by  the  Hofmann  method,  using  freshly 
distilled  aniline  in  the  oufer  jacket.  The  volume  observed  was 
corrected  for  the  gas  and  vapour  driven  off  from  the  walls  of  the 
eudiometer,  and,  in  measuring  the  pressure,  allowance  was  made 
for  the  temperature  of  the  mercury  column  and  for  the  vapour 
pressure  of  mercury  at  184°,  the  boiling  point  of  aniline  under 
7567   mm.   pressure.     The   volume  remained    constant  for   about 
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half  an  hour,  showing  that  the  vapour  of  the  substance  was  stable 
at  the  temperature  of  boiling  aniline.  The  benzene  used  in  deter- 
mining the  molecular  weight  by  the  cryoscopic  method  had  been 
previously  distilled  from  sodium : 

01705  gave  0-3393  CO.,  and  00672  H.,0.     C  =  54-2;  H  =  4-4. 

01369     ,,     0-2702  COo     ,,    00580  HoO.     C  =  53-8;  H  =  4-7. 

01999     „  21-7  c.c.  No' (dry)  at  14-8°' and  755-1  mm.     N  =  12-8. 

0-0859     „  58-6  c.c.  at' 184°  and  3759  mm.     M.W.  =  111-2. 

0-0882,  in  16-93  benzene,  gave  M  =  - 0-260°.     M.W.  =  1002. 

00697,  „  16-93         „  „     A<= -0186°.     M.W.  =  110-8. 

01157,  „  16-93         „  „     It  =-0-298°.     M.W.  =  1148. 

C5H5O2N  requires   0  =  541;    H  =  4-5;  N  =  12-6    per  cent. 
M.W.  =  11104. 

Under  772  mm.  pressure,  the  liquid  boiled  at  173°  (corr.),  but 
it  began  to  turn  brown  a  little  below  that  temperature.  On 
cooling,  a  white  opalescence  appeared  at  about  —45°,  which  dis- 
appeared again  on  warming  to  —  42°,  but  this  must  have  been  due 
to  a  trace  of  moisture  or  other  impurity,  as  the  substance  remained 
liquid,  although  it  became  very  viscous,  down  to  —  78°.  On  cooling 
with  liquid  air,  it  froze  to  a  white  solid,  which  melted  at  — 196° 
to  — 195°.  Owing  to  the  presence  of  the  opalescence,  the  melting 
point  could  not  be  found  by  visual  observation,  but  it  was  readily 
determined  by  means  of  a  thin  wire,  moisture  being  excluded 
by  jacketing  the  wire  with  calcium  chloride.'in  the  upper  part  of 
the  tube.  On  repeated  trials,  the  wire  was  found  to  be  immovable 
up  to  —196°,  but  it  could  be  moved  up  and  down  at  —195°. 

The  density  was  Hetermined  at  various  temperatures.  Two 
samples  of  the  substance  were  used,  the  first  of  which  had  been 
distilled  some  weeks,  and  the  second  a  few  days  before  the  experi- 
ment. The  densities  in  each  series  lie  very  nearly  on  a  straight 
line,  but  there  is  a  difference  of  about  five  parts  in  10,000  between 
the  two  series.  As  a  mean  of  four  weighings,  the  pyknometer 
contained  0-74325  gram  of  water  weighed  in  air  at  18°.  The 
temperatures  in  the  table  have  been  corrected  to  the  hydrogen 
scale : 

Weight  of  nibstance  in  nir.  ^S,. 


t. 

I. 

II. 

9-^ 

07&97 

10-0 

0-7995 

13-9 

0-7960 

14-2 

0-7961 

166 

0-7937 

18-5 

0-7925 

21-3 

0-7901 

22  9 

0-7889 

24-8 

0-7870 

29  9 

0  7833 

>0-8 

0-7826 

1  0743 
10697 
1  0647 
1-0598 
1-0521 


II. 
10746 

1C695 

1  -0664 

1  -0614 

1  -0571 

10511 
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Taking  the  mean  of  the  two  series  by  graphic  interpolation,  the 
density  of  the  liquid  between  10°  and  30°  is  given  by  the  equation : 

48^  =  1-0685 -0-00112  (<-15°). 

Consequently,  assuming  the  molecular  weight  to  be  111'04,  the 
molecular  volume  at  15°  is  103-9,  whereas  the  molecular  volume 
calculated  for  the  formula  CH2:C(CN)-0-CO-CH3  from  Traube's 
values  for  the  atomic  volumes  (Traube,  Grundriss  der  physikalischen 
CJiemie,  1904,  p.  120;  Smiles,  Chemical  Constitution  and  Physical 
Properties,  1910,  p.  125)  is  100-2. 

The  refractive  indices  of  the  same  two  samples  were  -  measured 
by  means  of  the  Pulfrich  refractometer.  The  densities  were 
obtained  by  interpolation  from  the  values  given  above,  the  two 
series  being  kept  separate : 


Line, 
C. 

Sample. 

I. 

11. 

t, 
16-9° 
22-6 

1-0667 
1-0598 

1-42443 
1-42150 

M.R. 

26-580 
26-598 

D. 

I. 

II. 

16-0 
23-1 

1-0676 
1-0592 

1-42771 
1-42435 

26-734 
26-771 

G'. 

II. 

22-5 

1-0599 

1-43756 

27-478 

Taking  the  mean  of  the  two  series,  and  using  the  values  for  the 
atomic  refractivities  and  dispersions  given  in  Landolt  and 
Bornstein's  "  Tahellen,"  we  obtain  the  following  values  for  the 
molecular  refractivity  and  dispersion : 

C  D  G'-C 

Found 26-69  26-75  0-89 

Calculated  for  CH2:C(CN)-0-C0'CH3  26  34  26-49  0  79 

At  the  ordinary  temperature  the  hydrocyanic  derivative  is  a 
colourless,  somewhat  oily  liquid.  It  has  a  rather  pleasant,  although 
slightly  pungent  odour,  resembling  that  of  the  nitriles.  It  is 
readily  miscible  with  all  the  ordinary  organic  solvents,  but  is 
sparingly  soluble  in  cold  water.  It  is  more  readily  soluble  in  hot 
water,  separating  again  as  an  emulsion  on  cooling.  It  is,  however, 
slowly  decomposed  and  dissolved  by  water  on  keeping,  even  in  the 
cold,  acetic  and  hydrocyanic  acids  being  formed,  and  this  whether 
the  aqueous  solution  was  originally  neutral,  acid  or  alkaline;  but 
on  warming  it  with  aqueous  alkalis  or  sodium  carbonate,  some 
brown  substance  is  also  formed.  This  hydrolysis  has  been  studied 
quantitatively  in  both  acid  and  neutral  solution.  Since  methyl- 
orange  cannot  be  used  as  an  indicator  for  acetic  acid,  and  phenol- 
phthalein  is  useless  in  presence  of  soluble  cyanides,  the  following 
method  of  titration  was  adopted.  Standard  alkali  free  from 
carbonate  was  first  added  in  slight  excess,  that  is,  in  the  proportion 
of  rather  more  than  three  equivalents  of  alkali  to  one  molecule 
of  the  substance,  and  the  cyanide  was  titrated  with  standard  silver 
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nitrate,  the  end-point  being  shown,  as  usual,  by  the  formation  of  a 
permanent  opalescence.  A  second  equal  volume  of  silver  solution 
was  then  added,  in  order  to  replace  all  the  CN'  in  solution  by 
KO3',  after  which  the  excess  of  alkali  could  be  found  by  means 
of  standard  acid  and  phenolphthalein.  Proceeding  in  this  way, 
the  alkali  used  corresponded  with  the  hydrocyanic  as  well  as  with 
the  acetic  acid,  so  that,  to  find  the  amount  of  the  latter,  the  hydro- 
cyanic acid  as  found  from  the  silver  titration  had  to  be  subtracted 
from  the  total  acid.  To  carry  out  the  hydrolysis  in  acid  solution, 
a  weighed  amount  of  the  substance  was  placed  in  a  stoppered  flask, 
together  with  50  c.c.  of  water  and  1  c.c.  of  010923'-sulphuric  acid. 
The  mixture  was  kept  overnight,  warmed  for  a  few  minutes  on  the 
water-bath,  cooled,  and  titrated,  the  sulphuric  acid  being  allowed 
for.     The  silver  nitrate  was  O'lT,  and  the  alkali  0"  10553' : 

0'3041  required  13"33  c.c.  silver  and  76'91  c.c.  alkali;  or  1  mol. 
gave  0-973  mol.  HCN  and  1-988  mol.  CoH^O.^^. 

0-2943  required  1290  c.c.  silver  and  72-69  c.c.  alkali;  or  1  mol. 
gave  0-973  mol.  HCN  and  1919  mol.  CoH^Oo. 

For  the  hydrolysis  in  alkaline  solution,  the  substance  was  added 
at  once  to  excess  of  the  standard  alkali.  After  about  two  hours  at 
the  ordinary  temperature,  the  reaction  appeared  to  be  complete, 
and  the  solution  was  titrated  : 

0-2820  required  1216  c.c.  silver  and  7085  c.c.  alkali;  or  1  mol. 
gave  0-967  mol.  HCN  and  1975  mol.  C^H^O.,. 

0-3142  required  13-86  c.c.  silver  and  8080  c.c.  alkali;  or  1  mol. 
gave  0-979  mol.  HCN  and  2*032  mol.  C^H^Oa. 

The  reaction  is  thus  not  quite  quantitative,  but  it  is  sufficiently 
so  to  prove  the  validity  of  the  equation  given  on  p.  1968. 

An  attempt  was  next  made  to  hydrolyse  the  CN  group  without 
breaking  up  the  molecule.  233  Grams  of  the  compound  were 
dissolved  in  about  20  c.c.  of  dry  ether;  the  solution  was  cooled  to 
—  78°,  and  dry  hydrogen  chloride  was  passed  in  until  two  layers 
began  to  separate,  the  lower  one  being  a  solution  of  ether  in  liquid 
hydrogen  chloride.  Two  molecular  proportions  of  water,  dissolved 
in  20  c.c.  of  ether  and  cooled  to  -  78°,  were  then  added,  and  the 
mixture  was  kept  overnight,  the  temperature  gradually  rising  to 
about  0°.  As  no  reaction  appeared  to  have  taken  place,  even  on 
warming  to  the  boiling  point  of  ether,  a  third  molecular  proportion 
of  water  was  added,  and  ether  was  evaporated  until  water  began 
to  separate.  On  again  keeping  overnight  at  the  ordinary  tem- 
perature, ammonium  chloride  crystallised  out,  and  the  solution  was 
then  fractionally  distilled.  After  the  ether  had  been  expelled,  a 
fraction  passed  over  at  85 — 103°,  which  gave  all  the  reactions  of 
formic  acid.     A  second  fraction,  which  passed  over  at  103 — 135°, 
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was  also  acid.  It  was  redistilled  from  concentrated  sulphuric  acid 
to  destroy  any  formic  acid,  and  it  then  answered  to  the  tests  for 
acetic  acid.  A  small  quantity  of  liquid  which  still  remained  in 
the  flask  was  heated  under  a  pressure  of  35  mm.  to  230°,  but  it 
merely  charred  without  distilling.  The  hydrolysis  of  the  hydro- 
cyanic acid  derivative  had  therefore  followed  practically  the  same 
course  as  in  aqueous  solution. 

The  substance  did  not  appear  to  react  with  absolute  alcohol,  but 
on  adding  dry  hydrogen  chloride  the  odour  of  ethyl  acetate  was 
noticed.  On  treating  another  portion  of  the  alcoholic  solution 
with  lime,  a  vigorous  reaction  took  place,  hydrocyanic  acid  and 
ethyl  acetate  being  given  off.  To  a  larger  portion  of  the  solution 
a  small  quantity  of  ethylsulphuric  acid  was  added,  and  the  mixture 
was  left  for  two  days,  when  hydrocyanic  acid  and  ethyl  acetate 
were  again  noticeable.  On  passing  a  current  of  dry  air  through 
the  solution  and  then  into  water,  hydrocyanic  acid  was  readily 
identified  in  the  latter.  The  alcoholic  solution  was  then  boiled  for 
some  time  over  phosphoric  oxide  in  a  flask  fitted  with  a  reflux 
condenser,  and  finally  distilled,  when,  after  all  the  hydrocyanic  acid 
had  been  driven  off,  a  sample  of  ethyl  acetate  was  obtained,  which 
boiled  steadily  at  77°  (corr.). 

The  compound  reacted  vigorously  with  aniline,  hydrocyanic  acid 
being  given  off,  and  a  solid  substance  being  formed,  which  proved  to 
be  acetanilide,  melting  at  113°  (corr.).  This  was  confirmed  by 
taking  a  mixed  melting  point  with  a  sample  of  pure  acetanilide  from 
other  sources.     The  reaction  appeared  to  be  quantitative. 

Action  of  Grignard's  Reagent  on  Keten. 

The  reagent  (magnesium  methyl  iodide)  in  dilute  ethereal  solution 
was  cooled  to  —50°,  and  gaseous  keten  was  slowly  passed  in.  A 
very  vigorous  reaction  took  place,  and  much  heat  was  evolved,  as 
was  shown  by  the  amount  of  solid  carbon  dioxide  which  was  required 
to  maintain  the  low  temperature.  As  only  resinous  substances 
appeared  to  be  formed,  the  experiment  was  repeated,  but  this  time 
the  keten  was  largely  diluted  with  dry  hydrogen,  the  dilution 
being  effected  by  passing  the  hydrogen  through  liquid  ket«n  at 
—  78°  to  —70°.  The  ethereal  solution  became  dark  reddish-brown 
and  very  viscous,  and  a  yellow,  resinous  solid  separated.  The 
mixture  was  decomposed  with  powdered  ice,  and  the  magnesium 
hydroxide  was  dissolved  by  addition  of  dilute  hydrochloric  acid, 
leaving  a  considerable  amount  of  brown  resin,  which  was  not  soluble 
in  either  the  water  or  the  eClier.  This  was  removed  by  filtration, 
and  the  filtrate  was  fractionally  distilled.  After  the  ether  had 
been   removed,   a   small   quantity  of  liquid  passed  over   at  about 
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100°,  which  had  a  strong  odour  of  acetone.  The  presence  of  acetone 
was  confirmed  by  the  iodoform  reaction,  by  the  alkaline  mercuric 
chloride  and  nitroprusside  tests,  and  by  the  formation  with  benz- 
aldehyde  of  distyryl  ketone  (m.  p.  Ill — 112°,  corr.).  No  other 
compound  could  be  isolated. 

Action  of  Nitrosyl  Chloride  on  Keten. 

The  nitrosyl  chloride  was  prepared  by  passing  nitric  oxide  into 
liquid  chlorine  at  about  —  60°  until  saturated.  The  chlorine  was 
obtained  from  hydrochloric  acid  and  potassium  permanganate.  It 
was  washed  with  water  and  dried  with  sulphuric  acid.  The  nitric 
oxide  was  produced  by  the  action  of  nitric  acid  on  copper,  and  was 
purified  by  passing  first  through  50  per  cent,  potassium  hydroxide 
solution  and  then  through  concentrated  sulphuric  acid.  The 
nitrosyl  chloride  was  fractionally  distilled  before  use  to  remove  any 
excess  of  chlorine. 

At  first,  attempts  were  made  to  carry  out  the  reaction  by  con- 
densing the  keten  with  excess  of  nitrosyl  chloride  in  bomb-tubes  by 
means  of  liquid  air,  and  allowing  the  temperature  gradually  to  rise, 
but  violent  explosions  took  place  as  soon  as  the  nitrosyl  chloride 
melted.  Accordingly,  another  method  was  tried,  gaseous  keten  being 
passed  slowly  into  excess  of  nitrosyl  chloride  at  a  temperature  just 
above  the  melting  point  of  the  latter  (—61°).  Vigorous  reaction 
took  place  at  once,  with  evolution  of  much  heat,  hydrogen  chloride 
and  an  odour  of  carbonyl  chloride  being  given  off,  and  a  white 
solid  separating  out,  which  melted  at  about  —50°.  If  the  tem- 
perature was  allowed  to  rise  during  the  reaction,  much  gas  was 
evolved,  which,  on  analysis,  proved  to  be  a  mixture  of  hydrogen 
chloride,  carbonyl  chloride,  carbon  dioxide,  acetylene,  and  nitrogen. 
The  acetylene  and  some  or  all  of  the  carbon  dioxide  were  impurities 
in  the  original  keten.  The  gas  did  not  contain  nitric  oxide.  After 
all  the  keten  had  been  added,  the  temperature  was  allowed  to  rise, 
and  a  current  of  hydrogen  was  passed  through  the  mixture  in  order 
to  remove  the  excess  of  nitrosyl  chloride,  when  a  dark  brown,  very 
viscous  liquid  was  left.  On  distilling  this  under  a  pressure  of  95 
to  100  mm.,  a  colourless  liquid  passed  over  at  58 — 68°.  This  liquid 
did  not  contain  nitrogen.  Under  atmospheric  pressure  it  boiled  at 
106°.  It  reacted  with  water  to  form  chloroacetic  acid,  and  with 
aniline  it  gave  chloroacetanilide,  melting  at  133°,  which  was  con- 
firmed by  taking  a  mixed  melting  point  with  a  sample  of  chloro- 
acetanilide from  another  source.  The  colourless  liquid  was  therefore 
chloroacetyl  chloride,  in  the  formation  of  which  the  nitrosyl  chloride 
had  apparently  acted  merely  as  a  source  of  chlorine.  A  large 
quantity  of  a  brown,  resinous  substance  was  left   in  the  distilling 
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flask.  This  was  found  to  contain  nitrogen,  but  a  definite  com- 
pound could  not  be  obtained  from  it.  Attempts  to  obtain  a  clean 
reaction  by  previously  diluting  tbe  nitrosyl  chloride  with  dry  ether 
met  with  no  better  success. 

University  College, 

University  of  London. 


OCX. — The  Polymerisation  of  Keten.     eydoButan-l  :  3- 
dione  ("  Acetylketen^'). 

By  Frances  Chick  and  Norman  Thomas  Mortimer  Wilsmore. 

In  a  previous  paper  (Trans.,  1908,  93,  946)  we  stated  that  when 
keten,  either  in  the  liquid  or  the  gaseous  state,  is  left  to  itself  at 
the  ordinary  temperature,  a  brown  substance  is  formed,  the  chief 
constituent  of  which  is  a  colourless  liquid  of  a  very  pungent  odour, 
boiling  at  126 — 127°/ 760  mm,  (corr.),  and  which,  after  having 
been  frozen,  melts  at  —  7°  to  —  6° ;  and  we  showed  by  combustion 
analyses,  by  determination  of  the  vapour  density  according  to  the 
Hofmann  method,  and  by  measurement  of  the  freezing  point  of 
its  solution  in  benzene,  that  this  liquid  is  a  polymeride  of  keten, 
formed  according  to  the  equation  2CHo!CO  =  0411402.  We  also 
showed  that  the  substance  undergoes  a  series  of  reactions  which 
indicate  a  close  relation  with  acetoacetic  acid.  Thus,  with  water 
in  the  cold,  acetoacetic  acid  itself  is  produced: 

C4H4O2  +  H2O  =  CHg-CO-CHa-COoH ; 
on  boiling  with  alkalis,  acetates  are  formed : 

C4H4O2  +  Ba(0H)2  =  Ba(C2H302)2 ; 
with  aniline,  a  very  vigorous  reaction  takes  place,  resulting  in  the 
formation  of  acetoacetanilide : 

C4H4O2  +  CcH5-NH2  =  CH3-C0-CH2-C0-NH-CcH5; 
and  with   phenylhydrazine,  a   phenylhydrazone-phenylhydrazide  of 
acetoacetic  acid  is  obtained : 
C4H402  +  2CcII,-N2H3  = 

CH3-C(:N-NHPh)-CH2-CO-NH-NHPh  +  HgO. 

The  hydrazide  character  of  the  latter  substance  was  shown  by 
the  formation  of  a  hydrochloride  and  of  a  platinichloride.  Addition 
of  pyridine  to  the  polymeride  caused  a  violent  reaction,  with  the 
formation  of  brown  resins;  but  when  the  reaction  was  allowed  to 
take  place  in  benzene  solution,  dehydracetic  acid  was  the  chief 
product. 

All   these    facts   led  us   to    conclude  that    the  polymeride   still 


CHICK  AND  WILSMORE:  THE  POLYMERISATION  OF  KETEN.       1979 

contained  a  keten  group,  and  we  therefore  assumed  it  to  be  acetyl- 
keten,  having  the  formula  CHs'CO'CHICO.  At  the  same  time,  we 
considered  the  possibility  of  its  being  cycloh\ita,n-l :  3-dione : 

as  this  would  agree  better  with  our  observation  that  it  did  not 
appear  to  react  with  alcohol.  Nevertheless,  the  great  reactivity 
and  very  unsaturated  nature  of  the  substance  led  us  to  prefer  the 
keten  formula,  and  a  measurement  of  the  refra<;tive  index  also 
seemed  to  support  this  choice: 

M.R. 

CHs'CO-CHlCO    20-489 

/CO. 
CH2<         >CH, 18  782 

\co/ 

.C(OHk 

Caf  \CH 20-664 

\C(OH)^ 
Found  20075 

Here,  however,  we  had  to  suppose  that  the  'CHICO  group  had 
a  depressing  action  on  the  refractive  index,  an  assumption  which, 
on  account  of  lack  of  experimental  evidence,  we  made  with  all 
reserve. 

After  the  publication  of  the  previous  paper,  the  work  was  for  a 
time  interrupted,  and  it  was  not  until  the  session  just  closed  that 
it  could  be  seriously  resumed.  In  the  meantime  a  paper  by 
Staudinger  and  Bereza  has  appeared  (Ber.,  1909,  42,  4908),  in 
which  the  polymerisation  of  the  disubstituted  keten,  ethyl  ethyl- 
ketencarboxylate,  C0!CEt*C0.2Et,  is  described,  the  product 
according  to  these  authors  being  undoubtedly  a  cyc/obutane 
derivative,  namely,  ethyl  1 :  3-diethy\ri/cli>hnt^n-2  :  4-dione-l :  3-di- 
carboxylate, 

C02Et-CEt<^^CEfC0oEt, 

and  on  this  and  other  grounds  they  conclude  that  the  substance 
discovered  by  us  must  be  A^-cyc/obuten-l-ol-3-one, 

The  arguments  of  Staudinger  and  Bereza  did  not,  liowever,  seem 
to  us  to  be  necessarily  convincing.  Thus,  ethyl  1  :  3-diethylryf/o- 
butan-2 :  4-dione-l :  3-dicarboxylate  reacts  with  two  molecular  pro- 
portions of  aniline  to  form  two  molecules  of  ethyl  ethylmalonanilate: 


C02EfCEt<^^CEfC0.^Kt  +  2CaH5-NH3    = 


2C02KfCHEt-CO-NH-CjH5. 
Also,  on  heating,  the  diethyl  ester  dissociates  with  regeneration 

6    o  2 
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of  ethyl  ethylketencarboxylate.  Our  substance,  on  the  other  hand, 
reacts  with  only  one  molecular  proportion  of  aniline,  and  it  shows 
no  tendency  to  dissociate  on  heating— quite  the  contrary.  Similar 
remarks  apply  also  to  the  reactions  of  truxilic  acid  referred  to  by 
Staudinger  and  Bereza  in  this  connexion.  Again,  the  comparative 
stability  of  the  polymeride  of  keten,  both  in  the  pure  state  and 
in  alcoholic  solution,  which  Staudinger  and  Bereza  cite  as  being 
inconsistent  with  the  keten  formula,  was  not  conclusive,  more 
especially  as  our  previous  observations  on  these  points  were  incom- 
plete. We  have  since  found  that  alcohol  reacts  with  the  polymeride 
if  a  trace  of  mineral  acid  be  present,  forming  acetoacetic  ester : 

C4H4O2  +  CgH^-OH  =  CH3'CO-CH2-C02-C2H5 ; 
and  that,  when  the  pure  substance  is  kept  for  some  weeks  in  sealed 
tubes  at  the  ordinary  temperature,  dehydracetic  acid  is  formed, 
apparently  by  direct  polymerisation.  Moreover,  Staudinger  and 
Bereza  show  that  disubstituted  ketens  become  much  less  reactive 
when  one  of  the  substituents  is  an  acidic  group,  and,  consequently, 
it  was  not  unreasonable  to  assume,  as  we  did,  that  the  substitution 
of  acetyl  for  a  hydrogen  atom  in  keten  should  have  a  similar  effect. 

So  far  therefore  there  was  not  sufficient  evidence  available  to 
allow  of  a  definite  conclusion  being  drawn  between  the  open  chain 
and  the  cyclic  formula  for  the  first  polymeride  of  keten.  Most  of 
the  reactions  described  above  involved  a  transference  of  a  hydrogen 
atom  from  the  reagent  to  the  polymeride,  and  there  was  nothing 
to  show  into  which  part  of  the  molecule  of  the  latter  this  atom 
had  entered. 

It  occurred  to  us  that  a  study  of  the  action  of  bromine  on  the* 
polymeride  might  throw  some  light  on  its  constitution.  We  found 
that  bromine  combined  directly  with  the  substance,  forming  a 
monobromoacetoacetyl  bromide,  which,  on  treatment  with  alcohol, 
gave  the  corresponding  ethyl  monobromoacetoacetate.  If  the 
polymeride  had  the  acetylketen  structure,  addition  of  bromine 
should  give  the  a-bromoacetoacetyl  bromide: 

CH3-(X)-CH:C0  +  Brg  =  CHa'CO-CHBr-COBr, 
whereas    from    cyc^obutan-1 :  3-dione  only    the  -y-derivative    could 
result : 

CH,<:gg>CH,  +   Br,  -    CH,<CgBj^^3^. 

Since  we  have  actually  obtained  the  y-  and  not  the  o-derivative 
under  conditions  which  rendered  a  wandering  of  the  bromine  atom 
from  the  a-  to  the  7-position  highly  improbable,  it  follows  that  the 
evidence  in  favour  of  the  cyclic  structure  for  the  first  polymeride 
of  keten  is  now  conclusive.  It  may  be  noted,  however,  in  passing, 
that  the  substance  may  still  be  regarded  as  an  internal  anhydride 
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of  acetoacetic  acid.  The  true  acetylketen  has  therefore  yet  to  be 
discovered,  but  we  venture  to  prophesy  that,  when  prepared,  it  will 
resemble  cycZobutan-1 :  3-dione  in  many  of  its  reactions. 

Incidentally,  by  treating  the  above-mentioned  y-bromoaceto- 
acetyl  bromide  with  aniline,  we  have  obtained  the  same  bromoaceto- 
acetanilide  as  was  prepared  by  Knorr  {AnnaJen,  1886,  236,  79)  by 
the  bromination  of  acetoacetanilide,  and,  by  digesting  this  with 
concentrated  sulphuric  acid  as  described  by  him,  we  also  obtained 
his  bromo-2-hydroxy-4-methylquinoline  {loc.  cit.,  p.  91).  Knorr  also 
prepared  a  substance,  which  he  believed  to  be  identical  with  the 
latter  compound,  by  the  action  of  bromine  water  on  2-hydroxy- 
4-methylquinoline  itself.  As  under  these  conditions  the  bromine 
would  almost  certainly  occupy  the  3-position,  Knorr  assumed  that 
his  bromoacetoacetanilide  was  the  o-derivative,  the  condensation 
with  sulphuric  acid  taking  place  according  to  the  equation : 
Me 
CO  Me 


NH  N 

We  now  find,  however,  that  the  compound  formed  on  brominating 
2-hydroxy-4-methylquinoline  is  not  identical  with,  but  is  an  isomeride 
of,  the  bromo-2-hydroxy-4-methylquinoline  produced  by  the  action 
of  sulphuric  acid  on  bromoacetoacetanilide ;  and,  since  our  synthesis 
shows  that  the  latter  substance  undoubtedly  has  the  bromine  in 
the  y-position,  it  follows  that  the  compound  obtained  from  it  by 
the  action  of  sulphuric  acid  is  (i)-bromo-2-hydroxy-4-methylquinoline  : 

CHgBr 

N 

The  seuii-enolic  formula,  CO<C.,j|^C*OH,  proposed  by  Staudinger 

and  Bereza  agrees  better  than  the  diketonic  foimula,  CO-^^po'^CO, 

with  the  molecular  volume,  refractive  index,  and  dispersion  of  the 
substance,  as  we  shall  show  lat^r;  but  we  can  find  no  chemical 
evidence  for  it.  cyc^oButan-1 :  3-dione  does  not  appear  to  react 
with  sodium,  with  acetyl  chloride,  or  with  phenylcarbimide.  In 
fact,  a  mixture  of  it  with  phenylcarbimide  may  be  separated  into 
its  constituents  by  fractional  distillation.  It  may  be  mentioned, 
however,  in  this  connexion  that  the  substance  gives  a  red  colour 
with  ferric  chloride  in  alcoholic  solution.     The  semi-enolic  formula 
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is  also  inconsistent  with  the  reaction  with  phenylhydrazine,  this 
substance  reacting  normally  with  j8-diketones,  which  can  exist  in  the 
semi-enolic  form  to  form  a  pyrazole  ring.  The  reaction  with  phenyl- 
hydrazine  is  supported  by  that  with  semicarbazide,  two  molecular 
proportions  of  which  react  with  cycZobutan-1 :  3-dione  to  form  a 
semicarbazone-semicarbazide  of  acetoacetic  acid: 

CH2<g^>CH2  +  2CO-N3H5  = 

HgO  +  CH3-C(:N-NH-C0-NH2)-CH2-C0'NH-NH-C0-NH2. 

Dry  ammonia  combines  vnth  cycZobutan-l :  3-dione  at  low  tem- 
peratures to  form  acetoacetamide,  previously  prepared  by  Claisen 
and  Meyer  (Ber.,  1902,  35,  583)  by  the  prolonged  action  of  dilute 
aqueous  ammonia  on  acetoacetic  ester : 

CH2<^^>OH2  +  NHg  =  CH3-CO-CH2-CO-I^H2. 

By  the  further  action  of  dry  ammonia,  acetoacetamide  is  converted 

into  a  yellow  oil.     This  oil  could  not  be  purified,  but  it  appeared 

to  consist  mainly  of   the  hitherto  non-isolated  amide  of  iS-amino- 

crotonic  acid,   CH3'C(NH2)ICH*CO*NH2,   for,  on   heating  it   in   a 

current   of   dry  hydrogen,  a   crystalline  substance    was    produced, 

melting   at   197°,    and   having  the    empirical  formula   CgHigOgNg. 

From  analogy  to  the  condensation  of  acetoacetamide  described  by 

Claisen  and  Meyer,  this  crystalline  substance  is  probably  4-ammo- 

2:4-  dimethyl  -  A^  -  tetrahydro-6-pyridone-3-carbox7/lamide,     formed 

thus: 

NHg     CHg  NHo     CH3 

\/  \/ 

0  C 

NH2.CO.CH  ^CH    ^  ^  NH.-C0.C^CH2  • 

CH3.C.NH2  CO  /         -^g^.y      ^^^ 


NH2  ^jj 

From  its  reactions  the  stability  of  the  cj/cZobutan-1 :  3-dione  ring 
is  thus  seen  to  be  very  small,  even  when  compared  with  that  of 
cyc/obutane  prepared  by  Willstatter  and  Bruce  (Ber.,  1907,  40, 
3979).  In  fact,  the  substance  behaves  as  if  the  ring  were  not 
completely  closed,  that  is  to  say,  as  if  its  constitution  were : 

)H,-CO- 


I 


O-CHg- 


Since,  however,  there  is  no  precedent  for  such  a  formula  as  this, 
we  are  not  prepared  seriously  to  propose  it. 

The  action  of  Grignard's  reagent  (in  this  case  magnesium  methyl 
iodide)  gave  for  the  most  part  only  by-products  which  could  not  be 
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identified,  but  there  was  some  indication  of  the  formation  of 
diacetone  alcohol,  which  was  probably  produced  somewhat  as 
follows : 

^"2\cMe(OH)^'"^2    — ^    ^^2\cMe(OH)-CH3- 
Reduction  of  cyc?obutan-l :  3-dione  with  hydrogen  in  the  presence 
of   platinum  black   gave    an  unlooked-for  result,    72-butyraldehyde 
being  formed.     The  reaction  may  possibly  take  place  in  the  following 
stages : 

or  C4H402  +  6H  =  CH3-CH2-CK3'CHO  +  H20. 

As  the  intermediate  compounds  have  not  been  isolated,  it  is  not 
possible  to  say  exactly  at  what  stage  the  ring  is  broken.  The 
elimination  of  water  would  be  facilitated  by  the  dehydrating  action 
of  unchanged  cyc^obutan-1 :  3-dione. 

The  further  polymerisation  of  cyc^obutan-1  :  3-dione  to  de- 
hydracetic  acid  may  perhaps  be  represented  by  the  following 
scheme,  although  many  others  are  possible,  especially  if  cyc^obutan- 
1 :  3-dione  be  given  the  open-chain  structure  suggested  above : 

co<^52>cx)+h:c<^^>ch2  = 


co<^{j2>c:c<gg>CH2  +  H2O = co<ch'^  c(oh):c<^^ch2 

=  CH3-CO-CH2-C<g5jgo>^H2. 

Collie's  formula  for  dehydracetic  acid  (Trans.,  1891,  59,  179) 
has  here  been  chosen.  The  condensation  would  be  much  more 
difficult  to  follow  if  dehydracetic  acid  had  the  formula  assigned  to 
it  by  Feist  (Annalen,  1890,  257,  253). 

Much  work  has  been  done  with  a  view  to  discovering  the  con- 
stitution of  the  yellow  substance  which  is  formed  from  cyc/obutan- 
1 :  3-dione  in  the  presence  of  quinoline ;  but,  on  account  of  the 
small  quantity  available,  not  much  success  has  been  obtained. 

In  our  former  paper  we  stated  that  "  acetylketen  "  combined 
with  sodium  ethoxide  in  dry  alcohol  to  form  sodium  ethylaceto- 
acetate,  which,  on  boiling  with  hydrochloric  acid,  gave  carbon 
dioxide  and  methyl  propyl  ketone.  Since  the  polymeride  of  keten 
is  in  reality  cyc/obutan-1  :  3-dione,  the  compound  formed  with 
sodium   ethoxide  must   have  been    sodium  butyrylacetate,    which, 
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however,   would   also   give  methyl   propyl  ketone  on  boiling  with 
hydrochloric  acid : 

CH2<^Q>CH2  +  NaO-CaHg  =  CHg-CHj-CHa-CO-CHg-COaNa 

CH3-CH2-CH2-CO-CH2-C02Na  +  HCl  = 

NaCl  +  CO2  +  CH3-CH2-CH2-CO-CH3. 

We  propose  to  study  this  type  of  reaction  more  fully. 

cyc/oButan-1 :  3-dione  does  not  react  with  hydrocyanic  acid,  even 
when  the  two  substances  are  heated  on  the  water-bath  in  sealed 
tubes,  and  it  does  not  react  with  liquid  cyanogen  at  the  ordinary 
temperature. 

Experimental. 

Preparation  of  cycloButan-l :  3-dione. 

We  have  not  succeeded  greatly  in  improving  the  yield  of  cyclo- 
butan-1 :  3-dione,  about  5  grams  from  150  grams  of  acetic  anhydride 
being  the  best  hitherto  obtainable.  It  is  not  necessary  to  frac- 
tionate the  crude  keten,  beyond  allowing  the  temperature  to  rise 
to  about  —  80°  to  —  70°,  before  distilling  it  into  the  pressure  tubes. 
There  seems  to  be  little  risk  of  explosion  if  the  tubes  are  carefully 
made,  and  they  may  be  handled  with  safety  after  polymerisation 
has  taken  place,  as  the  internal  pressure  will  then  have  diminished. 
They  should,  however,  be  re-cooled  to  about  —80°  before  being 
opened,  or  loss  of  substance  may  be  caused  by  the  rush  of  gas. 
Diluting  the  keten  with  ether  to  diminish  the  violence  of  the  poly- 
merisation did  not  noticeably  improve  the  yield;  but,  on  the  other 
hand,  surrounding  the  tube  containing  the  keten  with  a  bath  of 
alcohol  cooled  to  —30°,  or  lower,  and  allowing  the  whole  slowly 
to  attain  the  temperature  of  the  room,  materially  reduced  the 
formation  of  brown  resins.  To  ensure  complete  polymerisation,  the 
tubes  should  be  kept  for  a  day  or  two  before  being  opened.  The 
distillation  of  the  cycluh\\ia,n-l :  3-dione  is  conveniently  carried  out 
under  about  30  mm.  pressure,  when  the  bulk  of  the  substance  passes 
over  as  the  temperature  of  the  bath  rises  from  40°  to  60°.  The 
temperature  should,  however,  finally  be  raised  to  about  100°.  The 
liquid  then  remaining  in  the  distilling  flask  consists  of  dehydracetic 
acid  and  brown  resins.  The  distilling  flask  should  be  heated  by  a 
water-  or  oil-bath,  and  not  by  a  naked  flame,  or  the  distillate 
may  be  contaminated  with  decomposition  products  from  tlie  residue. 
The  whole  apparatus  should,  of  course,  be  carefully  dried  and  filled 
with  dried  air  before  commencing  the  distillation;  and  only  dried 
air  should  be  allowed  to  enter  the  apparatus  during  and  at  the 
close  of  the  operation.  These  precautions  are  especially  necessary 
when  it  is  intended  to  study  the  physical  properties  of  the  sub- 
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stance.  The  preparation  of  cyc^obutan-1 :  3-dione  may  be  recom- 
mended as  a  useful  exercise  for  students  in  laboratories  where  a 
supply  of  liquid  air  is  available. 


Physical  Properties  of  cycloButan-1 :  3-dione. 

We  have  confirmed  the  boiling  point  of  cycZobutan-l :  3-dioue 
under  760  mm.  pressure  previously  given.  Under  100  mm.  pressure 
the  substance  boils  at  69 — 71°  (corr.).  The  freezing  point  of  a 
carefully  prepared  sample  was  found  to  be   —  7'9°  to  —  7"5°. 

The  density  of  two  samples  of  the  substance  was  determined  at 
various  temperatures.  As  a  mean  of  four  weighings  (0'7432,  0'7433, 
0'7432,  07433),  the  pyknometer  contained  0*74325  gram  of  water 
weighed  in  air  at  18°.  The  weights  of  cyc/obutan-1 :  3-dione  and 
the  densities  calculated  from  these  were  as  follows : 

t.  Weight  of  substance  in  air.  ^Sf. 

I.  II.  I.  II. 


9-5° 

^ 

0-8238 

' 

1-1069 

10-5 

0-8226 

1  1053 

141 

0-8196 

1-1012 

14-3 

0-8193 

1-1008 

17  7 

0-8165 

1-0969 

18-7 

0-8157 

1-0958 

21-6 

0-8130 

10921 

22-7 

0-8123 

1-0912 

25-3 

0-8098 

1-0877 

26-7 

0-8088 

1-0864 

29  3 

0-8064 

10830 

The  temperatures  were  measured  by  means  of  a  thermometer 
which  had  been  carefully  compared  with  a  standard  thermometer 
from  the  International  Bureau  of  Weights  and  Measures,  and  they 
have  been  corrected  to  the  hydrogen  scale.  The  densities  in  each 
series  lie  very  nearly  on  a  straight  line,  but  there  is  a  difference  of 
from  2  to  4  parts  in  10,000  between  the  two  series.  The  density 
at  23°,  given  in  our  previous  paper,  is  in  line  with  those  in  the 
first  series.  Taking  the  mean  of  the  two  series  by  graphic  inter- 
polation, the  density  of  cyc^obutan-1 :  3-dione  between  10°  and  30° 
is  given  by  the  equation : 

,8,  =  MOOO  -  000I18(<  -  15°). 

Taking  the  molecular  weight  as  84'03,  the  molecular  volume  at 
15°  is  7639.  Assuming  Traube's  values  for  the  atomic  volumes  at 
15°  (Traube,  GruTKfriss  der  phj/sikalischen  Chemie,  1904,  p.  120; 
Smiles,  Chemical  Constitution  and  Physical  Proptrfics,  1910,  p. 
125):  C  =  9-9;H  =  31;  Oco  =  5-5;Ooh  =  2-3  ;  ring  formation  =   -81, 
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and  molecular  co-volume  =  25*9,  we  obtain  the  following  calculated 
values : 

M.V.  15. 
/CO. 
CHaC        >CH2 80-8 

\co/ 

/CO— v^ 
CH2<  >CH    77-5 

^C(OH)^ 

^C(OH). 
CHf  >CH 74-4 

\C(OH)^ 

CH,*CO-CH:CO 88-9 

Found 76-4 

This  property  is  therefore  decisively  in  favour  of  a  cyclic  formula. 
The  enolic  formulae  appear  to  agree  better  than  the  diketonic 
formula,  but  it  is  quite  possible  that  the  contraction  due  to  the 
formation  of  the  cyc^obutane  ring  is  more  than  8'1  units,  this 
number  having  been  obtained  mainly  from  a  study  of  benzenoid 
substances. 

The  refractive  index  of  c//cZobutan-l :  3-dione  has  been  re- 
determined, using  portions  of  the  two  samples  Just  mentioned,  with 
the  result  that  the  value  for  the  D  line  given  in  our  former  paper 
would  seem  to  have  been  too  low.  This  may  have  been  due  to  the 
precautions  to  exclude  moisture  having  been  insuflficient.  The 
densities  were  interpolated  from  the  values  given  above : 


First  Samfle. 

Line. 

C 

A 

G' 

t. 
18-7° 
19-2 
18-7 

N. 
1-43490 
1-43769 
1-45179 

Second  Sample 

45.. 
10!>57 
10951 
10957 

M.R. 

20-007 
20-131 
20-680 

C 
G' 

18-6" 
18-3 
18-7 

1-43547 
1-43877 
1-45236 

1-0958 
10961 
1-0957 

20-029 
20-157 
20-702 

Both  sets  of  numbers  give  as  the  value  for  the  molecular 
"  dispersion,"  0'673.  For  comparison,  the  values  for  the  molecular 
refractivities  and  dispersion,  calculated  from  the  atomic  refrac- 
tivities  given  in  Landolt  and  Bernstein's  "  Tab  ell  en"  for  the 
various  isomeric  formulae,  will  be  found  in  the  table  herewith : 


/CO. 

C. 

A 

G'-C. 

'^"<oo>''"^ 

18-53 

18-78 

0-47 

/-co-. 
ch/        >ch 

19-54 

19-72 

0-64 

/C(OHk 

CHf            ^CH 

\C(OH)<^ 

20-56 

20-66 

0-80 

CHj-CO-CHtCO 

20-36 

20-49 

0-70 

Found 

20-02 

20-14 

0  67 
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From  these  figures  it  would  appear  that  of  the  possible  ring 
formulae  the  semi-enolic  modification  is  the  most  probable.  The 
very  unsaturated  nature  of  the  substance,  however,  makes  it 
legitimate  to  assume  the  existence  of  an  exaltation  of  the  refractive 
index  and  dispersion  which  would  raise  the  values  calculated  for 
the  diketonic  formula  by  an  amount  rather  less  than  that  due  to  a 
double  bond. 

The  study  of  the  absorption  spectrum  has  been  kindly  repeated 
for  us  by  Professor  E.  C.  C.  Baly,  using  various  thicknesses  of  a 
O'l  molar  solution  in  dry  ether.  The  result  was  to  confirm  the 
observation  of  Mr.  H.  E.  Watson  given  in  our  former  paper. 
There  was  no  selective  absorption,  and  only  a  slight  general 
absorption  in  the  ultra-violet. 

Analysis  of  cycloB it f a n-1 :  3-dione.~ -As  a  further  check  on  the 
composition,  a  third  analysis  of  the  substance  was  made : 

01298  gave  0-2704  CO,  and  00599  Hp.     0  =  568;  H  =  5-l. 
C^H^Oo  requires  C  =  571;   H  =  4'8  per  cent. 

Action  of  Alcohol  on  cjc\oButan-l :  3-dione. — As  stated  earlier 
in  the  paper,  ci/clohnta,n-l :  3-dione  combines  with  ethyl  alcohol  in 
the  presence  of  a  trace  of  mineral  acid.  To  about  0*5  gram  of  the 
compound  dissolved  in  ethyl  alcohol,  a  small  quantity  of  a  dilute 
alcoholic  solution  of  sulphuric  acid  (ethylsulphuric  acid)  was  added. 
After  two  days  the  odour  of  ci/clohuta,n-l :  3-dione  had  disappeared. 
The  free  acid  was  neutralised  by  shaking  with  moist  calcium 
carbonate,  and  the  mixture  was  dried  with  calcium  chloride,  filtered, 
and  distilled — towards  the  end  under  diminished  pressure.  The  last 
fraction  had  the  odour  of  acetoacetic  ester,  gave  the  characteristic 
violet  colour  with  aqueous  ferric  chloride,  and  boiled  at  182°/ 
760  mm.  (corr.),  pure  acetoacetic  ester  boiling  at  181°. 

Action  of  Bromine  on  cjcloButan-l :  S-dione :    y-Bromoacetoacetyl 

Bromide. 

In  order  to  study  the  action  of  bromine  on  cyf?obutan-l :  3-dione, 
these  substances  were  diluted  with  carbon  tetrachloride,  which  had 
been  dried  over  calcium  chloride  and  distilled.  The  bromine  was 
purified  by  washing  with  aqueous  potassium  bromide  and  then 
with  water,  and  distilling  from  phosphoric  oxide.  In  a  preliminary 
experiment  a  dilute  solution  of  cyc/obutan-1 :  3-dione  was  titrated 
with  a  bromine  solution,  using  the  colour  of  the  bromine  as 
indicator.  The  strength  of  the  bromine  solution  was  found  in 
the  usual  way  by  shaking  with  aqueous  potassium  iodide  and 
titrating  with  thiosulphate.  The  titration  of  the  cyr/obutan-l :  3- 
dione  was  not  very  sharp,  as  towards  the  end  the  reaction  became 
very  slow,  but  it  was  sufficient  to  show  that  the  substances  reacted 
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in    molecular    proportions.      0384   Gram   of  cyclohuta,n-l :  3-dione 
required  0'707  gram  of  bromine,  whilsfc  according  to  the  equation 
C4H4O2  +  Brg  =  C4H402Br2,  0732  gram  should  have  been  used.     To 
carry  out  the  bromination  on  a  larger  scale,  cycZobutan-1 :  3-dione, 
in  weighed  quantities  of  from  2  to  5  grams,  was  dissolved  in  about 
50  c.c.   of  carbon  tetrachloride  contained  in  a  100  c.c.  measuring 
flask.     An  equivalent  amount  of  bromine,  dissolved  in  20  to  30  c.c. 
of  carbon  tetrachloride,  was  then  run  in  very  slowly  from  a  burette, 
the  flask  meanwhile  being  kept  immersed  in  cold  water  and  well 
shaken.     The  reaction  appeared  to  be  over  when  a  little  more  than 
95  per  cent,  of  the  bromine  had  been  added.     The  solution  of  the 
acid  bromide  fumed  strongly  on  contact  with  moist  air,  and  reacted 
vigorously  with  water,  giving  hydrobromic  acid.     To  prepare  the 
ester,   alcohol,   which  had  been  dehydrated  by   means  of   metallic 
calcium,   was  added   to   the  solution    of   the    acid    bromide.     The 
substances  reacted  at  once  with  evolution  of  heat,  and  the  hydrogen 
bromide   which    was   formed,  being   much    less   soluble   in    carbon 
tetrachloride   than  in   the   ester,    "  salted  out  "  the   latter,    which 
formed  a  light  brown  layer  on  top  of  the  tetrachloride.     We  have 
found  that  the  same  thing  occurs  if  carbon  disulphide  is  used  as 
solvent  in  place  of  the  tetrachloride.     This  phenomenon  must  have 
been  observed  in   brominating   ethyl  acetoacetate  in  the  ordinary 
way,  but  we  have  not  seen  it  mentioned.     On  shaking  the  mixture 
with  water,  the  ester  at  once  dissolved  in  the  carbon  tetrachloride. 
The  washing  with  water  was  continued  until  all  free  acid  had  been 
removed.     The  solution  was  then  dried  over  calcium  chloride,  the 
carbon  tetrachloride  and  any  alcohol  remaining  were  evaporated, 
and  the  residue  was  distilled  under  10  mm.  pressure,  the  bulk  of 
the  ester  passing  over  between  110°  and  115°.     This  is  about  15° 
lower  than  the  boiling  point  of  the  y-bromoacetoacetic  ester  under 
10  mm.  pressure   given   by  Epprecht   (Annalen,    1894,  278,    77); 
but,  as  this  author  does  not  state  that  the  mercury  in  his  manometer 
had  been   properly  boiled   ovit,  the  pressure  in  his  apparatus  was 
probably  rather  higher.     The  presence  of  bromine  in  the  ester  was 
proved  by  warming  with  dilute  sodium  hydroxide,  sodium  bromide 
being  formed.     With  copper  sulphate  and  sodium  acetate,  a  bright 
green  copper  salt  was  produced.     The  y-position  of  the  bromine  in 
the  ester  was  also  shown  by  the  reaction  with  thiocarbamide,   as 
described  by  Epprecht  (loc.  cit.),  ethyl   2-aminothiazolyl-4-acetate, 
melting  at  93 — 94°,  being  obtained  according  to  the  equation  : 

CHaBr-CO-CH^-COgEt  +  CS(NH2)2  = 

s ni 

6(NH,):N>^'^^=^*^^2Et  +  HBr  +  H,0. 
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Ethyl  o-bromoacetoacetate  would  have  given  with  thiocarbamide, 
ethyl  2-amin(>4-methylthiazole-5-carboxylate,  melting  at  175° : 
S-C{CO,Et) 
C(NH,)-N>^  ^^- 

It  is  well  kxiown,  however,  that  in  certain  circumstances  the 
o-bromo-ester  may  be  converted  into  the  y-bromo-ester  by  the  action 
of  hydrogen  bromide,  and  it  occurred  to  us  that  this  might  possibly 
have  taken  place  when  the  alcohol  was  added  to  the  acid  bromide. 
The  '■  salting  out "  of  the  ester  by  the  hydrogen  bromide  would 
certainly  facilitate  such  an  interchange.  Accordingly,  the  synthesis 
of  the  ester  was  repeated  in  a  slightly  different  way.  The  solution 
of  the  acid  bromide  was  run  very  slowly  into  excess  of  alcohol,  in 
which  finely  ground,  dry  sodium  acetate  was  suspended,  the  mixture 
being  kept  well  stirred  during  the  process.  The  bromination  of 
the  cycloh\xta.n-\  :  3-dione  and  the  reaction  with  alcohol  were  both 
carried  out  at  0°.  This  time  no  '"  salting  out  "  of  the  ester  took 
place.  The  solution  was  washed  with  water,  dried,  and  concentrated 
as  before,  but  the  ester  was  distilled  under  5  mm.  pressure,  and 
passed  over  below  100°,  leaving  only  a  very  small  residue  in  the 
distilling  flask.  The  yield  of  ester  was  about  75  per  cent,  of  that 
calculated  from  the  weight  of  cyc^butan-l :  3-dione  taken.  The 
ester  thus  obtained  was  quite  colourless.  The  thiazole  derivative 
was  also  very  nearly  colourless,  but  it  melted  as  before  at  93° 
(corr.),  even  after  repeated  recrystallisation  from  ether. 

To  prepare  y-bromoacetoacetanilide,  a  little  less  than  one 
molecular  proportion  of  aniline  dissolved  in  carbon  tetrachloride 
w^s  added  slowly  to  a  solution  of  y-bromoacetoacetyl  bromide  in 
the  same  solvent.  The  anilide  separated  at  once  in  the  form  of 
an  almost  white  precipitate,  which,  after  washing  with  water  and 
drying,  melted  at  about  134°.  On  recrystallising  from  alcohol, 
colourless  crystals  were  obtained,  which  melted  and  decomposed  at 
138°  (corr.),  as  given  by  Knorr  (Annalen,  1886,  236,  79)  for  the 
bromoacetoacetanilide  which  he  obtained  by  brominating  aceto- 
acetanilide.  The  identification  was  confirmed  by  taking  a  mixed 
melting  point  with  a  sample  of  bromoacetoacetanilide  prepared  by 
Knorr's  method.  When  more  than  one  molecular  proportion  of 
aniline  was  added  to  the  acid  bromide,  the  second  bromine  atom  was 
also  attacked,  and  tarry  substances  were  formed,  from  which  a  pure 
product  could  not  be  isolated.  On  dissolving  the  bromoaceto- 
acetanilide in  cold  concentrated  sulphuric  acid,  keeping  the  solution 
overnight,  and  then  pouring  into  water,  bromo-2-hydroxy-4-methyl- 
quinoline  was  precipitated,  which,  after  recrystallising  from  alcohol 
and  drying,  formed  the  curious  felt>like  mass  described  by  Knorr, 
which   melted   and   decomposed  at  260°   (corr.).     Knorr  (loe.   cit.. 
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p.  92)  gives  the  melting  point  as  "  circa  258°."  For  comparison,  a 
sample  of  bromo-2-hydroxy-4-metliylquinoline  was  prepared  by  the 
other  method  described  by  Knorr  (loc.  cit.,  p.  91).  2-Hydroxy- 
4-methylquinoline,  obtained  by  digesting  acetoacetanilide  in  the 
cold  with  concentrated  sulphuric  acid,  was  suspended  in  warm 
water,  and  to  the  mixture  bromine  water  was  added  until  a  per- 
manent yellow  colour  was  produced,  slightly  more  than  one  molecular 
proportion  of  bromine  being  required.  The  resulting  bromo- 
2-hydroxy-4-methylquinoline  was  washed  with  water  and  re- 
crystallised  repeatedly  from  alcohol.  In  appearance  it  was  indis- 
tinguishable, even  under  the  microscope,  from  the  bromohydroxy- 
methylquinoline  prepared  from  bromoacetoacetanilide,  but  it 
melted,  apparently  without  decomposing,  at  273 — 275°  (corr.), 
although  it  began  to  soften  at  269 — 270°.  A  mixture  of  the  two 
preparations  melted  at  240°. 

The  y-bromoacetoacetyl  bromide  was  evidently  an  unstable  sub- 
stance, as  its  solutions  began  to  turn  brown  after  a  few  hours. 
Nevertheless  an  attempt  was  made  to  isolate  it  in  a  pure  state.  A 
solution  of  it  in  carbon  tetrachloride  was  prepared  as  before, 
starting  with  about  5  grams  of  cycZobutan-1 :  3-dione.  The  carbon 
tetra<;hloride  was  removed  by  distilling  under  diminished  pressure 
(100  to  30  mm.),  and  the  liquid  remaining  in  the  flask  was  distilled 
under  5  mm.  pressure  in  a  current  of  dry  hydrogen.  Between  1  and 
2  grams  of  an  oily  liquid  passed  over  between  105°  and  110°,  but 
hydrogen  bromide  was  evolved  at  the  same  time,  and  a  large 
amount  of  a  dark-coloured  residue  remained  in  the  flask.  The 
liquid  appeared  colourless  while  on  the  end  of  the  condenser  tube, 
but  was  light  brown  when  observed  in  the  test-tubes  placed  to 
collect  it.  The  best  sample  was  sealed  up  as  quickly  as  possible. 
It  gradually  darkened  on  keeping,  and  after  a  few  days  was  nearly 
opaque.  The  other  samples  reacted  vigorously  with  water,  with 
alcohol,  and  with  aniline,  and  fumed  strongly  in  moist  air.  The 
residue  in  the  distilling  flask  appeared  to  consist  largely  of  free 
carbon.  A  small  proportion,  however,  was  soluble  in  chloroform, 
and  the  solution,  when  placed  on  the  skin  and  washed  with  water, 
gave  rise  to  a  brilliant  violet  stain,  which  was  very  stable. 


Action  of  Semicarhazide  on  cyc\oButan-\  :  3-dione. 

To  prepare  the  semicarhazide  derivative,  ct/ cl ohuta,n-l :  3-diono 
was  treated  with  an  aqueous  solution  of  semicarhazide  hydrochloride 
containing  an  excess  of  sodium  acetate.  A  crystalline  precipitate 
was  formed  on  keeping,  which  separated  from  warm  water  in  small, 
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rhombic  (?)  crystals,  melting  and  decomposing  slightly  at 
217 — 218°.  The  substance  was  insoluble  in  non-aqueous  solvents, 
but  was  very  soluble  in  dilute  hydrochloric  acid,  and  from  this 
solution  platinic  chloride  precipitated  a  sparingly  soluble  platini- 
chloride.  Owing  to  the  small  solubility  of  the  base  in  cold  water, 
and  to  the  fact  that  it  was  decomposed  by  boiling  water,  the 
molecular  weight  could  not  be  determined.  Analysis,  however, 
showed  that  it  was  the  semicarhazone-semicarhazide  of  acetoacetic 
acid : 

0-1210  gave  0-1448  CO,  and  0-0626  HgO.     0  =  326;  H  =  5-6. 

0-1135     „     0-1388  CO2     „    0-0570  HoO.     0  =  33-4;  H  =  5-6. 

01106     „  371  CO.  No'Cdry)  at  17°  and  751  mm.     N  =  390. 
O^HioOaNc  requires  0  =  33-3;  H  =  5-6;  N  =  38-9  per  cent. 


Action  of  Ammonia  on  cjcloB utan-l :  3-dione. 

To  follow  the  reaction  with  ammonia,  ryc?obutan-l :  3-dione  in 
quantities  of  about  3  grams  was  dissolved  in  dry  ether  and  placed 
in  a  U-tube,  which  was  immersed  in  a  freezing  mixture  of  ice  and 
salt,  kept  at  —10°  to  —15°.  A  slow  current  of  ammonia  gas, 
produced  by  warming  aqueous  ammonia,  and  dried  by  passing  first 
through  a  50  pgr  cent,  solution  of  potassium  hydroxide  and  then 
over  freshly  ignited  lime,  was  then  passed  through  the  solution  in 
the  U-tube.  Almost  immediately  a  solid  substance  commenced  to 
separate  out ;  but  after  about  twenty  minutes  oily  drops  of  a  yellow 
colour  began  to  make  their  appearance.  The  reaction  was  then 
stopped,  and  the  solid  substance  was  quickly  scraped  on  to  a  porous 
plate,  which  had  previously  been  cooled  to  0°.  If  the  temperature 
was  allowed  to  rise,  or  if  the  action  of  the  ammonia  was  prolonged, 
the  solid  was  completely  converted  into  the  yellow  oil,  from  which 
it  could  not  again  be  recovered.  The  solid  substance,  after  drying 
on  the  porous  plate,  was  usually  pure  (m.  p.  54°,  corr.).  It  was 
insoluble  in  ether,  but  very  soluble  in  water,  alcohol,  or  glacial 
acetic  acid.  It  could,  however,  be  recrystallised  most  conveniently 
from  a  mixture  of  acetone  and  light  petroleum.  The  crystals  were 
colourless.  The  aqueous  solution  gave  the  violet  colour  characteristic 
of  acetoacetic  ester.  On  warming  with  aqueous  alkalis,  ammonia 
was  evolved,  and  if  this  solution  was  boiled  with  hydrochloric  acid, 
carbon  dioxide  and  acetone  were  given  off,  the  latter  being  identified 
by  the  iodoform  reaction,  the  alkaline  mercuric  chloride  test,  and 
the  formation  with  benzaldehyde  of  distjryl  ketone,  melting  at  112° 
(corr.).  Heating  the  substance  directly  with  hydrochloric  acid 
caused    decomposition   with    formation  of    brown  compounds.     On 
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adding  ammoniacal  copper  sulphate  to  the  aqueous  solution  of  the 
substance  and  neutralising  the  ammonia,  a  green  cojfper  salt  was 
formed : 

0-1071  gave  0-1871  COg  and  0-0667  HgO.     C  =  47-6;  H  =  6-9. 
0-0765,  in  19-59  glacial  acetic  acid,  gave  A^  =  -  0-157°.     M.W.  =  97. 
0-0798,  „  19-59       „  „  „      „     A«= -0-158°.     M.W.  =  101. 

C4H7O2N  requires  C  =  47-5;  H  =  6-9  per  cent.     M.W.  =  101. 

The  substance  is  therefore  identical  with  the  acetoacetamide 
described  by  Claisen  and  Meyer  (Ber.,  1902,  35,  583),  for  which, 
however,  they  give  a  melting  point  of  50°.  They  did  not  determine 
the  molecular  weight. 

The  yellow  oil  formed  by  the  further  action  of  ammonia  on 
acetoacetamide  appears  to  bear  some  resemblance  to  the  substance 
obtained  by  Duisberg  {Annalen,  1882,  213,  174)  by  the  action  of 
ammonia  on  acetoacetic  ester,  from  which,  however,  this  author  was 
unable  to  isolate  a  compound  having  a  definite  composition.  It  is 
best  prepared  by  the  prolonged  action  of  ammonia  on  cycZobutan- 
1:  3-dione  at  —10°  to  —15°.  If  the  reaction  is  started  at  the 
ordinary  temperature,  much  heat  is  evolved,  and  coloured  decom- 
position products  are  formed.  The  U-tube  may,  however,  be 
removed  from  the  freezing  mixture  as  soon  as  all  the  solid  aceto- 
acetamide has  disappeared.  The  oil  thus  obtained  always  contained 
excess  of  ammonia,  which  could  not  be  completely  removed,  even 
by  passing  a  current  of  dry  hydrogen  through  it  for  many  hours, 
or  by  leaving  it  over  sulphuric  acid  in  a  vacuum  desiccator  for 
several  months,  although  the  pressure  was  sometimes  reduced  to 
2  to  3  mm.  As  it  was  not  soluble  in  any  solvents  which  did  not 
mix  with  water,  it  could  not  be  purified  by  washing.  It  was 
readily  soluble  in  water  or  alcohol,  less  readily  so  in  acetone,  and 
insoluble  in  ether,  benzene,  light  petroleum,  chloroform,  or  carbon 
tetrachloride.  On  exposure  to  moist  air,  a  crystalline  substance 
was  formed,  which,  after  drying  on  a  porous  plate,  melted  at  147°. 
A  quantity  of  this  sufficient  for  an  analysis  could  not,  however,  be 
obtained.  On  passing  a  current  of  dry  hydrogen  through  the  yellow 
oil  at  110°,  ammonia  and  water  were  given  off.  At  the  end  of  an 
hour  the  substance  had  become  very  viscous,  and  a  portion  taken 
out  on  a  glass  rod  solidified  on  cooling.  The  remainder  was  then 
washed  out  of  the  tube  with  warm  acetone,  and,  on  cooling  the 
solution,  a  colourless,  crystalline  compound  separated  out,  which 
melted  at  197°  (corr.).  Recrystallisation  from  acetone  did  not 
alter  the  melting  point.  The  compound  was  readily  soluble  in 
water,  alcohol,  or  glacial  acetic  acid,  sparingly  so  in  cold  acetone, 
and  insoluble  in  ether,  benzene,  or  light  petroleum.  On  warming 
with  aqueous  alkalis,  ammonia  was  evolved.     For  a  quantitative 
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estimation  of  the  ammonia,  the  substance  was  distilled  with 
2^V-potassium  hydroxide  solution,  the  ammonia  being  caught  in 
standard  acid : 

01133  gave  0-2176  COg  and  00743  HoO.     C  =  52-4;  H  =  7-3. 
0-1063     „  21-5  c.c.  N2  (moist)  at  19°  and  752-8  mm.     N  =  22-9. 
0-0765,  in  17*75  glacial  acetic  acid,  gave  lt=  -  0-092°.     M.W.  =  183. 
00989,  „  17-75       „  „  „        „     A«=-0128°.     M.W.  =  170. 

CgHisOoNa  requires  C  =  52-5;  H  =  7-l;  N  =  22-9  per  cent. 
M.W.  =  183. 

0-2369  gave  00233  KEg,  that  is,  183  grams  CgHisOgNa  gave 
180  grams  NH3. 

As  stated  on  p.  1982,  we  consider  the  substance  to  be  A-amino- 
2:  A-diinethyl-l^-tetrahydro-Q-pyridone-Z-carhoxylaTnide,  183  grams 
of  which  should  give  17  grams  of  ammonia  on  distilling  with  dilute 
alkalis.  On  acidifying  the  alkaline  solution  from  which  the 
ammonia  had  been  distilled  with  nitric  acid,  the  free  4-amino- 
2  :  4-dimethyl-A--tetrahydro-6-pyridone-3-carboxylic  a<;id  was  not  pre- 
cipitated, but  the  silver  and  barium  salts  appeared  to  be  insoluble 
in  water.  We  propose  to  prepare  larger  quantities  of  the  amide 
from  acetoacetamide  obtained  by  Claisen  and  Meyer's  method  (loc. 
cit.). 

Action  of  Grignard's  Reagent  on  cjcioButan-l :  S-dione. 

To  study  the  action  of  Grignard's  reagent  (magnesium  methyl 
iodide),  from  3  to  4  grams  of  cycZobutan-1 :  3-dione  were  dissolved 
in  about  50  c.c.  of  dry  ether  contained  in  a  large  test-tube,  and 
rather  more  than  two  molecular  proportions  of  the  reagent,  dis- 
solved in  about  100  c.c.  of  ether,  were  placed  in  a  second  tube  of 
about  200  c.c.  capacity.  The  reagent  was  kept  at  —  78°  by  means 
of  a  bath  of  solid  carbon  dioxide  and  alcohol,  and  the  solution  of 
cyc/obutan-1 :  3-dione  was  cooled  to  about  —  50°,  a  lower  tem- 
perature than  this  causing  the  solute  to  crystallise  out.  The 
reagent  was  kept  vigorously  stirred  by  means  of  a  current  of  air 
dried  over  phosphoric  oxide,  and  the  solution  of  cyc^obutan- 
1 :  3-dione  was  run  in  very  slowly  in  a  fine  stream  by  means  of  a 
wash-bottle  arrangement,  dry  air  under  pressure  being  used  to  drive 
the  liquid  over.  Even  at  the  low  temperature  of  —  78°,  a  bright 
yellow  precipitate  was  at  once  formed.  On  allowing  the  tem- 
perature to  rise,  the  precipitate  turned  brownish-red  at  about 
—  40°,  and  became  almost  black  above  0°.  In  this  condition  only 
resinous  substances  appeared  to  be  formed  when  the  mixture  was 
run  into  ice-water.  It  was  found  preferable  to  add  the  ethereal 
mixture  slowly,  as  soon  as  it  had  reached  —  40°  to  —  30°,  to  a 
2i\' -sulphuric  acid  solution,  containing  a  slight  excess  of  acid,  which 
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was  kept  partly  frozen  during  the  mixing  by  a  freezing  mixture. 
At  the  end  of  the  reaction,  the  ethereal  solution  was  separated, 
and  the  aqueous  solution  was  shaken  with  fresh  ether,  which  was 
added  to  the  first.  The  ethereal  solution  was  dried  over  calcium 
chloride  and  distilled,  the  pressure  being  reduced  to  50 — 60  mm. 
after  the  ether  had  been  removed.  A  small  amount  of  liquid 
passed  over  at  80 — 100°,  and  a  few  drops  of  a  bright  yellow  liquid, 
having  a  pleasant  aromatic  odour,  at  180 — 200°.  The  last  portion 
of  this  yellow  liquid  solidified  in  the  condenser  tube  on  cooling  to 
yellow  needles,  which,  after  drying  on  a  porous  plate,  melted  at 
145 — 146°,  On  adding  water  to  the  yellow  liquid,  more  of  the 
yellow  solid  was  precipitated,  leaving  a  nearly  colourless  solution. 
This  was  extracted  with  ether,  the  ethereal  solution  dried  with 
calcium  chloride,  and  evaporated,  when  a  small  quantity  of  a  high 
boiling  liquid  remained.  This  gave  an  orange-coloured  solution 
with  concentrated  sulphuric  acid,  and,  on  pouring  this  into  water, 
a  small  quantity  of  an  oil  was  formed,  which  had  an  odour 
resembling  that  of  mesityl  oxide.  The  fraction  of  the  lower  boiling 
point  also  had  an  odour  resembling  that  of  mesityl  oxide,  and  it 
gave  a  bright  red  colour  with  concentrated  sulphuric  acid.  A 
considerable  amount  of  residue  remained  in  the  distilling  flask, 
and  resinous  substances  were  also  formed  on  neutralising  and 
evaporating  the  aqueous  solution. 

Owing  to  the  poor  yield,  it  was  not  possible  to  obtain  a  liquid 
having  a  definite  boiling  point.  It  is,  however,  probable  from  the 
foregoing  that  the  reaction  proceeds,  at  any  rate  to  a  small  extent, 
in  the  direction  indicated  on  p.  1983.  It  is  evident  that  some  of  the 
intermediate  compounds,  possibly  including  the  compound  formed 
when  only  one  !C0  group  has  been  attacked,  are  very  unstable, 
readily  condensing  to  form  resinous  substances. 

Reduction  of  cycloButan-l :  3-dione. 

This  reduction  promised  to  be  of  interest,  but  the  choice  of 
means  was  limited.  On  account  of  the  chemical  nature  of  the 
substance,  the  more  usual  reducing  agents  were  inadmissible,  and, 
owing  to  the  tendency  to  polymerise  on  heating,  Sabatier  and 
Senderens'  method  was  not  promising.  Accordingly,  the  method 
of  reduction  by  means  of  hydrogen  and  platinum  black  was  selected. 

Tlie  hydrogen  was  prepared  from  zinc  and  dilute  sulphuric  acid, 
which  were  free  from  arsenic.  The  gas  was  passed  through  a  tube 
packed  with  copper  gauze  and  kept  at  a  red  heat  to  absorb  traces 
of  oxygen,  which  would  otherwise  have  been  reduced  to  water  in 
contact  with  the  platinum  black,  and  it  Wcos- dried  by  means  of 
sulphuric  acid  contained  in   a   spiral   wash-bottlo.     The  platinum 
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black  was  prepared  by  Loew's  method  {Ber.,  1890,  23,  289).  It 
was  washed  until  free  from  chlorides,  and  was  dried  in  a  vacuum 
over  sulphuric  acid.  The  reduction  vessel  consisted  of  a  large  test- 
tube  fitted  with  a  rubber  stopper,  through  which  passed  inlet  and 
outlet  tubes  for  the  hydrogen  and  a  tap  funnel.  The  inlet  tube 
reached  to  the  bottom  of  the  reduction  vessel.  About  2  grams  of 
platinum  black  were  placed  in  the  reduction  tube,  and  the  air  in 
the  latter  was  replaced  by  hydrogen.  The  platinum  black  was  then 
again  dried  by  warming  the  tube  to  about  60°,  and  alternately 
exhausting  with  a  Fleuss  pump  and  filKng  with  hydrogen.  About 
4  grams  of  cyclohuia,n-l  :  3-dione,  dissolved  in  dry  ether,  were  then 
introduced  through  the  tap  funnel,  and  a  slow  current  of  hydrogen 
was  turned  on,  the  lower  end  of  the  reaction  vessel  being  placed  in 
a  water-bath  to  prevent  cooling  during  the  evaporation  of  the 
ether.  After  about  two  hours,  most  of  the  ether  had  been  driven 
off,  and  a  spiral  condenser  fitted  with  taps,  such  as  was  used  for 
collecting  keten,  was  attached  to  the  outlet  tube,  and  was  surrounded 
by  a  bath  of  solid  carbon  dioxide  and  alcohol,  in  order  to  catch 
any  volatile  compounds  which  might  otherwise  be  carried  away  by 
the  hydrogen.  The  water-bath  was  now  warmed  to  about  65°, 
and  was  maintained  at  that  temperature  by  means  of  an  electric 
heater.  After  two  days  the  odour  of  c^c/obutan-1 :  3-dione  could 
no  longer  be  detected  at  the  outlet  tube  of  the  reduction  vessel  on 
detaching  the  condenser,  but  a  strong  odour  of  butyric  acid  became 
noticeable  when  the  connecting  tubes  were  opened  to  the  air.  The 
reduction  vessel  was  then  completely  immersed  in  the  water-bath, 
and  the  temperature  was  raised  to  about  95°.  After  a  further 
twelve  hours,  all  the  liquid  had  passed  over  into  the  condenser, 
which  was  found  to  contain  a  white,  crystalline  solid.  A  small 
quantity  of  a  brown  residue  remained  with  the  platinum.  In 
order  to  ascertain  whether  any  compounds  had  been  formed  which 
were  gaseous  at  the  ordinary  temperature,  the  condenser  was 
attached  to  a  manometer  and  to  the  Fleuss  pump  and  exhausted 
to  about  5  mm.  pressure.  The  tap  leading  to  the  pump  was  then 
closed,  and  the  temperature  was  allowed  to  rise.  The  solid  melted 
at  about  -20°,  but  the  pressure  did  not  rise  above  50  mm.,  even 
when  the  apparatus  had  attained  the  temperature  of  the  room. 
The  condenser  was  then  filled  with  dry  air,  after  which  it  had  to 
be  set  aside  for  a  few  days.  On  again  opening  the  taps,  it  was 
noticed  that  a  reduction  of  pressure  had  taken  place,  indicating 
absorption  of  oxygen.  On  transferring  the  contents  of  the  con- 
denser to  a  distilling  flask  and  distilling,  the  major  portion  passed 
over  at  70 — 80°,  and  on  reducing  the  pressure  to  20  mm.,  a  further 
portion  passed  over  at  about  80°.     The  first  fraction  had  an  odour 
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resembling  that  of  acetaldehyde,  but,  on  exposure  to  air,  a  strong 
odour  of  butyric  acid  was  developed.  This  fraction  also  gave  pro- 
nounced aldehyde  reactions.  The  fraction  of  higher  boiling  point 
had  a  strong  odour  of  butyric  acid.  It  was  readily  soluble  in 
water,  was  acid  to  litmus,  and  liberated  carbon  dioxide  from 
sodium  carbonate  with  formation  of  a  very  soluble  crystallisable 
salt.  It  boiled  at  163 — 164°/757  mm.  (corr.),  and,  after  solidifying 
in  a  freezing  mixture,  it  melted  at  —  7°  to  —  6°.  The  substance 
was  therefore  7i-butyric  acid,  formed  by  the  oxidation  in  air  of 
the  aldehyde.  n-Butyraldehyde  was  accordingly  the  final  product 
of  the  reduction  of  ci/clohuta.n-1 :  3-dione  by  the  method  employed. 
The  intermediate  stages  of  the  reaction  are  suggested  on  p,  1983. 
The  water  formed  would,  of  course,  combine  with  excess  of  cyclo- 
butan-1 :  3-dione  to  form  acetoacetic  acid,  which,  at  the  temperature 
of  the  experiment,  would  decompose  into  carbon  dioxide  and  acetone. 
It  was  anticipated,  from  analogy  to  the  reduction  of  acetoacetic 
ester  with  sodium  amalgam,  that  aldol  or  oy-dihydroxybutane  might 
have  been  formed,  but  no  trace  of  these  could  be  detected. 

Condensation  of  cjc\oButan-l :  3-dione. 

In  our  former  paper  we  stated  that  "  acetylketen  "  slowly  turned 
brown  on  keeping  at  the  ordinary  temperature,  and  that  brown 
resins  were  formed  when  it  was  distilled  under  the  atmospheric 
pressure.  We  have  since  found  that  when  cycZobutan-1 :  3-dione 
is  heated  in  sealed  tubes  on  a  water-bath  to  80 — 90°,  it  is  converted 
chiefly  into  dehydracetic  acid,  the  reaction  being  complete  after 
two  to  three  hours.  A  certain  amount  of  brown  resins  and  of 
carbon  dioxide  are,  however,  formed  at  the  same  time.  Also, 
in  some  samples,  which  had  been  sealed  up  in  glass  tubes  and  kept 
at  the  ordinary  temperature,  crystals  of  dehydracetic  acid  made 
their  appearance  after  several  weeks;  but  here  again  brown  resins 
and  carbon  dioxide  were  also  produced.  The  yield  of  dehydracetic 
acid  was,  however,  the  greater  the  lower  the  temperature  at  which 
condensation  took  place.  Condensation  did  not  appear  to  be 
accelerated  by  the  action  of  light,  for  a  sample  of  ci/clohutan- 
1 :  3-dione,  which  had  been  sealed  up  in  a  bulb  of  "  uviol  "  glass  and 
exposed  to  bright  sunlight,  did  not  turn  brown  more  rapidly  than 
other  samples  kept  in  the  dark  at  the  same  temperature.  On  tlie 
other  hand,  cycloh\ita.n-l :  3-dione  is  the  more  stable  the  lower  the 
temperature  at  which  it  has  been  distilled.  From  the  formation 
of  brown  resins  and  of  carbon  dioxide  along  with  the  dehydracetic 
acid,  it  is  evident  that  the  condensation  follows  more  than  one 
course. 

On   account  of  the   manifold    reactions   of   the  multiple   ketcu 
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groups,  for  the  study  of  which  dehydracetic  acid  has  been  the 
chief  starting  point,  notably  in  the  hands  of  Collie  and  his  pupils 
(compare  Trans.,  1907,  91,  1806),  the  proof  of  the  formation  of 
this  compound  from  cyc/obutan-1 :  3-dione,  and  consequently  from 
keten  itself,  was  of  special  importance.  After  recrystallisation,  the 
dehydracetic  acid  melted  at  109°  (corr.),  and  the  melting  point  was 
not  altered  by  mixing  with  a  sample  of  pure  dehydracetic  acid  from 
other  sources.  Under  the  microscope  the  two  samples  appeared 
to  be  identical  when  they  had  been  crystallised  in  the  same  way. 
The  dehydracetic  acid  from  ci/clohuta.n-1 :  3-dione  also  gave  an 
orange  colour  with  ferric  chloride.  Finally,  it  was  converted  by 
the  usual  method  into  diacetylacetone,  which  was  identified  by  the 
yellow  barium  salt  and  the  characteristic  violet  colour  with  ferric 
chloride. 

Condensation  of  cycloButan-l :  3-dione  in  Presence  of  Quinoline. 

The  condensation  of  cycZobutan-1 :  3-dione  in  the  presence  of 
quinoline  has  also  been  further  investigated.  Quantities  of  about 
5  grams  of  cydohuia,n-\  :  3-dione  were  mixed  with  an  approximately 
equal  amount  of  pure  quinoline  in  a  wide  test-tube,  to  which  was 
fitted  a  rubber  stopper  and  a  mercury  valve  to  allow  of  the  escape 
of  gas  and  at  the  same  time  to  exclude  air.  After  two  or  three 
days  yellow  crystals  appeared  in  the  tube,  and  the  supernatant 
liquid  became  dark  brown,  while  carbon  dioxide  was  slowly  given 
off.  After  ten  days  to  a  fortnight  the  reaction  appeared  to  be 
complete,  and  the  contents  of  the  tube,  now  become  very  viscous, 
were  scraped  out  into  a  mortar  and  ground  up  with  acetone,  in 
which  the  yellow  crystals  were  not  soluble.  The  yellow  substance 
was  then  collected  and  washed  thoroughly  with  acetone,  after  which 
it  was  dissolved  in  hot  glacial  acetic  acid  and  reprecipitated  by  the 
addition  of  water.  It  was  usually  pure  after  one  such  re- 
crystallisation,  melting  at  244°  (corr.).  (In  our  former  paper  we 
gave  231°  as  the  melting  point,  but  the  substance  then  available 
was  not  quite  pure.)  The  yield  was  not  good,  being  only  about 
20  per  cent,  of  the  weight  of  cyc/obutan-1 :  3-dione  taken,  and  this 
was  much  reduced  if  impure  quinoline  had  been  used.  The  acetone 
filtrate  from  the  yellow  compound  was  dark  reddish-brown  when 
viewed  by  transmitted  light,  and  had  a  marked  green  fluorescence 
by  reflected  light.  It  contained  only  resinous  substances,  from 
which  a  pure  compound  could  not  be  isolated. 

It   was  difficult    to    obtain     satisfactorily    consistent    analytical 
numbers,  probably  owing  to  the  formation  of  methane  on  heating  : 

00848  gave  02258  CO.,  and  00367  H,0.     C  =  726 ;  H  -  48. 

01100    „    0-2931  COg    „   00468  HgO.     C  =  72-7;  H  =  4-7. 


1998      CHICK  AND  WILSMORE  :   THE  POLYMERISA.TION  OF  KETEN. 

0-0683,  in  18-94  glacial  acetic  acid,  gave  M=  -  0066°.     M.W.  =  213. 
0-0693,  ,,17-63       „  „         „        „     Ai= -0-068°.     M.W.  =  225. 

0-0531,  „  17-85       „        •„         „         „     E  =  0-032.     M.W.  =  235. 
CigHjoOg  requires  C  =  72-9;   H  =  4-7  per  cent.     M.W.  =  214. 

The  substance  was  readily  soluble  in  hot  glacial  acetic  acid,  but 
much  less  so  in  the  cold  acid,  crystallising  on  cooling  in  bright- 
yellow  needles  or  plates.  The  solutions  were  bright  yellow,  with  a 
green  fluorescence.  It  was  slightly  soluble  in  benzene,  almost 
insoluble  in  alcohol  or  acetone,  and  insoluble  in  water,  chloroform, 
light  petroleum,  or  ether.  It  was  soluble  in  dilute  alcoholic  potash, 
forming  a  red  solution  from  which  it  could  be  reprecipitated  in  a 
somewhat  impure  form  by  hydrochloric  acid.  A  suspension  of  the 
substance  in  water  was  neutral  to  litmus,  but  addition  of  ferric 
chloride  gave  a  red  colour,  which  was  not  discharged  by  dilute 
hydrochloric  acid.  It  was  insoluble  in  aqueous  alkalis,  and  it  did 
not  react  with  benzoyl  chloride,  so  that  hydroxyl  groups  would 
appear  to  be  absent.  It  dissolved  on  warming  with  75  per  cent, 
sulphuric  acid,  forming  a  deep  yellow  solution  with  a  green 
fluorescence,  but  the  original  substance  could  not  be  recovered  by 
neutralising  the  acid.  Some  reaction  had  therefore  taken  place, 
probably  the  removal  of  a  side  chain. 

As  the  yellow  compound  had  a  strong  resemblance  to  certain 
naphthalene  derivatives  discovered  by  Collie  (Trans.,  1893,  63,  329 ; 
1896,  69,  293),  an  attempt  was  made  to  prepare  the  parent  hydro- 
carbon. Owing  to  the  small  quantity  of  material  available, 
distillation  with  zinc  dust  did  not  offer  much  prospect  of  success, 
and  electrolytic  reduction  was  therefore  tried.  The  solution  of  the 
substance  in  sulphuric  acid  was  diluted  until  the  strength  of  the 
acid  was  about  25  per  cent.,  and  was  placed  in  a  porous  pot, 
together  with  a  cathode  of  platinum  gauze,  which  could  be  rapidly 
rotated.  To  prevent  formation  of  oxidising  substances,  an  amal- 
gamated zinc  plate  was  used  for  the  anode,  a  slow  stream  of  25  per 
cent,  sulphuric  acid  being  made  to  flow  through  the  anode  vessel  to 
remove  the  bulk  of  the  zinc  which  dissolved.  The  current  density 
was  about  0-1  ampere  per  sq.  cm.  After  electrolysis  had  proceeded 
for  some  hours,  the  cathode  solution  was  shaken  with  benzene,  and, 
on  evaporation  of  the  latter,  a  minute  quantity  of  a  colourless 
substance,  melting  at  96 — 97°,  was  obtained.  The  yield  could  not 
be  improved.  Substitution  of  a  zinc  cathode  for  the  platinum  gave 
only  oily  substances,  which  could  not  be  caused  to  crystallise,  and 
which  were  too  small  in  quantity  for  effective  distillation. 

A  suspension  of  the  substance  in  carbon  tetrachloride  decolorised 
a  solution  of  bromine  in  the  same  solvent.  A  crystalline  substance 
appeared  to  be  formed  at  first,  but  it  dissolved  on  further  addition 
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of  bromine.  On  shaking  the  mixture  with  water,  hydrobromic 
acid  could  be  detected  in  the  latter.  In  the  quantitative  experi- 
ments weighed  quantities  of  the  substance  were  shaken  with  a 
moderate  excess  of  bromine  solution,  and,  when  the  substance  had 
completely  dissolved,  the  excess  of  bromine  was  determined  by 
means  of  potassium  iodide  and  thiosulphate  in  the  usual  way.  The 
free  acid  was  then  found  by  titration  with  standard  alkali.  The 
bromine  solution  contained  002 75  gram  equivalent  per  litre  and 
the  alkali  00384  equivalent: 

00707  gram  required  2564  c.c.  bromine  solution  and  15'99  c.c. 
alkali. 

Or  214  grams  reacted  with  2*13  equivalents  of  bromine,  forming 
1"86  equivalents  of  acid. 

0'0757  gram  required  26'37  c.c.  bromine  and  16'68  c.c.  alkali. 

Or  214  grama  reacted  with  2*05  equivalents  of  bromine,  forming 
1'81  equivalents  of  acid. 

The  formation  of  nearly  two  equivalents  of  acid  from  two 
equivalents  of  bromine  would  seem  to  indicate  the  formation  of  an 
acid  bromide,  as  in  the  rea<;tion  between  bromine  and  keten 
(Trans.,  1907,  91,  1941),  or  in  that  between  bromine  and  cyclo- 
butan-1 :  3-dione  described  above,  this  acid  bromide  on  addition  of 
water  giving  one  equivalent  of  hydrobromic  acid  and  one  of  another 
acid. 

The  yellow  compound  was  attacked  by  dilute  permanganate  in 
the  cold,  but  only  acetic  acid  could  be  detected  among  the  products 
of  oxidation.  It  also  reacted  with  phenylhydrazine  in  glacial 
acetic  acid,  forming  a  compound  containing  nitrogen,  which  was 
insoluble  in  benzene  but  very  soluble  in  alcohol,  from  which  it  could 
be  crystallised  in  colourless  needles  or  plates,  melting  sharply  at 
238°.  A  quantity  sufficient  for  analysis  could,  however,  not  be 
obtained. 

On  treatment  with  an  alkaline  solution  of  hydroxylamine,  an 
oxime  was  formed.  The  yellow  compound  was  dissolved  in  a 
solution  containing  10  grams  of  potassium  hydroxide  to  20  c.c.  of 
water  with  120  c.c.  of  alcohol.  Excess  of  hydroxylamine  hydro- 
chloride dissolved  in  a  little  water  was  added,  and  the  mixture  was 
warmed  for  five  minutes  on  the  water-bath.  On  neutralising  with 
hydrochloric  acid,  a  yellow  substance  slowly  separated,  precipitation 
being  complete  in  about  two  hours.  It  was  washed  with  water  and 
recrystallised  from  hot  water.  It  was  also  soluble  in  alcohol.  It 
melted  and  decomposed  at  200°  (corr.).  The  results  of  analysis 
seem  to  show  that  wo  did  not  succeed  in  getting  this  substance  in 
a  completely  pure  state ;  in  fact,  it  could  not  be  dissolved  without 
showing  signs  of  decomposition : 
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0-1072  gave  0-2336  COg  and  0-0576  HgO.     C  =  59-4;  H  =  6-0. 

0-1030     „     0-2342  CO2     „    0-0517  HgO.     C  =  61-5;  H  =  5-6. 

0-1084     „     0-2436  CO2     ,,    0-0555  HgO.     C  =  61-3;  H  =  5-7. 

0-1126     „     9-98  c.c.  Ng  (moist)  at  18-5°  and  761-6  mm.   N  =  10-2. 

I.  CJ3H12O3N2  requires  C  =  63-9;  H  =  4-9;  N  =  ll-5  per  cent. 
11.  CigHiANa        „        C  =  59-5;  H  =  5-3;  N  =  10-7 

Formula  I  results  from  the  reaction  of  hydroxylamine  with  two 
ICO  groups  according  to  the  equation : 

C13H10O3  +  2NH2-OH  =  C13H12O3N2  +  2H2O. 

Formula  II  represents  the  reaction  of  two  molecules  of  hydroxyl- 
amine,  one  reacting  normally  with  a  ICO  group,  and  the  other 
adding  on  to  a  double  bond: 

C13H10O3  +  2NH2-OH  =  CJ3H14O4N2  +  H2O. 

The  aqueous  solution  of  the  hydroxylamine  compound  was  acid 
to  litmus.  It  was  titrated  with  standard  alkali  containing  0-0384 
equivalent  per  litre: 

0'0777  gram  required  6-23  c.c.  alkali. 

That  is,  244  grams  Ci3Hi2^3-^2  require  0"75  equivalent  of  alkali, 
and  262  grams  C^sHj^O^Ng  require  0-81  equivalent  of  alkali. 

It  will  be  seen  from  the  foregoing  that  so  far  we  have  found  no 
clue  to  the  constitution  of  the  yellow  condensation  product  of  cyclo- 
butan-1 :  3-dione,  and  the  yield  in  the  preparation  of  the  substance 
and  of  all  its  derivatives  is  so  poor  that  very  much  larger  quantities 
of  the  raw  material  (that  is,  of  cyr/obutan-l :  3-dione)  than  have 
been  hitherto  available  would  be  required  before  this  portion  of 
the  research  could  be  resumed  with  any  chance  of  success. 

Univkrsit's  College, 

University  of  London. 


CCXI. — The   Viscosity  of  Salt  Solutions. 

By  Malcolm  Percival  Applebey. 

The  changes  in  viscosity  produced  when  salts  are  dissolved  in 
water  have  been  the  subject  of  many  important  researches  since 
Poiseuille's  classical  work  on  the  flow  of  liquids  in  capillary  tubes. 
The  results  obtained  by  the  earlier  workers  in  this  field  may  be 
summarised    as    follows : 

(1)  The  effect  of  salts  on  the  viscosity  of  water  is  small,  but 
generally  positive.  Some  salts,  however  (for  example,  potassium 
chloride),  diminish  the  viscosity  of  water. 

(2)  The  effect  of  salts  in  increasing  the  viscosity  increases  more 
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rapidly  than  tlie  concentratiou ;  the  salts  which  diminish  the 
viscosity  have,  however,  less  effect  as  concentration  increases.  A 
minimum  value  is  reached  at  a  certain  concentration.  The  addition 
of  more  salt  then  raises  the  viscosity. 

(3)  The  effect  of  a  salt  in  increasing  the  viscosity  of  water  is 
additively  composed  of  a  factor  expressing  the  effect  of  the  cation 
and  a  factor  expressing  the  effect  of  the  anion,  when  the  solution  is 
sufficiently   dilute. 

(4)  The  temperature-coefl&cient  of  the  viscosity  of  a  dilute  salt 
solution  is  approximately  equal  to  that  of  water. 

These  researches  were  necessarily  confined  to  concentrated  solu- 
tions, since  the  methods  used  were  not  of  sufiScient  accuracy  to 
measure  the  small  changes  in  viscosity  produced  by  small  quantities 
of  dissolved  salt.  It  should  also  be  noted  that  the  earlier  work  is 
vitiated  by  the  fact  that  the  authors  did  not  investigate  the 
behaviour  of  their  apparatus  with  respect  to  Poiseuille's  law,  but 
always  assumed  its  rigid  validity.  The  velocity  of  flow  in  the 
viscometers  used  was  always  greater  than  the  limiting  velocity  at 
which  eddying  begins,  and  above  which  Poiseuille's  law  is  not 
rigidly  obeyed.  The  error  thus  caused  in  the  determinations  cannot 
be  calculated  from  the  data  given. 

Within  recent  years  attention  has  been  directed  to  the  phenomena 
of  viscosity  in  dilute  solutions.  The  work  of  Kohlrausch  (Proc. 
Roy.  Soc,  1903,  71,  338)  and  that  of  Bousfield  and  Lowry  (Pha. 
Trans.,  1905,  204,  A,  253)  has  shown  the  importance  of  studying 
changes  of  viscosity  for  the  interpretation  of  the  results  obtained 
in  conductivity  determinations.  The  application  of  Stokes'  theorem 
to  strong  electrolytes  has  made  the  knowledge  of  the  viscosity 
effect  of  salts  in  dilute  solution  of  great  importance  in  the  measure- 
ment of  ionisation  and  the  application  of  the  dilution  law  to  these 
solutions.  The  advance  in  the  accuracy  of  relative  viscosity  deter- 
minations necessary  for  the  investigation  of  these  problems  was 
secured  by  the  important  work  of  Griineisen  (Wiss.  Ahh.  Phys.-Tech. 
Beichs.,  1905,  4,  151).  The  theory  of  the  viscometer  was  very 
thoroughly  investigated  by  him,  and  methods  of  sta,ndardisation 
were  developed  which  enabled  him  to  determine  the  deviation  of 
any  viscometer  used  from  the  simple  Poiseuille  law.  Ilis  experi- 
ments were  all  corrected  for  this  deviation,  and  furnish  the  first 
accurate  determinations   of   viscosity  in  dilute  solutions. 

Investigations  have  also  been  carried  out  by  Ilosking  {Phil.  Mag., 
1904,  [vi],  7,  469),  who  has  studied  the  effect  of  temperature  and 
concentration  over  wide  limits  for  lithium  chloride,  whilst  Bousfield 
and  Lbwry  {Phil.  Trans.,  1906,  206,  A,  101)  have  also  made  some 
observations  on  dilute  solutions. 
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The  work  of  Griineisen  is  remarkable  for  the  discovery  of  a 
general  phenomenon  which  the  less  exact  methods  of  earlier  workers 
had  not  revealed.  He  has  shown  that  the  viscosity-concentration 
curve  for  all  salts  has  a  change  of  curvature  at  the  dilute  end  in 
the  sense  that  the  first  particles  of  salt  added  to  water  have  a 
greater  effect  in  increasing,  or  a  less  effect  in  diminishing,  the 
viscosity  of  water  than  subsequent  additions.  The  change  of 
curvature  is  scarcely  noticeable  unless  the  curve  is  plotted  on  a 
very  large  scale.  A  much  more  convenient  method  is  to  plot  the 
differential  quantity: 

Relative  viscosity  -  1 
Molecular  concentration 
against  the    cube-root  of    the    concentration    as   recommended    by 
Griineisen. 

This  change  of  curvature  was  observed  by  Griineisen  with  every 
member  of  a  large  series  of  salts  investigated  by  him.  No  such 
effect  has  ever  been  found  in  solutions  of  non-electrolytes.  It  is 
not  surprising  therefore  that  Griineisen  has  endeavoured  to  connect 
the  phenomenon  with  ionisation.  The  following  formula  given  by 
him  corresponds  with  the  observations  with  fair  accuracy  over  a 
considerable  range: 

vlvo:zl  =Aa  +  B(\  -a)  +  Cm, 
m 

where  rjjrjQ  =  relative  viscosity, 

m     =  molecular  concentration, 

a      =  degree  of  ionisation, 

and  A,  B,  and  C  are  constants. 

The  i^resent  work  was  undertaken  with  the  following  objects : 

(1)  To  carry  the  investigations  to  greater  dilutions  than 
Griineisen  reached,  and  thus  to  test  his  formula; 

(2)  To  determine  the  effect  of  temperature,  especially  in  dilute 
solutions;  and 

(3)  To  investigate  the  connexion  between  the  viscosity  of  a 
solution  and  its  molecular  and  ionic  conditions. 

Materials. — It  was  thought  advisable  to  investigate  thoroughly 
some  one  salt  over  wide  ranges  of  temperatixre  and  concentration. 
Lithium  nitrate  was  chosen,  as  its  high  solubility  permits  the 
investigations  to  be  carried  to  very  high  concentrations.  It  was 
obtained  either  from  Kahlbaum  or  from  Merck  in  the  form  of 
crystalline  lumps  with  an  indefinite  amount  of  water  of  crys- 
tallisation. It  appeared  to  be  a  mixture  of  the  two  hydrates, 
LiNOajJH^O  and  LiNOajSHjjO,  described  by  Donnan  and  Burt 
(Trans.,  1903,  83,  335).  It  was  recrystallised  before  use  in  the  form 
of     the     trihydrate.      A     spectroscopic     examination    showed    no 
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impurities  except  a  trace  of  sodium.  The  water  used  was  con- 
ductivity water  free  from  dust.  The  dissolved  air  was  removed  by 
exhaustion  in  the  cold  just  before  use.  This  precaution  is  necessary 
to  prevent  the  appearance  of  air-bubbles  in  the  apparatus  during 
determinations. 

Preparation  of  Solutions. — ^The  anhydrous  salt  is  extremely 
hygroscopic,  and  very  prolonged  heating  is  necessary  to  bring  it  to 
a  constant  weight.  The  making  up  of  solutions  by  weight  is  thus  a 
very  tedious  process.  It  was  therefore  decided  to  determine  the 
concentration  of  the  solutions  used  by  means  of  a  previously  deter- 
mined density  curve  at  25°.  The  dehydration  of  the  salt  for 
this  purpose  did  not  present  such  difficulties,  as 
less  of  the  salt  was  necessary  for  a  determination. 
The  labour  was  also  much  lessened  by  the  use 
of  a  specimen  crystallised  at  about  70°,  which 
was  practically  anhydrous.  An  appropriate 
weight  of  the  salt  was  dehydrated  by  heating  it 
for  at  least  twenty-four  hours  in  a  small 
platinum  crucible  in  an  air-bath  heated  by  boil- 
ing aniline.  The  crucible  was  allowed  to  cool 
in  a  desiccator,  and  then  weighed  in  a  stoppered 
glass  bottle.  The  correct  weight  of  water  was 
then  weighed  into  a  wide-mouthed  stoppered 
bottle,  and  the  crucible  dropped  in. 

Density  Determinatians. — The  determinations 
at  25°  and  18°  were  made  in  U  -shaped  pykno- 
meters  of  testrtube  glass,  holding  about  10  c.c. 
Each  pyknometer  was  weighed  against  a  counter- 
poise, and  the  results  were  corrected  for 
displaced  air.  The  density  of  each  solution  was 
determined  with  two  separate  pyknometers. 

On  account  of  the  expansion  of  the  solution 
before  weighing,  these  pyknometers  could 
not  be  used  at  0°.  The  form  shown  in 
Fig.  1  was  used  for  this  temperature.  The  pyknometei's  used  held 
about  20  c.c.  The  results  usually  agreed  to  000002,  although  the 
agreement  was  not  always  so  good  at  0°.  This  is  due,  in  part,  to 
the  difficulty  of  temperature  regulation,  and  in  part  to  the  con- 
tamination of  the  ground  surface,  in  which  the  stopper  fits,  with 
solution  in  some  experiments.  Simple  wiping  with  a  filter-paper 
(the  usual  method  of  cleaning  the  open  end  of  a  pyknometer)  fails 
to  remove  this.  The  error  might  have  been  avoided  if  the  stopper 
had  been  ground  on  outside  instead  of  inside  the  open  end  of  the 
pyknometer.     For  the  purpose  of  viscosity  determinations,  however. 
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an  accuracy  of  0  0001  is  amply  sufficient  at  0°,  and  the  errors  were 
never  so  large  as  this. 

The  densities  determined  at  25'01°  are  given  in  table  I.  The 
following  equation  was  found  to  express  the  results  with  sufficient 
exactness  to  justify  its  use  for  calculating  concentrations: 

m  =  25-103  (s- So) -16-337  (s-So)2, 
where  s  =  density  of  solution, 
Sy  =  density  of  water, 

??i  =  concentration  expressed  in  gram  molecules  p&r  1000  grams 
of  solution. 
The  degree  of  accuracy  obtained  in  determining  concentrations  in 
this  manner  may  be  seen  by  the  second  column  of  table  I. 

Table  I. — Density  of  solutions  of  lithium  nitrate  at  25-01°. 

J)25  01° 


Concentralion 
calculated 

Pyknometer 

Pyknometer 

Mean 

Concentration. 

from  equation. 

I. 

IL 

density. 

0-0 

0-0 

. 

— 

0  99707 

01296 

0-1296 

1-00225 

— 

1-00225 

0-1378 

0-1388 

1  -00262 

1  -00263 

1  -00262 

0-1458 

0  1463 

1  -00293 

1-00291 

1  -00292 

01571 

0-1577 

1-00338 

1-00338 

1  00338 

0-1724 

0  1722 

1-00396 

— 

1  -00396 

0-1971 

0-1981 

1-00500 

1  00500 

1  -00500 

0-2137 

0-2144 

1-00565 

1  00567 

1  -00566 

0-3145 

0-3137 

1  00967 

1-00970 

1  00969 

0-3255 

0-3238 

1-01008 

1-01008 

1-01008 

0-3605 

0-3606 

1-01158 

1-01155 

1-01157 

0  3905 

0-3899 

1  01275 

1  01277 

1  01276 

*0-4248 

0-4016 

1-01325 

1-01325 

1-013-25 

0-4851 

0-4855 

1-01664 

1-01668 

1-01666 

0-6066 

0-6061 

1  02160 

1-02163 

1-02161 

0  8283 

0-8281 

1-03077 

1  03082 

1-03080 

0-9059 

0-9050 

1-03400 

1-03402 

1-03401 

*0-9960 

0-9861 

1-03741 

1-03741 

1-03741 

1-0968 

1-0960 

1  04206 

1  -04205 

1  -04205 

1-2763 

1-2752 

1  04967 

1-04967 

1  04967 

1-8639 

1-8633 

1-07529 

1-07527 

1-07528 

2-2027 

2-2020 

1  09047 

1-09047 

1-09047 

2-4602 

2-4591 

1-10223 

— 

1-10223 

3-4086 

3-40S3 

1-14759 

1-14758 

1-14759 

*5-876 

5-849 

1-28344 

1-28340 

1  -28342 

The  three  solutions  marked  with  asterisks  show  divergences  con- 
siderably greater  than  the  errors  in  determining  the  increase  in 
density.  In  all  three  cases  the  concentrations  calculated  from  the 
densities  are  smaller  than  those  calculated  from  the  weighings. 
It  is  most  probable  that  the  salt  used  in  these  experiments  was  not 
fully  dehydrated.  These  values  have  been  omitted  in  calculating 
the  constants  of  the  equation. 

The  densities  at  18°  and  0°  are  given  in  tables  V  and  VI.     The 
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values  at  18°  agree  very  well  with  those  determined  by  Kohlrausch 
and  used  by  Griineisen.  The  density  determined  by  Perkin  (Trans., 
1893,  63,  68)  for  a  2-63  weight-normal  solution  (  =  18-17  per  cent.) 
at  25°  is,  however,  considerably  higher  than  that  read  oflf  my 
curve. 

Viscosity  Determinations. — The  use  of  viscometers  of  the  Ostwald 
type  in  the  measurement  of  relative  viscosity  depends  on  the 
validity  of  the  law  of  Poiseuille,  which  is  expressed  by  the  ecLuation : 

_-7rpr*t 

where  -q  is  the  coefficient  of  absolute  viscosity, 
p  is  the  mean  pressure  producing  flow, 
Fis  the  volume  of  liquid  which  flows  through  the  capillary  in 

the  time  t, 
r  is  the  radius,  and 
I  the  length  of  the  capillary. 

Since  r,  I,  and  V  are  constants  depending  only  on  the  dimensions 
of  the  viscometer,  the  relation : 

i]  =  pt  X  constant 
should  hold  good  for  different  liquids  in  the  same  viscometer,  and 
if  experiments  are  carried  out  with  the  same  liquid  flowing  under 
different  pressures,  the  product  pt  will  have  a  constant  value  when 
the  viscometer  obeys  Poiseuille's  law. 

Griineisen  (loc.  cit.)  has  shown  that  this  condition  is  by  no  means 
rigidly  fulfilled  by  viscometers  of  the  Ostwald  type  acting  under 
their  own  hydrostatic  pressure.  He  has  found  that  the  variation 
of  pt  is  due  to  the  fact  that  above  a  certain  limiting  velocity  the 
flow  of  liquid  in  the  viscometer  is  not  steady,  but  that  some  of  the 
potential  energy  is  expended  in  forming  eddies  within  the  liquid. 
Hence  the  liquid  is  not  forced  down  the  capillary  so  quickly  as  it 
should  be  if  Poiseuille's  law  held  good,  that  is,  t  is  greater  than 
demanded  by  the  simple  law,  and  in  consequence  pt  has  a  greater 
value  than  the  constant  found  with  slow  flow. 

Thus  the  phenomena  of  flow  under  varying  pressures  may  be 
summarised  as  follows.  When  the  pressure  is  small  and  the  time 
large,  pt  is  constant;  on  increasing  the  pressure  and  diminishing 
tlie  time,  a  point  is  reached  where  eddy-formation  begins.  Beyond 
this  point  pt  continually  increases,  and  Poiseuille's  law  no  longer 
holds.  The  readings  of  a  viscometer  are  only  trustworthy  when 
the  time  of  flow  is  so  large  as  to  ensure  that  the  product  pt  remains 
constant  (for  the  same  liquid)  over  the  whole  range  of  variation  in 
time  of  flow  to  be  observed  in  the  actual  determinations.  Griineisen 
has  tested  several  viscometers  in  a  manner  similar  to  that  to  be 
described     later,    and     has    published  (loc.  cit.)  the   pt-t    curves 


2006         APPLEBEY  :  THE   VISCOSITY   OF   SALT   SOLUTIONS. 

obtained.  He  lias  then  calculated  a  correction  for  the  variation  in 
'pt  over  the  region  of  his  experiments,  and  applied  this  throughout 
his  work. 

It  was  thought  possible  to  construct  viscometers  in  which  this 
correction  should  be  negligible  by  reducing  the  velocity  of  flow 
considerably  below  the  limits  attained  by  Griineisen. 

This  diminution  in  velocity  of  flow  may  be  secured  in  three 
distinct  ways: 

(a)  By  reducing  the  diameter  of  the  capillary. 

(6)  By  lengthening  the  capillary. 

(c)  By  reducing  the  hydrostatic  pressure  in  the  viscometer  by 
bringing  the  two  bulbs  as  near  together  as  possible. 

{a)  Some  experiments  were  tried  with  viscometers  constructed 
with  very  fine  capillaries.  It  was  found,  however,  that  the  results 
were  almost  invariably  vitiated  by  dust.  The  final  form  of 
viscometer  adopted  had  a  capillary  radius  of  about  0*2  mm. ;  thus 
my  tubes  were  considerably  smaller  than  Griineisen's,  the  radius  of 
which  varied  between  0"34  and  0'48  mm. 

(6)  and  (c)  To  lengthen  the  capillary  in  the  ordinary  Ostwald 
type  of  viscometer  is  to  increase  the  pressure  proportionally.  The 
form  shown  in  Fig.  2  was  therefore  adopted.*  The  bulbs  cannot 
be  brought  nearer  together  than  a  certain  limiting  dista,nce  depend- 
ing on  the  capillary  rise  in  the  viscometer;  otherwise  the  liquid 
never  falls  below  the  lower  mark.  In  the  viscometers  used,  the 
lower  mark  was  etched  very  near  to  the  bulb  where  the  capillary 
was  slightly  enlarged.  At  the  completion  of  the  experiment,  the 
meniscus  came  to  rest  a  few  millimetres  below  the  mark.  The 
dimensions  of  the  viscometers  finally  adopted  were: 

Radius  of  capillary   0  2  mm. 

Length  of  capillary  11  to  22  cm. 

Volume  of  bulb 7  c.c.  (approx.). 

Mean  difference  of  level   108  cm.  (approx.). 

How  far  the  results  given  by  any  particular  viscometer  are  vitiated 
by  eddy-formation  also  depends  on  the  amount  of  irregularity  in  the 
capillary  (and  especially  at  the  ends  of  the  capillary,  where  the  flow 
suddenly  changes).  In  the  construction  of  a  viscometer  anything 
approaching  a  sudden  change  of  diameter  should  be  avoided.  The 
junction  of  capillary  and  bulb  should  have  the  form  of  a  smooth 
cone,  as  shown  in  Fig.  2. 

*  Tlie  same  object  has  been  attained  by  Griineisen  by  winding  the  capillary  in  a 
spiral.  This  method  is,  however,  open  to  the  objection  that  much  of  the  energy 
which  should  be  expended  in  driving  the  liquid  on  is  used  in  changing  the  directi"i» 
of  flow  as  the  capillary  bends.  This  results  in  a  very  high  value  for  the  Griiuciscn 
eddy-correction.  Since  it  was  hoped  to  avoid  the  Griinoistn  correction  altogether  no 
exjietinicnts  have  been  performed  with  spiral  capillaries. 
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Standardisation  of  Viscometers. — Although  from  the  dimensions 
of  the  viscometers  it  was  probable  that  Poiseuille's  law  would  be 
obeyed  within  the  limits  of  experimental  error,  it  was  necessary 
to  carry  out  special  tests  so  as  to  be  certain  that  irregularities  in 
the  glass  were  not  present  of  such  magnitude  as  to  produce  eddies 
and  thereby  cause  the  viscometers  to  disobey  the  simple  law.  The 
method  here  described  is  similar  to  that  used  by  Griineisen.  In 
order  to  test  a  viscometer,  it  is  necessary  to  observe  its  time  of 
flow  under  varying  pressures  when  filled  with  water,  and  to 
investigate  the  variation  of  the  product  'pt.     The  pressure  in  any 


Fig.  2. 


^i:^ 


particular  experiment  is  the  sum  of  the  external  pressure  applied 
and  the  hydrostatic  pressure  due  to  the  head  of  liquid  in  the 
viscometer.  The  latter  varies  during  the  experiment,  and  an 
average  value  has  to  be  found  in  the  following  way. 

First,  the  small  arm  of  the  viscometer  is  attached  to  a  water 
manometer,  and  the  pressure  directly  read  off  by  means  of  a 
reading-telescope  and  scale,  together  with  the  level  at  which  the 
water  stands  in  the  viscometer.  This  determination  is  repeated  for 
several  different  positions  of  the  liquid  in  the  viscometer,  and  a 
curve  is  drawn  representing  the  variation  in  pressure  head  as  the 
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liquid  falls  in  the  viscometer.  Secondly,  by  means  of  the  reading- 
telescope,  the  time  necessary  for  flow  from  the  upper  mark  to 
known  distances  below  the  mark  is  measured.  By  combining  these 
curves,  namely,  variation  of  pressure  with  depth  and  variation  of 
time  with  depth,  a  curve  is  drawn  which  shows  the  variation  of 
pressure  with  time  throughout  the  whole  tube.  From  this  a  value 
is  obtained  for  the  average  hydrostatic  pressure  during  flow.  This 
is  usually  approximately  equal  to  the  pressure  at  mean  time,  but 
differs  from  that  calculated  from  the  difference  of  level  at  mean 
time  owing  to  surface  effects ;  for  example,  in  one  viscometer : 

Mean  hydrostatic  picssure    10 '60  cm.  of  water  at  25° 

Pressure  at  mean  time  10"55        ,,         ,,         ,, 

Difference  of  level  at  mean  time...     10"99        ,,         ,,         ,, 

The   difference  between   the   first   and  third    of    these   numbers 
measures  the  surface-tension  effect,  and  will  be  considered  later. 

Fig.  3. 


The  times  of  flow  have  now  to  be  measured  when  a  known  excess 
of  pressure  is  applied  at  the  small  arm  of  the  viscometer.  For  this 
purpose  it  is  necessary  to  have  an  arrangement  capable  of  exerting 
a  small  pressure,  which  shall  keep  quite  constant  during  the 
experiment.  I  have  found  the  apparatus  shown  in  Fig.  3  to  work 
very  satisfactorily.  The  vessels  A  and  B,  which  contained  water, 
were  so  large  that  the  movement  of  the  air  into  the  bulb  of  the 
viscometer  during  flow  made  no  measurable  alteration  in  the 
difference  of  level  in  A  and  B  measured  by  the  water  manometer  6'. 
The  pressure  of  the  air  in  B  remained  constant  to  O'l  mm.  of 
water  during  the  experiment  when  the  cork  of  B  and  the  rubber 
connexions  were  painted  with  celluloid  varnish  so  as  to  prevent 
leakage.  The  pressure  in  B  can  be  varied  by  allowing  air  to  escape 
from  D  or  by  forcing  in  air  with  a  bicycle-pump  at  E.     The  range 
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of  pressures  under  which  experiments  were  performed  was  —  1  to 
+  20  cm.  of  water.  The  pressures  were  measured  on  the  water 
manometer  C,  which  could  be  read  to  01  mm.  by  a  reading- 
telescope. 

The  following  table  gives  the  values  obtained  with  a  satisfactory 

tube : 

Table  II. 


Viscometer  R.    Hydrostatic  pressure  =  10"3 

6  cm.  of  water  at  21 

Total 

Time  of  flow 

Total 

Time  of  flow 

pressure. 

in  sees. 

Pt. 

pressure. 

in  sees. 

Pt. 

10-36 

800-2 

8290 

1919 

432-6 

8302 

10-94 

758-4 

8297 

19-26 

431-4 

8309 

11-205 

739-5 

8-286 

20-09 

413-7 

8311 

11-93 

695  8 

8301 

20-96 

396-5 

8311 

13-15 

630-8 

8295 

21-61 

384-6 

8311 

13-69 

605  0 

8282 

21-865 

380-8 

8326 

14-38 

577-5 

8304 

22-89 

363-9 

8330 

14-85 

558-8 

8298 

23-94 

348-5 

8343 

15-23 

543-6 

8279 

24-20 

344-0 

8325 

15-83 

524-6 

8304 

24-75 

337  2 

8346 

16-47 

503-6 

8294 

25-20 

331-1 

8344 

17-14 

483-6 

8289 

25-68 

325-2 

8351 

17  85 

466-0 

8318 

25-94 

321-7 

8345 

18-54 

447-6 

8299 

27-27 

307-4 

8383 

These   values  are   plotted   in   Fig.  4;  the  radius  of    the   circles 
represents  the   experimental    error   of    the   determinations.      The 
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values  of  pt,  although  varying  considerably,  do  not,  at  low  pressures, 
differ  by  more  than  the  experimental  error.  At  higher  pressures, 
pt  rises  above  its  normal  value,  the  increase  becoming  rapid  as  the 
pressure  increases.  The  experimental  error  in  standardising  is 
unfortunately  much  greater  than  that  of  the  viscosity  deter- 
minations. It  is  thus  not  quite  certain  that  the  tube  obeys 
Poiseuille's  law  with  the  necessary  accuracy.  The  following  facts, 
however,  indicate  that  the  assumption  is  justifiable : 

(1)  Within  the  attainable  limits  of  accuracy  of  standardisation 
no  deviation  from  Poiseuille's  law  can  be  detected  until  the  time 
of  flow  falls  well  below  the  minimum  time  of  flow  in  the  actual 
determinations. 

VOI^  xrvii.  6  Q 


2010         APPLEBEY  :   THE   VISCOSITY   OF   SALT  SOLUTIONS. 

(2)  The  times  of  flow  of  any  pair  of  tubes  filled  with  water  were 
in  the  same  ratio  as  the  times  of  flow  for  any  solution  determined. 
This  shows  that  either  the  tubes  obey  the  law  rigidly,  or  that  they 
all  deviate  to  the  same  extent. 

(3)  The  velocity  of  flow  in  the  capillaries  of  my  viscometer  is 
only  about  one-fifth  of  that  prevailing  in  Grlineisen's  experiments. 
The  correction  applied  by  him  for  deviation  from  Poiseuille's  law 
is  only  0*045  per  cent,  for  a  normal  solution  of  lithium  nitrate. 
It  is  therefore  probable  that  the  deviation  of  my  tubes  from 
Poiseuille's  law  is  not  more  than  0"01  per  cent.,  and  is  consequently 
negligible  for  solutions  less  concentrated  than  normal. 

Time. — This  was  measured  by  means  of  a  carefully  tested  stop- 
watch, which  was  always  in  a  constant  state  as  regards  winding  at 
the  beginning  of  each  determination  (the  watch  was  always  wound 
to  its  fullest  extent  half  an  hour  before  filling  the  viscometer).  In 
the  later  experiments  an  electromagnetic  device  was  used  to  start 
and  stop  the  watch.  The  error  in  time  determinations  with  a 
stop-watch  is  not  greater  than  0*2  sec,  and  with  a  large  number 
of  determinations  the  error  of  the  mean  result  is  not  more  than 
0*1  sec.  This  is  an  error  of  1  in  8000  at  its  maximum.  In  view  of 
the  magnitude  of  the  other  errors  of  the  determinations,  particularly 
the  temperature  effect,  since  with  water  a  difference  of  0'005°  at 
18°  produces  a  change  of  0"2  sec.  in  the  time  of  flow  of  the  quickest 
tube  used,  it  seemed  useless  to  attempt  any  more  accurate  deter- 
mination of  time. 

Gleaning. — As  the  deposition  of  the  least  particle  of  solid  in 
the  capillary  introduces  errors  far  larger  than  the  variations  in 
viscosity  which  the  viscometers  were  designed  to  measure,  it  is  of 
the  greatest  importance  to  clean  the  tubes  thoroughly  after  each 
determination  with  water  containing  no  solid  matter  in  solution 
or  suspended. 

In  this  research,  conductivity  water  made  by  distillation  in  a 
closed  apparatus  (Hartley,  Campbell,  and  Poole,  Trans.,  1908,  93, 
428)  was  used  for  washing  the  tubes.  Before  use  it  was  carefully 
examined  to  see  whether  it  contained  any  solid  matter. 

The  conductivity  of  water  gives  no  certain  indication  of  its 
suitability  for  this  purpose,  for  the  conducting  impurities  remaining 
in  a  sample  of  good,  distilled  water  are  volatile  (carbon  dioxide  and 
ammonia)  and  have  no  effect  in  the  viscometer,  whilst,  on  the  other 
hand,  organic  impurities  or  suspended  solids  render  the  water 
useless,  although  their  presence  is  not  indicated  by  conductivity 
determinations.  Consequently  those  samples  of  water  which  showed 
no  suspended  solid  were  chosen  rather  than  those  with  a  low 
conductivity.     The  average  conductivity    of   the   water  used    was 
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about  1  X  10-^  mho  at  18°.  The  water  was  quite  free  from  organic 
impurities. 

In  spite  of  all  precautions,  the  tubes  frequently  became  con- 
taminated with  dust.  When  this  happened,  the  tube  was  charged 
with  a  few  c.c.  of  nitric  acid  and  one  drop  of  alcohol,  and  left 
overnight. 

The  presence  of  dust  is  betrayed  by  (1)  the  irregularity  of  the 
results;  (2)  the  failure  of  the  tube  to  give  the  same  time  of  flow 
for  water  after  washing  and  drying. 

After  cleaning,  the  tube  is  dried  by  gentle  heating,  while  a 
current  of  air,  freed  from  dust  by  passage  through  cotton-wool,  is 
drawn  through  it. 

Filling. — The  viscometers  are  filled  by  pipettes  of  such  content 
as  to  fill  them  from  the  middle  of  the  upper  to  the  middle  of  the 
lower  bulb.  With  this  arrangement  the  alteration  of  hydrostatic 
pressure  due  to  small  variations  in  the  volume  filled  in  by  the 
pipette  is  a  minimum.  The  liquid  (and,  if  necessary,  the  pipette) 
to  be  used  is  first  brought  to  the  temperature  at  which  the  experi- 
ment is  to  take  pla<;e.  The  error  of  the  pipettes  was  measured  by 
weighing  successive  fillings  of  water.  The  greatest  variation  in  six 
fillings  of  an  8'7  c.c.  pipette  was  0'0022  c.c.  Since  the  average 
diameter  of  the  lower  bulbs  of  the  viscometers  at  their  widest 
parts  was  3" 8  cm.,  the  greatest  error  occasioned  by  variations  in 
the  volume  of  liquid  delivered  by  the  pipette  will  be 

00022  ^0.000194  cp, 

1-92  XTT 

in  the  head  of  liquid,  and  since  the  average  head  is  10'6  cm.  of 
water,  the  error  so  occasioned  is  only  0002  per  cent.,  which  is 
considerably  less  than  the  errors  in  determining  the  times  of  flow. 
The  use  of  a  pipette  for  filling  the  viscometer  is  therefore  justified. 

When  filled,  the  viscometer  is  fitted  with  the  apparatus  shown 
in  Fig.  2  (.1),  the  object  of  which  is  to  allow  the  liquid  in  the 
viscometer  to  be  forced  up  the  capillary,  and  to  run  down  without 
contact  with  dusty  air.  The  liquid  is  forced  up  by  pinching  the 
rubber  tubing  A,  and  applying  pressure  by  means  of  a  small  hand- 
bellowa  at  li.  The  air  which  enters  is  freed  from  dust  by  a  tight 
cotton-wool  plug  in  C*  When  the  liquid  has  risen  above  the 
upper  mark,  the  tube  A  is  released,  and  the  air  pressure  equalises 
itself  on  the  two  sides  of  the  viscometer.  During  the  actual  experi- 
ment no  air  from  the  outside  enters.  The  friction  of  the  air  in  .4 
was  found  to  be  negligible. 

As  it  is  of  great  importance  that  the  viscometer  should  be  fixed 

When  tho  liquid  in  the  viscometer  is  hygroscopic,  and  in  all  low  temperatan 
experiments  the  air  is  dried  before  passing  into  B. 

6  Q  2 


2012         APPLEBEY  :   THE   VISCOSITY   OF   SALT   SOLUTIONS. 

rigidly  and  always  in  exactly  the  same  position,  a  special  holder  was 
designed  [Fig.  2  {B)].  The  viscometer  is  fixed  by  means  of  the 
screw  A  with  its  wider  arm  resting  in  two  V  grooves  B,  B  and  a 
cross  (  X  in  Fig.  2)  etched  on  the  capillary,  resting  vipon  a  line 
scratched  on  the  side-piece  C.  The  whole  apparatus,  which  is 
constructed  of  stout  brass,  is  now  fitted  on  the  brass  plate  D,  three 
steel  points  E,  E,  E  fitting  exactly  into  three  conical  holes  F,  F,  F. 
The  points  being  fitted,  the  two  parts  are  fixed  together  rigidly  by 
a  nut  which  is  screwed  down  on  the  screw  G,  which  passes  through 
a  hole  in  the  front  plate.  (The  nut  must  not  be  screwed  down  too 
tightly,  or  the  steel  points  may  be  distorted.) 

The  back  plate  is  firmly  attached  to  a  wooden  cross-piece  supported 
by  two  wooden  uprights  fixed  firmly  to  the  bench  and  supported 
by  stays  so  as  to  be  very  rigid.  The  wooden  parts  were  made  of 
well-seasoned  wood  to  avoid  warping.  With  this  apparatus  the 
viscometer  can  be  brought  to  exactly  the  same  position  for  each 
determination. 

Temperature. — Experiments  were  carried  out  at  25°,  18°,  and  0°. 
For  the  experiments  at  25°  and  18°  the  viscometers  were  immersed 
in  thermostats  holding  30  to  40  litres  of  water,  which  was  kept  in 
rapid  motion  by  a  good  stirrer.  Constancy  of  temperature  was 
secured  by  Lowry  spiral  regulators,  gas  heating  being  used  for  the 
25°  bath,  electric  for  the  18°  bath.  No  variation  of  temperature 
was  ever  observed  on  a  thermometer  divided  into  wide  twentieths, 
which  could  be  read  to  0'005°.  The  0°  bath  was  a  well-stirred 
mixture  of  crushed  ice  and  water.  It  usually  remained  constant 
to  0'02°  during  an  experiment.  The  results  were  calculated  to  0° 
by  the  use  of  a  temperature  correction. 

Method  of  Experiment. — The  time  of  flow  is  found  for  pure 
conductivity  water,  viscometer  and  pipette  are  then  dried,  and  the 
solution  to  be  determined  is  filled  in.  The  time  of  flow  is  then 
measured  several  times.  Finally,  the  viscometer  and  pipette  are 
again  cleaned  and  dried,  and  the  water  value  is  again  determined. 
This  precaution  is  necessary,  as  the  water  values  sometimes  slowly 
increase  during  successive  fillings,  owing  to  contamination  with 
organic  matter  or  incomplete  washings,  and  the  change  is  so  small 
as  to  escape  notice  in  any  other  way.  In  most  of  the  determinations 
performed  in  this  research,  the  original  and  final  water  values 
agreed  to  0*2  sec.  In  a  few  cases,  where  it  was  obvious  by  the 
appearance  of  a  large  and  irregular  water  value  after  a  constant 
solution  value  that  contamination  had  occurred  in  the  final  water 
filling  only,  the  original  water  value  was  used  in  calculation. 
Calculation  of  Results. — The  simple  Poiseuille  law  gives: 
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where         rj   =   viscosity, 

t    =    time  of  flow, 

p  =  hydrostatic  pressure  in  the  tube,  and 
r]Q,  Iq,  and  Pq  are  the  corresponding  values  for  water. 
The  average  pressure  producing  flow  is  that  of  a  column  of  water 
equal  to  the  mean  difference  in  level  diminished  by  a  quantity 
expressing  the  buoyancy  of  the  air  in  which  the  experiment  takes 
place,  and  by  a  quantity  depending  on  the  surface  effects,  pro- 
portional to  the  surface  tension.  This  pressure  has  been  determined 
in  the  course  of  standardising  the  tubes.     It  is  equal  to : 

B{8, -\)-Kyo, 
where  //  =    mean  difference  of  level, 
Sq     —    density  of  water, 
A     =        ,,  ,,  air, 

Yq   =   surface  tension  of  water, 
and       K   =   a  constant  depending  on  the  form  of  the  apparatus. 

All  the  other  terms  in  this  expression  being  known,  the  constant 
can  be  evaluated. 

The  pressure  for  the  liquid  to  be  determined  will  be : 

E{8  -  X)  -  Ky. 

The  relative  viscosity  rjfrjQ  is  therefore  given  by  the  expression : 

H{8 -X.)-Ky    t_ 

or  <  H{s-\)-Ky 

v/heie  P  is  the  hydrostatic  pressure  in  cm.  of  water  as  measured  in 
standardisation : 

or  1  iz^  ff-^y/» 

where  the  small  correction  \  is  omitted  from  the  surface-tension 
factor. 

It  is  to  be  noted  that  no  kinetic  energy  correction  is  to  be 
applied  in  calculating  the  results  of  experiments  with  viscometers 
in  which  the  capillary  opens  into  a  reservoir  of  the  same  liquid. 
The  correction  calculated  by  earlier  observers  (Hagenbach,  Pogg. 
Ann.,  1860,  109,  385;  Finkener,  see  Gartenmeister,  Zeitsch. 
physikal.  Chem.,  1891,  6,  524)  is  only  applicable  when  the  liquid 
flows  from  the  capillary  directly  into  the  air.  In  viscometers  of 
Ostwald  type,  however,  the  gain  of  kinetic  energy  at  the  beginning 
of  the  capillary  is  balanced  by  a  loss  of  kinetic  energy  on  emerging 
from  the  capillary  into  the  lower  bulb.  The  net  increase  of  kinetic 
energy  is  therefore  negligible,  especially  in  viscometers  of  the  slow- 
flow  type  described  in   the  foregoing.     Griineisen  has  shown  that 
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the  introduction  of  such  a  correction  into  the  qyt  values  in 
standardising  a  good  tube  entirely  destroys  the  regularity  of  the 
results.  I  have  therefore  followed  his  practice,  and  omitted  any 
correction  for  kinetic  energy. 

The  times  of  flow  for  water  in  the  viscometers  used  are  given  in 
the  following  table: 


Table  III. — Times 

of  flow  for  water  (in  seconds). 

Time  of  flow 

Time  of  flow 

Time  of  flow 

Viscometer. 

at  25-01°. 

at  18°. 

atO". 

4 

1023-8 

1207-7 

2053-8 

B, 

800-2 

943-5 

1604-4 

S 

703-6 

830-3 

1411-6 

A 

— 

6013-9 

— 

B 

— 

7381-1 

-  — 

The  slow  tubes  A  and  B  were  only  used  for  very  dilute  solutions. 
Since  the  Griineisen  correction  for  these  determinations  would  have 


Fig.  5. 
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1-010 


1-005 


1-000 


0-05  010 

Normality. 


been  negligible,  these  tubes  were  not  standardised.  The  viscosity 
determinations  are  given  in  tables  IV,  V,  and  VI.  The  viscosities 
of  the  solutions  at  18°  are  calculated  from  the  equation  developed 
above. 

The    surface    tensions     are    interpolated    from    the    values     of 
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Gradenwitz  (Diss.  Breslau,  1902)  and  Piepenstock  (Diss.  Munich, 
1908).  These  determinations  were  unfortunately  only  carried  out 
at  18°.  The  introduction  of  the  surface-tension  correction  into  the 
results  at  25 '01°  and  0°  has  therefore  been  impossible.  At  these 
temperatures  the  relative  viscosities  are  calculated  by  the  simple 
formula 

/         i(s  -  A) 
<o(«o  -  ^) 

For  the  purpose  of  comparison,  the  uncorrected  viscosities  at  18° 
are  included  in  table  V. 


Viscosity 
increment 


Fig.  6. 
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The  viscosities  of  the  more  dilute  solutions  at  18°  are  plotted  in 
Fig.  5,  while  the  molecular  viscosity  increments  at  the  three  tem- 
peratures are  given  by  Fig.  6.  Fig.  6  also  contains  Griineisen's 
values  at  18°  and  the  curve  given  by  his  equation: 

m 
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Table  IV. 
Viscosities  at  25"01°. 


4 
S. 

,0-99777 
0-99776 

0-99824 
0-99827 

0-99933 
0-99934 

1-00035 
1  -00038 

1-00135 
1-00135 


1-00642 
1-00642 

1-01008 
1-01008 

1-01159 
1-01159 

1-01884 
1-01882 

1-03240 


1-03656 
1-03660 

1  05134 
1-05146 

1-09364 
1-09365 

1-17009 
1-17006 

1-20848 
1-20833 

1-28344 
1-28340 


Conceutratiou 

m.  lOm^. 

00174  2-59 


0-0-299 
0-0567 
0-0825 
0-1071 

0-2333 

0-3238 
0-3643 
0-5385 
0-8666 

0-9663 


3  10 
3-84 
4-355 

4-75 

6-155 

6-867 
7-142 
8-136 
9-533 

9-886 


1-316 

10-96 

2-2719 

13-146 

3-8541 

15-678 

4-678 

16-60 

5-849 

18-02 

Relative  viscosity  Mean 
Visco-  ,  _(s  -\)t  relative 
meter.  '''''<' 


S 
4 

S 
E 
4 

E 

S 
4 

S 
4 
iS 

4 

S 
E 

E 

S 
4 

4 
S 

4 
S 

S 
E 

4 
E 

4 

S 
E 

E 

S 

s 

E 

S 
E 


(5o-A)«o'    Viscosity. 
1  -00255 
1-00265 


1-0026 


1-00405 
1  -00395 
1-00395 

1-00675 

1-0068 

1-0066 

1-00985 
1-01005 
1-0097 

1-01265 
1-01-245 
1-01245 

1-0264 
1-0266 
10271 

1-0356 
1-03525 

1 -C402 
1-0408 

1  0597 
1-0598 

1  -0979 
1-09805 

1-1117 

1-11145 

1-1104 


•1567  . 
•1567 

•31515 
•3151 


1-74095 
1-74055 

2-0577 

3-027 
3-024 


1-0040 
1-0067 
1-0099 

1-0125 

1  0267 

1-0354 

1-0405 
1  05975 
1-0980 

1-1112 

1-1567 

1-3151 

1-74075 

2-0577 

3-0255 


Viscosity 
increment 

vho  - 1 
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2017 


^  t 


[Solution 

made  up   ^.^^.^^^ 
by 

weight] 
0-99760 

0-99759      0-0131 
0-99758 


Table  V. 

Viscosities 

at  18°. 

H  =  1099 
P  =10-60 

A   =   0-39. 

-u 

-r- 

^f  ^ 

i     . 

S 

a% 

S!22 

>1? 

£ 

O  ^" 

S    >  1     1 

s 
_> 

^ 

o 

.§ 

X 

=5    5 
o  ^ — ' 

I,  — 

—    o 

1      l--^ 

5 

o  —^ 

:-^         =-3 

.2    "»     II 

S 

'> 

M 

—         X  ±:.       >•    1-1  ??; 


1-93    0-99892    10004  ^    p2oi27    ^'^^l'^^    1-0C125    0-172 


0-99858 
0-99858 


1-00019 
1-00022 

1-00285 
1  00285 

1-00771 
1-00771 

1-0-2563 
1-02562 

1-05003 
1  05001 

1  05811 
1-05806 

1  10498 
1-10498 

1  10644 
110643 

1  13341 
1-13342 
1-1-3343 

114122 
1-14120 

1-1968 
1-1970 


0-0784 


0-1446 


0-2653 


l'-283 


1-471 


2-528 


2-550 


3279 


4-363 


2-36 


0-99916 
0-99915 


1  0007   ^    \ 


0-0379        3-86    100016    10014 


,sr  1 

R  1 

4  1 

A  1 


00200 
00199 

0047 
0047 
0047 
00469 


4-28 
5-25 


1-00183 
1-00183 

1  -00452 


4    1 
1-0023     S  1 

a  1 


1-0036 


0  7034        8-89 


1  00453 
6-43    1-00951    1-0061 
1  -02769 


4  1 

5  1 

4  1 

5  1 


10151     4    1 


1  -02768 
10-87    1-05-245    1-0273 


11  37 
13-62 
13-66 


06066 
06061 

10812 
10812 

10959 
10956 


1-0313 


S  1 

Ji  1 

4  1 

.S'  1 


100200    100201    0-153 


10047      1-0047      0-1-24 


00905 

0089      1-00905 

0092 


1-0090      0-115 


0156 
0153 


0278 
0278 


1-01545  1-01535  0  106 

1-0278  10276  0104 

0737      10737  1-0731  0  1039 

1-14395  1  14-29  01113 


1441 
1438 


1697 

17015    1-1699 


Ji   1  1699 


1-16865    0-1147 


105<J«    I  I-3I995    1-34985 


.9  1-3579 
1-0512    li  1-3579 
4    1-38795 


1  -3579 


1  3172 
1  -3552 


0-1373 
0-1393 


3-120        14-61    1-13685    10618    R   14906      1-4906      148695    0  1561 


14  86    WM^.    1-0648     1  V;H!!.    1-5367 


114475 
1  -2008 


R   1  53685 
4    1  9346 


l«-34    IwTo      1-0«12    ^   J  334^ 


1-9346 


1-5327 
1-9274 


0*1624 
0-2125 
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Table  VI. 

Viscosities  at  0°. 

[Solution 

made  up 

by  weiglit] 

Concen- 
tration 
m. 

0-0401 

lOwij. 
3-42 

1-00161 
1  00161 

Visco- 
meter. 

4 
R 
S 

Kelative 

viscosity 

»7  _(»  -A)« 

'70     («o-^)'o" 
1-0032, 
1  00323 
1-0032 

Mean 

relative 

viscosity. 

1  -0032 

Viscosity 
incre- 
ment 

v/vo  - 1 
in 

0-080 

1-00039 
1-00038 

0-0833 

4-37 

1-00347 
1-00352 

S 

1-0058 

1-0058 

0-070 

[Solution 

made  up 

by  weight] 

0-1026 

4-68 

1-00447 
1-00449 

4 

1-0077 
1-00755 

1-0076 

0-074 

1-00626 
1-00626 

0-2294 

6-12 

1-00990 
1  00990 

li 

4 

1-0156 
1-0153 

101545 

0-0675 

1-01391 
1-01389 

0-4179 

7-48 

1-01818 
1-01815 
1-01817 

4 
S 
4 
E 

1-0278 
1-0279 
1-02775 
1-0278 

1-0278 

0-0665 

1-01650 
1-01651 

0-4818 

7-81 

1-02099 

4 
H 
4 

1-0324 

1-03255 

1-0326 

1-0325 

0-0675 

1-03-206 
1-03203 

0-8577 

9-50 

1-03775 

1-0616 
1-0616 

1-0616 

0-0718 

1-04364 
1-04368 

1-134 

10-40 

1-05021 
1-05019 

E 

S 
4 

1-0873 
1-0875 
1-08775 

1-0875 

0-0772 

1-06247 
1-06248 

1-572 

11-63 

1-07040 
1-07036 

4 
4 

6' 

1-1344 
1-1346 
1-1344 

11345 

0-0855 

1-08578 
1-08583 
1-08578 

2-099 

12-80 

1-09505 

4 
E 
S 

1-2067 

1-20675 

1-2066 

1-2067 

0  0984 

1-10451 
1-10451 

2-508 

13-59 

1-11466 
1-11453 
1-11466 

E 
S 
4 

1-2768 
1-2771 
1-2770 

1-2770 

0-1104 

Discussion  of  Results. — The  viscosities  determined  at  18°  agree 
very  satisfactorily  with  those  obtained  by  Griineisen.  The  values 
obtained  for  the  most  dilute  solutions,  however,  differ  considerably 
from  those  calculated  from  the  formula  proposed  by  him.  The 
course  of  the  curve  given  by  Griineisen's  equation : 

m 
is  shown  by  the  dotted  line  in  Fig.  6.     When  m  =  0,  that  is,  at 

infinite  dilution,  o  =  l  and   ^^^"~    =A.   The  increment  curve  ought 
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therefore  to  cut  the  axis  of  ordinates  at  a  distance  A  from  the 
origin.  The  value  of  A  given  by  Griineisen  is  0' 15868.  The  actual 
course  of  the  increment  curve  is,  however,  quite  different.  The 
values  obtained  in  the  most  dilute  solutions  are  already  much 
greater  than  this  value,  and  the  curve  is  still  rising. 

It  may  be  noted  that  the  most  dilute  point  obtained  by  Griineisen 
himself  also  lies  considerably  higher  than  the  value  calculated  from 
his  equation.  Nor  is  this  an  isolated  case.  Out  of  ten  salts 
investigated  by  him  at  sufficiently  great  dilution,  in  eight  the  most 
dilute  solutions  give  values  too  high  for  his  equation.     The  deter- 

mination  of  ^^^5 —    for  these  dilute  solutions  involves  a  very  large 
m 

experimental  error,  as  has  been  indicated  by  the  size  of  the  circles 

round  the  determined  points  in  Fig.  6.     The  general  nature  of  the 

phenomenon  nevertheless  precludes  the  viev?^  that  these  high  values 

are  due  to  errors  of  determination,  for,  if  that  were  the  case,  the 

determinations  should  be  equally  distributed  above  and  below  the 

calculated  curve. 

These  considerations,  together  with  the  determinations  at  greater 
dilutions  than  Griineisen's,  show  that,  although  his  equation  repre- 
sents the  facts  over  a  certain  range,  it  is  not  valid  for  all 
concentrations, 

Griineisen's  equation  contain^  the  assumption  that  the  effects  of 
ion  and  undissociated  salt  respectively  are  distinct  and  separable, 
and  that  each  is  in  all  cases  proportional  to  the  concentration  of 
the  component  considered.  The  second  assumption  can  only  be  true 
if  the  process  of  solution  is  simply  a  mechanical  mixing. 

There  is  general  agreement  among  physical  chemists  that  the 
process  of  ionisation  in  electrolytes  is  accompanied  by  combination 
between  the  ions  and  the  water  molecules.  Since  water  is  a  highly 
associated  substance  and  consists  of  a  mixture  of  simple  and 
polymerised  molecules,  the  extraction  of  water  molecules  from  the 
system  by  the  ions  of  the  salt  must  be  accompanied  by  a  readjust- 
ment of  the  water  equilibrium,  polymerised  molecules  breaking 
down  in  order  to  restore  the  equilibrium.  The  effect  of  the  ions 
on  the  viscosity  of  the  system  is  therefore  twofold:  (1)  the  simple 
mixture  effect,  increasing  the  viscosity  by  reason  of  the  great  size 
of  the  hydrated  ions;  (2)  the  effect  on  the  water  equilibrium.* 

It  should  be  noted  that  the  effect  of  the  salt  on  the  water  equilibrium  does  not 
involve  a  change  in  the  equilibrium  constant,  but  is  simply  a  dilution  effect  similar 
to  that  observed  by  Dixon  and  Peterkin  on  diluting  nitrogen  peroxide  with  an  inert 
gas  (Trans.,  1899,  75,  613).  Thus,  if  the  concentrations  of  simple  and  polymerised 
molecules  in  pure  water  be  r,  and  <•„  and  the  addition  of  an  ionised  substance  lead  to 
the  extraction  of  x  simple  molecules  of  water,  the  concentrations  of  simple  and  poly- 
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The  disappearance  of  the  maximum  density  phenomenon  when 
salts  are  dissolved  in  water  shows  that  the  effect  on  the  water 
equilibrium  is  a  depolymerisation.  This  effect  will  therefore  lead 
to  a  diminution  of  viscosity.  The  diminution  will  not,  however, 
depend  alone  on  the  concentration  of  the  ions,  but  also  on 
the  amount  of  polymeride  present.  The  effect  will  thus  slowly 
decrease  with  successive  additions  of  salt. 

Another  factor  of  which  we  must  not  lose  sight  is  the  change 
in  size  of  the  solvent  envelope  round  the  ion,  the  amount  of  water 
combined  with  each  ion  becoming  greater  on  dilution. 

In  the  following  pages  an  attempt  has  been  made  to  deduce  a 
theoretical  connexion  between  the  viscosity  of  a  solution  and  the 
molecular  and  ionic  phenomena  involved  in  its  formation. 

It  has  been  tacitly  assumed  in  the  above  that  viscosity  is  a  direct 
function  of  molecular  size.  The  general  validity  of  this  relation  is 
established  by  the  following  facts  : 

(1)  Liquids  which  are  known  to  be  highly  associated  have  usually 
also  a  high  viscosity.     The  following  examples  may  be  cited : 

Association  Factor.*  Viscosity  at  20°.+ 

Propyl  alcohol   225  .  0-0223 

tsoPropyl  alcohol  2-86  0-0243 

a/S-Dihydroxypropane  (large)  0-4479 

Glycerol  (very  large)  10-69       (at  18 -28°)  J 

Ethyl  alcohol 2-^4  0-01202 

Acetic  acid 3-62  0-01232 

Ethyl  acetate 099  000451 

Ethyl  ether     099  0-00237 

*  Ramsay  and  Shields,  Trans.,  1893,  63,  1089. 

t  Gartenmeister,  Zeitsch.  physikal.  Chem.,  1891,  6,  624. 

t  0.  G.  Jones,  Phil.  Mag.,  1894,  [v],  37,  451. 

(2)  The  work  of  Heydweiller  {Wied.  Ann.,  1895,  59,  193)  on 
the  viscosity  of  liquids  at  high  temperatures.  The  viscosity  of 
water  diminishes  much  more  rapidly  than  that  of  unassociated 
liquids  when  the  temperature  is  raised  from  0°  to  50°.  Above  50°, 
when  the  association  is  small,  the  rate  of  diminution  is  approximately 
the  same  as  that  of  unassociated  liquids. 

merised  molecules  in  the  solution  will  be  c\  and  c'„,  where  (neglecting  the  change  of 
volume  on  solution) 

Cj  +  nc„  =  c\  +  nc'„  +  x, 

and  £1^^=11"  =i, 

from  which  it  follows  that,  since  a;  is  a  positive  quantity, 

Cn  C  ft 

or  that  the  extraction  of  simple  molecules  by  the  salt  leads  to  a  diminution  in  the 
association  of  the  water  remaining. 
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(3)  The  effect  of  pressure  on  the  viscosity  of  water  (Cohn,  Wied. 
Ann.,  1892,  45,  666).  An  increase  of  pressure  always  brings  about 
an  increase  in  viscosity  in  the  case  of  non-associated  liquids.  At  low 
temperatures  the  viscosity  of  water,  however,  first  diminishes  with 
increase  of  pressure,  reaches  a  minimum  value,  and  then  rises  in 
the  normal  manner.  Since  the  association  of  water  is  accompanied 
by  an  increase  of  volume,  as  is  shown  by  the  maximum  density 
phenomenon,  the  effect  of  pressure  must  be  to  break  down  the 
associated  molecules.  The  marked  diminution  in  viscosity,  which 
is  superimposed  on,  and  in  the  initial  stages  entirely  masks,  the 
normal  effect  of  pressure,  can  only  be  occasioned  by  this  diminution 
in  molecular  size. 

(4)  The  effect  of  different  ions  on  the  viscosity  of  water  is  in  the 
reverse  order  of  their  mobilities,  for  example: 

Viscosity  of  Mobility 

Salt.                                      iVyiO-solution  at  18°.  of  cation. 

*  Lithium  nitrate    10113  426 

tSodium        ,,        10044  52-6 

+  Potassium   „        0  9941  755 

+  Caesium       ,,        0-9933  788 

*  Applebey.  t  Griiueisen,  loc.  cil. 

Z  Unpublished  result  kindly  communicated  by  Mr.  T.  R.  Merton. 

There  is  much  evidence  to  show  that  ions  of  small  mobility  are 
heavily  loaded  with  water  molecules,  and  are  thus  larger  than  the 
more  mobile  ions. 

Since  the  ions  in  a  salt  solution  are  enclosed  in  a  water  envelope, 
it  is  probably  justifiable  to  neglect  the  specific  chemical  difference 
between  hydrated  ion  and  water-molecule,  and  to  assume  a  rigid 
connexion  between  mean  molecular  volume  and  viscosity.  As  the 
simplest  assumption,  it  has  been  supposed  that  these  quantities  are 
directly  proportional.* 

The  different  molecular  species  present  in  a  salt  solution  are : 

(a)  Simple  water  molecules,  HgO; 

(6)  associated  water  molecules,  assumed  to  be  triple,  (H20)3; 

(c)    ions,  hydrated  to  an  unknown  extent,  Li"*"  +xll^O,  N()j~  4-yH,0; 

{d)  undissociated  molecules,  possibly  combined  with  water, 
LiNOa; 

(e)  in  strong  solutions  salt  complexes,  (LiNOj)^. 

The  two  kinds  of  water  molecule  are  in  kinetic  equilibrium  with 
one  another.  Their  proportions  in  pure  water  can  be  obtained 
from  the  association  constant  in  the  following  manner: 

Dunstan  and  Thole  have  shown  that  these  quantities  are  approximat<'Iy 
proportional  for  ilifTercnt  organic  liquids  which  are  not  associate<l  (Proc.,  1907,  23, 
19). 
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Let  a  be  the  association  factor  for  water  at  18°. 

Cj  „     „    concentration    of    single    molecules    HgO    in    gram- 
molecules  per  litre. 
Cg    „    „    concentration   of  -triple  molecules    (^.f))^    in    gram- 
molecules  per  litre. 

Then  ^^3  +  ^1    =   a, 

C3  +  C1 

■  and  54C3  +  ^^''i  —  1000s,  where  s  is  the  density  of  water. 
Then  {^—a)c^  =  {a-\)c^,OTc^  =  c■^^-^, 

and  ^.fclL)c,  -H  1 8c,  =  1 000s, 

3— a 

whence  lOOO^Q-.)  „„j  IMfMo-l) 

^  36a  ^  36a 

Now  for  the  equilibrium  (H20)3  ::=^  SHgO 

we  have  -A   =  jt, 


whence  ;t=    I296ja-ll«^^ 

1 06^2(3  _  a)3 

Taking  at  18°  Ramsay's  value  of  1*65  for  the  association  constant 
(Zeitsch.  'physikal.  Chem.,  1895,  15,  106)  and  0*99863  as  the  density, 
A;  =0-0009347. 

The  value  of  k  thus  found  can  be  used  to  calculate  the  effect  of 
the  salt  on  the  water  equilibrium. 

Taking  a  solution  of  weight  normality  m,  density  s,  and  degree 
of  ionisation  a, 

1000  CO.  of  the  solution  weigh  1000s  grams. 

Of  this  the  salt  accounts  for  Mms  grams  (where  ^  =  molecular 
weight  of  the  salt),  leaving  (1000  — i/ms)  grams  of  water. 

Now,  if  w  be  the  average  hydration  number  for  the  two  ions, 
that  is,  if  1  gram-molecule  of  the  salt,  completely  ionised,  combines 
with  2w  molecules  of  water,  the  amount  of  water  thus  removed 
from  the  system  is  : 

Imusw  X  18  grams. 

The  free  water  is  therefore  reduced  to: 

(1000  —  Mm  —  3Qmaw)s  grams. 
Letting  Cj  and  Cg  as  before  represent  the  concentration  of  single 
and  triple  molecules,  we  have: 

54c3  -h  18ci  =  (1000  -  Mm  -  36maw)s, 
or,  since  c^  =  kxci^, 

54A;ci8  +  IScj  =  (1000  -  Mm  -  36wow)«, 
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from  which  Cj  and  Cg  can  be  obtained  (most  conveniently  by  trial). 
The  total  number  of  gram-molecules  in  a  litre  of  solution  is : 

Ci  +  C2  +  ms{l  +  a). 

The  mean  molecular  volume  is  therefore: 

1000 
c^  +  c^  +  ms(l+a) 

The  mean  molecular  volume  in  pure  water  is: 

1000 
c\  +  c'3' 

where  c\   and    c'3  are  the    concentrations    of    single    and    triple 
molecules  in  pure  water. 

On   the    assumption    that    viscosity    is    proportional     to     mean 
molecular  volume,  we  have  therefore: 


Vo         Cj  +  C3  +  7n«(l +a) 

Owing  to  the  absence  of  accurate  determinations  of  several  of 
the  quantities  involved  in  this  treatment,  and  especially  of  the 
hydration  numbers  at  different  concentrations,  it  is  at  present 
impossible  to  submit  the  equation  to  a  quantitative  test.  It  may, 
however,  be  noted  that  the  course  of  the  calculated  viscosity 
increment  curve  corresponding  with  the  equation  agrees  with  the 
actual  form  observed  in  one  important  respect.  The  calculated 
curve  shows  the  phenomenon  of  a  minimum  increment  at  about 
0"5  normal,  as  does  the  observed  curve.  As  an  illustration  of  this 
there  has  been  included  in  Fig.  6  a  curve  representing  the  viscosity 
increment  calculated  on  the  assumption  that  the  hydration  of  the 
ions  is  constant  and  equal  to  6'3  molecules  of  water  per  ion.  The 
curve  has  been  calculated  with  Ramsay's  value  for  the  association 
of  water  at  18°,  and  with  values  of  o  obtained  from  Kohlrausch 
and  Maltby's  conductivity  determinations  {Sitzungsher.  K.  Akad. 
Wi$s.  Berlin,  1899,  655)  by  means  of  the  relation : 

X  n 

a   =  - —    X    -t-, 

where  X  =  molecular  conductivity,  and  \^  =  molecular  conductivity  at 
inBnite  dilutiou. 

The  calculated  curve  differs  considerably  from  the  observed, 
although  they  are  of  the  same  general  shape.  A  very  inconsiderable 
change  in  hydration  is,  however,  sufficient  to  bring  the  curves  into 
harmony.  The  values  of  the  hydration  necessary  have  been  found 
by  trial,  and  are  collected  in  the  following  table: 
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Hydration  calculated  from 

viscosity  in  gram-niolcculcs 

of  water  jicr  grani-niolecule 

Nonuality. 

of  ion. 

0-00724 

8  0 

0-0131 

7-5 

00379 

6-5 

0-0784 

6-3 

0-1446 

6-1 

0-2653 

6-1 

0-7034 

6-05 

1-0 

6-05 

These  values  are  in  good  agreement  -with  those  obtained  by  other 
methods  for  various  salts.  For  lithium  nitrate  itself  W3anper 
{Proc.  Roy.  Soc,  1907,  79,  576)  obtained  a  value  of  13  for  the 
hydration  of  a  molecule  of  the  salt  in  a  normal  solution  (from  the 
"  neutral  salt  effect "  in  the  inversion  of  sucrose).  For  potassium 
chloride  in  normal  solution,  Philip  {Trans.  Faraday  Soc,  1907,  3, 
145)  gives  9-4,  and  Caldwell  {Proc.  Boy.  Soc,  1906,  78,  290)  11 
molecules  of  -water  per  molecule  of  salt,  -whilst  for  more  dilute 
solutions  Bousfield  (Proc  Roy.  Soc,  1904,  76,  563)  gives  12.  In 
accordance  -with  its  smaller  mobility,  the  lithium  ion  seems  to  be 
rather  more  hydrated  than  the  potassium  ion. 

From  the  results  obtained  at  25*01°,  the  same  method  of 
calculation  gives  values  for  the  hydration  numbers  about  0'3  higher 
than  those  obtained  at  18°.  A  similar  small  increase  of  hydration 
with  temperature  is  indicated  by  the  conductivity  values  of  many 
salts  (Noyes,  see  Washburn,  Tech.  Quart.,  1908,  21,  425). 

For  other  salts,  Griineisen's  values  at  18°  give: 


Hydration  in 

Salt. 

Normality. 

mols.  per  ion. 

Sodium  nitrate    

01 

3-4 

0-05 

3-5 

Lithium  chloride    .. 

0-1 

8-8 

Salts  which  are  less  hydrated  than  these,  however,  give  impossible 
values.  Thus,  potassium  nitrate  gives  small,  and  caesium  nitrate 
larger,  negative  values.  In  view  of  these  negative  values,  it  may 
be  recalled  that  Rennie,  Higgin  and  Cooke  (Trans.,  1908,  93,  1162) 
found  that  caisium  nitrate  diminished  the  rate  of  solution  of  copper 
in  nitric  acid,  whilst  sodium  nitrate  and  lithium  nitrate  greatly 
accelerated  the  action. 

To  sum  up,  this  method  of  calculating  the  hydration,  like  the 
methods  depending  on  the  concentrating  effect  of  neutral  salts  in 
chemical  reactions,  gives  values  approximating  to  the  truth  for 
substances  which  are  much  hydrated,  but  gives  values  too  low 
for  less  hydrated  substances.  It  is  not  improbable  that  the  failure 
of  all  these  methods  of  calculation  in  this  respect  depends  on  some 
hitherto  unconsidered  factor  in  the  equilibrium  of  salt  solutions 
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which     becomes     of     increasing    importance     as     the     hydration 
diminishes. 

Summury. — 1.  It  has  been  found  possible  to  construct  visco- 
meters in  which  the  flow  of  liquid  is  so  slow  that,  for  solutions  whose 
viscosity  differs  little  from  that  of  water,  Poiseuille's  law  is  obeyed 
with  an  error  of  not  more  than  one  part  in  10,000.  The  methods 
used  in  testing  the  viscometers  are  described. 

2.  A  correction  has  been  introduced  for  the  variation  in  sxirface 
effects  when  different  liquids  are  used  in  the  viscometer. 

3.  Determinations  of  density  and  viscosity  have  been  carried  out 
with  lithium  nitrate  solutions  at  0°,  18°,  and  25°  over  a  large  range 
of  concentration. 

4.  The  formula  of  Griineisen  is  found  not  to  represent  the 
phenomena  of  dilute  solution. 

5.  A  method  of  calculating  the  viscosity  of  salt  solutions  from 
their  hydration  numbers,  or  vice  versa,  has  been  described.  The 
application  of  this  method  to  the  viscosities  of  lithium  nitrate 
solutions  at  18°  gives  results  consistent  with  the  estimates  of  ionic 
hydration  made  by  ether  observers. 

6.  The  application  of  the  method  to  other  salts  is  discussed. 

I  am  greatly  indebted  to  Mr.  D.  H.  Nagel  and  Mr.  H.  B.  Hartley 
for  much  valuable  advice  and  enccuragement  during  the  progress 
of  this  work. 

Physical  Chemistry  Labouatort, 
Balliul  and  Trinitt  Colleges, 
Oxford. 


CCXII. — Triketohydnndene  Hydrate. 

By    SlEOFBIED    RUHEMANN. 

In  a  recent  paper  (this  vol.,  p.  1438)  it  was  shown  that  the  condensa- 
tion product  of  a-hydrindone  with  ^snitrosodimethylaniline,  on  treatment 
with  dilute  sulphuric  acii',  decomposes  with  the  formation  of  triketo. 
hydrindeue  hydrate.     Its  formula  was  represented  thus : 

according  to  which  the  elements  of  water  are  united  with  the  2-ketonic 
group  of  triketohydriadene.  Theie  cannot  be  any  doubt  as  to  the 
correctness  of  this  formula,  because  the  union  of  water  with  any 
otlier  ketonic  group  of  the  tr:kctone  would  produce  a  coloured 
VOL.   XCVII.  0  K 
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compound  owing  to  the  proximity  of  two  ketonic  groups,  whereas 
triketohydrindene     hydrate    is     colourless,     as    is    also    1 : 3-diketo- 

hydrindene,   CQR^<^^^^^GIL^.      Further  evidence  in  support  of  the 

above  formula  is  the  fact  that  the  hydrate,  on  treatment  with 
phosphorus  pentachloride,  is  transformed  into  the  colourless  2  :  2-di- 

chloro'l  :  3-diketohydrindene,   CgH4<C^p^^CCl2.       Triketohydrindene 

also  forms  additive  products  with  other  substances,  such  as  guanidine 
or  benzamidine,  which  are  colourless,  and  therefore  are  to  be  repre- 
sented by  formulae  similar  to  that  of  triketohydrindene  hydrate. 
The   hydrate   further   reacts   with    hydrogen    cyanide   to    yield    the 

unstable  cyanohydrin,  C6H4<Cpr)^C(OH)'CN. 

A  closer  study  of  the  remarkable  behaviour  of  potassium  hydroxide 
towards  the  hydrate  which  was  described  previously  (loc.  cit,  p.  1448) 
led  to  the  following  result.  The  reaction  proceeds  in  three  distinct 
phases,  which  aie  indicated  by  colour  changes.  On  the  addition  of 
the  alkali  to  the  crystals  of  the  hydrate,  they  turn  yellow  and  then 
dissolve  to  form  a  yellow  solution ;  this  subsequently  becomes  blue, 
even  at  the  ordinary  temperature,  if  the  alkali  is  concentrated.  The 
blue  colour,  however,  is  very  fugitive,  and  disappears  on  dilution  with 
water  to  yield  a  colourless  solution.  On  using  dilute  potassium 
hydroxide  (about  15  per  cent.),  the  blue  colour  does  not  appear  unless 
the  temperature  is  raised  immediately  after  the  addition  of  the  alkali 
to  the  hydrate.  The  colourless  alkaline  solution,  which  represents  the 
last  phase  of  the  reaction,  contains  the  potassium  salt  of  o-carboxy- 
mandelic  acid,  C02H'CgH4'CH((.)H)'C02H,  because,  on  treatment  with 
dilute  sulphuric  acid,  it  yields  phthalidecarboxylic  acid, 

g>OH-CO,H. 

The  formation  of  this  acid  leads  to  the  conclusion  that,  under  the 
influence  of  the  alkali,  the  five-carbon  ring  of  triketohydrindene 
ruptures  with  the  formation  of  phenylglyoxal-o-carboxylic  acid, 
COjH'CgH^'CO'CHO,  which  finally  undergoes  the  change  to  phthalide- 
carboxylic acid.  This  behaviour  resembles  in  every  respect  the 
change  which,  by  the  action  of  alkalis,  phenylglyoxal  undergoes  to 
mandelic  acid  : 

CgHj-CO-CHO  — ^  CeH6-CH(0H)-C0.^H. 
The  result  arrived  at  in  examining  the  behaviour  of  triketohydrin- 
dene hydrate  towards  potassium  hydroxide  supports  the  view  which 
was  expressed  before  {loc.  cit.)  concerning  the  product  of  the  action  of 
ammonia  on  the  triketone.  The  formation  of  pheny  Iglyoxal-o-carboxylic 
acid  is  to  be  regarded  as  the  first  change  of  the  triketouic  compound 
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which  is  produced  by  the  alkali,  and  this  view  follows,  also,  from  the 
fact  that  the  yellow  alkaline  liquor  reduces  Fehling's  solution. 
The  explanation  of  the  intermediate  phase  of  the  reaction  which  is 
characterised  by  the  blue  colour  of  the  alkaline  solution  is  difficult, 
because  the  solution  readily  loses  its  colour,  and  passes  into  the  final 
phase  of  the  reaction.  It  is,  therefore,  only  from  analogy  to  the 
changes  which  the  diketopyrrolines  and  the  compounds  with  similar 
structure  undergo,  on  treatment  with  alkalis,  that  a  view  can  be 
expressed  concerning  the  nature  of  the  blue  product.  The  blue 
solution  which,  for  example,  diketodiphenylpyrroline  yieMs  with 
potassium  hydroxide  was  explained  (Trans.,  1909,  95,  984)  by  the 
change  into  its  tautomeric  form  : 

CPh CO  CPh=iC-OH 

CPh'NH-CO  "^  CPh:N-CO  ' 
which  contains  a  phenolic  group  and  has  an  o-quinonoid  structure. 
A  similar  arrangement  may  be  assumed  to  exist  in  the  potassium 
compound  which  is  formed  in  the  second  phase  of  the  action  of  the 
alkali  on  triketohydrindene  hydrate.  Accordingly,  phenylglyoxal-o- 
carboxylic  acid,  which  is  first  produced,  undergoes  ring  formatioo, 
thus : 

CO.CHO  ^\^C(OH)x 

I       II  -^11  ^    » 

^/^COoH  '^/^C(OH)/ 

in  which,  also,  phenolic  groups  are  associated  with  an  o-quinonoid 
structure.  A  substance  with  this  constitution  may  be  supposed  to 
yield  blue  salts  with  alkalis.  These,  like  the  corresponding  salts 
of  the  diketopyrrolines,  are  unstable,  aud,  on  dilution  with  water, 
are  transformed  into  the  salts  of  o-carboxymandelic  acid  : 

^.  ^C(OHK 


^  /^  /6  '^»"*^CH(OH)-CO,H- 

^/  ^C(OH)/ 

The  further  study  of  triketohydrindene  hydrate  led  to  results  which 
appear  to  be  of  great  interest.  It  was  found  that  a  deep  blue  colour 
is  produced  on  warming  a  mixture  of  aqueous  solutions  of  this  com- 
pound and  an  aliphatic  or  an  aliphatic-aromatic  amino-acid  which 
contains  the  amino-group  in  the  side-chain.  As  shown  below,  this 
reaction  has  been  successfully  applied  to  a  number  of  a-amino-acids, 
but  as  yet  only  two  /8-amino-acids  have  been  tested,  and  they  were 
found  to  differ  markedly  from  the  a-amino-acids  in  their  behaviour 
towards  the  triketone,  because  with  them  the  colour  reaction  takes 
place  less  readily,  and  in  the  case  of  ^-amino-/3-phenylpropionic  acid  is 
far   less   intense    than    with    the   corresponding   o  amino-acids.     No 

6  B  2 
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coloration,  however,  is  produced  by  the  triketone  in  solutions  of 
aromatic  amino-acids  which  contain  the  araino-group  in  the  nucleus, 
nor  does  it  occur  with  substituted  amino-acids,  such  as  phenylglycine 
or  hippuric  acid.  On  the  other  hand,  triketohydrindene  hydrate  gives 
a  blue  reaction  with  peptone,  and  this  fact  in  the  light  of  the  results 
indicated  above  leads  to  the  conclusion  that  in  the  peptones,  compounds 
occur  which  contain  the  free  amino-group  of  amino-acids. 

The  same  coloration  is  produced  in  normal  human  urine  on  warming 
it  with  an  aqueous  solution  of  the  reagent.  This  behaviour  agrees  with 
the  observations  of  Abderhalden  and  Pregl  [Zeitsch.  physiol.  Chem.,  1905, 
46,  19  ;  see  also  Abderhalden  and  Schittenhelm,  titc/.,  1906,  47,  1396), 
according  to  which  the  uriLO  contains  a  protein-like  substance.  The 
authors  showed  that  it  does  not  contain  free  amino-acids,  but  that  these 
are  formed  from  it  on  hydrolysis. 

Experimental. 

Triketohydrindene  hydrate  was  prepared  in  the  manner  described 
before  {loc.  cit.)  by  warming  slightly  the  product  of  the  action  of 
p-nitrosodimethylaniline  and  a-hydrindone  with  dilute  sulphuric  acid ; 
its  extraction  from  the  dark  solution  which  is  formed,  is  more  con- 
veniently effected  by  ethyl  acetate  than  by  ether  on  account  of  its 
greater  solubility  in  that  solvent. 

Additive  Product  of  Triketohydrindene  with  Guanidine, 
CflH^<^^C(OH)-NH-C(:NH)-NHj. 

This  is  formed  by  adding  triketohydrindene  hydrate  (1  gram),  dis- 
solved  in  water,  to  an  aqueous  solution  of  guanidine,  obtained  from  its 
chloride  (0'6  gram)  and  the  calculated  quantity  of  potassium  hydroxide- 
The  mixture  turns  red  and  soon  deposits  a  colourless  solid,  which 
is  insoluble  in  water,  alcohol  or  benzene ;  it  does  not  melt,  but 
begins  to  darken  at  about  190°  and  finally  becomes  black  : 

0-2015  gave  0-4045  CO2  and  0-0740  H^O.     C  =  54-75  ;  H  =  4  08. 
0-1945     „     32-6  c.c.  N2  at  20°  and  754-5  mm.     N=  19  02. 
CieHgOgNg  requires  C  =  54-79  ;  H  =  4-1 1  j  N  =  19-18  per  cent. 

On  heating  the  compound  with  water  for  some  time,  slight  decom- 
position takes  place,  and  a  small  quantity  dissolves  to  yield  a  red 
solution. 
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Additive  Proditct  of  Triketohydrindene  with  Benzamidine, 

C6H4<c^c(OH)-nh-c(C6H,):nh. 

This  is  prepared  in  a  similar  way  to  the  former  substance,  namely, 
by  adding  sodium  carbonate  to  the  mixture  of  triketohydrindene 
hydrate  (1'2  grams)  and  benzamidine  hydrochloride  (1  gram)  dissolved 
in  hot  water.  A  white  solid  is  soon  precipitated,  which  is  insoluble 
in  water ;  it  is  sparingly  soluble  in  boiling  alcohol,  but  does  not 
separate  from  the  solution  without  the  addition  of  water,  when 
colourless  prisms  are  formed,  which  darken  at  about  200*^  and  decompose 
at  229—230°  with  evolution  of  gas  : 

0-201 1  gave  05050  CO.^  and  008i>5  Hp.     C  =  68-49  ;  H  =  4-44. 

0-2051     „     17-8  c.c.  Nj  at  17°  and  762  mm.     lSr  =  10-10. 

CiaBigOaNg  requires  C  =  68-58;  H  =  4-29;  N=  100  per  cent. 

This  substance  is  insoluble  in  sodium  carbonate  ;  it  is  decomposed  by 
hot  potassium  hydroxide  with  the  formation  of  benzaldehyde. 

Additive  Product  of  Triketohydrindene  with  Hydrogen  Cyanide y 
CeH,<^J^CXOH)-CN. 

Whilst  the  additive  compounds  mentioned  above  are  fairly  st'tble,  the 
cyanoliydrin,  which  triketohydrindene  hydrite  forms  with  hydrogen 
cyanide,  is  readily  decomposed.  It  is  obtained  by  mixing  the  triketone 
hydrate  (05  gram),  dissolved  in  water,  with  potassium  cyanide 
(0-5  gram),  and  then  adding  dilute  hydrochloric  acid  to  the  deep  red 
solution  which  is  produced.  The  colour  disappears  and  pale  brown 
needles  separate  which  sinter  and  darken  at  about  120°,  and  at  148° 
melt  with  evolution  of  gas.  The  compound  dissolves  in  boiling  water, 
but  at  the  same  time  decomposes.  For  analysis,  the  crystals  formed 
in  the  reaction  were  washed  with  cold  water  and  dried  in  a  vacuum 
desiccator  over  sulphuric  acid  : 

0-2053  gave  13-8  c.c.  N.^  at  18°  and  749  mm.     N  =  7-64. 
Cj^HjOjN  requires  N  =  7-4y  per  cent. 

Action  of  Phosphorus  Pentachloride  on  Triketohydrindene  Hydrate. 

On  mixing  the  triketone  hydrate  (1  mol.)  with  phosphorus  penta- 
chloride (2  mols.),  no  reiction  takes  place  at  the  ordinary  temperature; 
at  100°,  the  mixture  evolves  hydrogen  chloride  and  assumes  a  red 
colour,  which  is  probably  due  to  the  removal  of  water  and  the  formation 
of  triketohydrindene.  The  action  proceeds  more  readily  if  phosphoryl 
chloride  is  used  together  with  phosphorus  pentachloride ;  on  wanning, 
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the  whole  dissolves  to  yield  a  yellow  solution,  which  is  cooled  and 
then  poured  on  ice,  when  an  oil  is  precipitated  which  soon  solidifies. 
The  solid  is  washed  with  light  petroleum,  which  removes  a  yellow 
product,  whilst  a  colourless  substance  remains  undissolved.  This 
is  readily  soluble  in  hot  dilute  alcohol,  and,  on  cooling,  crystallises  in 
colourless  plates.  The  yield  is  poor  owing  to  the  formation  of  the 
yellow  by-product.    The  compound  was  identified  as  2 : 2-dichloro-l :  3-di- 

ketohydrindene,   CgH^-^C^p^^CClg,  by  the  melting  point,  124 — 125°, 

and  its  chemical  behaviour  (compare  Zincke  and  Gerland,  Ber.,  1888, 
21,  2390). 


Formation  of  Phthodidecarhoxylic  Acid  from  TriketoJiydrindene  Hydrate. 

The  action  of  potassium  hydroxide  on  the  triketone  hydrate  was 
described  in  a  previous  paper  (this  vol.,  p.  1448)  and  more  fully 
on  p.  2026.  It  was  stated  that  the  final  phase  of  the  reaction  yields 
a  colourless  solution.  This,  when  treated  with  an  excess  of  dilute 
sulphuric  acid  and  digested  on  the  water-bath  for  an  hour,  contains 

phthalidecarboxylic  acid,    i       _^0H'C02H.     It  is  isolated  from  the 

acid  solution  by  extraction  with  ether,  and,  on  evaporation  of  the 
ether,  is  left  as  a  white  solid.  This  readily  dissolves  in  hot  water,  and, 
on  cooling,  crystallises  in  colourless  plates  melting  at  150 — 151°.  The 
yield  is  almost  theoretical.  (Found:  C  =  60'70;  H  =  3-37.  Calc, 
C  =  6067;  H  =  3-37  percent.) 

The  compound  is  identical  with  the  acid  which  Zincke  (Ber.,  1894, 
27,  743),  in  the  course  of  his  researches  on  the  action  of  bleaching 
powder  on  quinones,  obtained  from  monochloro-yS-naphthaquinone 
as  well  as  from  i«ocoumarincarboxylic  acid. 


Action  of  Triketohydrindenehydrate  on  Amino-acids. 

On  mixing  a  slightly  warmed  aqueous  solution  of  triketobydrindene 
hydrate  and  glycine,  an  intense  blue  colour  develops  immediately,  and, 
after  a  short  time,  a  dark  solid  separates.  The  same  behaviour  is 
shown  by  all  the  a-amino-acids  which  I  have  been  able  to  obtain; 
several  of  them  I  owe  to  the  kindness  of  Dr.  Hopkins,  whom 
I  have  also  to  thank  for  the  interest  he  took  in  the  progress  of 
the  work.  The  reaction  has  been  applied  to  alanine,  valine, 
leucine,  tyrosine,  to  a-amitio-^phenylpropionic,  aspartic,  and  glutamic 
acids,  to  tryptophan  and  cystine.  Owing  to  the  fact  that  the 
latter  compound  is  sparingly  soluble  in  water,  it  must  be  boiled 
with  a  solution   of  the   triketone   hydrate ;   in   all   the   other   cases 
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the  reaction  takes  place  almost  with  the  same  rapidity  as  with  glycine, 
and  requires  mere  traces  of  the  reagents.  The  sensitiveness  of  the 
reagent  is  indicated  by  .the  fact  that  the  blue  colour  is  still  per' 
ceptible  on  slightly  warming  glycine  with  a  solution  which  contains 
1  part  of  triketohydrindene  hydrate  dissolved  in  15,000  parts  of 
water.  In  the  same  dilution,  the  reagent  yields  with  ammonia  a  yellow 
coloration,  whereas  the  colour  is  red,  or  reddish-violet,  on  using  more 
concentrated  solutions  (compare  this  vol.,  p.  1447).  The  shade  of  the 
blue  coloration  that  is  produced  shows  but  slight  variations  with  the 
different  a-amino-acids.  Of  the  )8-amino-acids  only  two  have  been 
tested,  namely,  yS-aminopropionic  acid  and  /3-amino-^-phenylpropionic 
acid.  The  latter,  which  was  prepared  according  to  Posner's  directions 
{Ber.,  1903,  36,  4313)  by  the  action  of  hydroxylamine  on  cinnamic 
acid,  differs  remarkably  from  its  isomeride,  a-amino-/8-phenyl propionic 
acid,  in  its  behaviour  towards  triketohydrindene  hydrate ;  no  colour 
is  produced  on  mixing  the  reagents  dissolved  in  hot  water.  A  faint 
violet  coloration,  however,  develops  if  the  solution  is  boiled  for  some 
time  ;  on  the  other  hand,  the  corresponding  a  amino-acid  readily  reacts 
with  the  triketonic  compound  to  yield  a  deep  blue  colour.  The 
difference  between  a-  and  ^-aminopropionic  acids  in  their  behaviour 
towards  the  reagent,  although  not  so  striking  as  with  the  former 
isomeric  acids,  is  yet  apparent,  especially  as  regards  the  rapidity  of 
the  reaction,  which  in  this  case,  also,  is  greater  with  the  a-amino-acid. 
It  is,  however,  necessary  to  examine  a  larger  number  of  the  yS-amino- 
acids  before,  by  means  of  the  reagent,  a  general  distinction  between 
the  two  groups  of  amino-acids  can  be  established.  Neither  phenyl- 
aminoacetic  acid  (phenylglycine)  nor  hippuric  acid  yield  a  coloration 
with  the  triketoiie  hydrate,  even  on  boiling  the  aqueous  solutions  of 
the  mixture.*,  and  this  result  indicates  that  the  reaction  depends  on 
the  amino-group  of  the  amino-acid  being  intact.  Aromatic  amino- 
acids  which  contain  the  amino-group  in  the  nucleus,  for  example, 
o-aminobenzoic  acid,  also  do  not  respond  to  the  test. 

The  chemical  nature  of  the  colour  reaction  has  not  yet  been 
ascertained,  but  experiments  in  this  direction  are  already  in  progress, 
and  will  be  recorded  shortly. 

Universitt  Chemical  Laboeatoby, 
Cahbridqe. 
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OCX  111. — Tlie  Vapour  Pressures  and  Molecular 
Volumes  of  the  Mercuric  Halides  and  the  Rela- 
tions between  Atomic  Volumes  of  Elements  Before 
and  After  Combination. 

By  Edmund  Brydges  Rudhall  Prideaux. 

The  present  investigation  has  the  aim  of  comparing  the  volumes  of 
liquid  elements  with  those  of  their  liquid  compounds.  As  com- 
parison temperatures  the  boiling  points  under  atmospheric  or  other 
equal  pressures  have  been  retained.  The  results  of  Young  and 
others  show  that  at  vapour  pressures  below  one  atmosphere  it  is  a 
matter  of  indifference  whether  equal  pressures  or  corresponding 
pressures  are  chosen  for  the  above  comparison.  The  procedure  of 
finding  atomic  volumes  at  the  boiling  point  is  too  well  known  to 
need  description.     It  has  been  departed  from  in  several  particulars. 

(1)  No  attempt  has  been  made  to  tabulate  difference  of  molecular 
volume,  the  ratios  only  being  compared. 

(2)  No  experimentally  inaccessible  atomic  volumes,  such  as  those 
of  carbon  and  hydrogen,  have  entered  into  the  calculation. 

(3)  The  effect  of  structure  on  the  molecular  volume  has  been 
as  far  as  possible  eliminated  by  considering  only  simple  compounds, 
in  which  there  is  not  more  than  one  multivalent  element. 

The  term  atomic  or  molecular  volume  at  any  pressure  is  used 
throughout  to  denote  the  total  volume  occupied  by  the  gram-atom 
or  gram-molecule  liquid  at  such  a  temperature  that  its  vapour 
pressure  is  that  specified.  Under  these  conditions  the  ratio  between 
the  specific  volumes  at,  for  example,  760  and  200  mm.  pressure  is 
a  constant  for  liquids  which  are  not  associated  or  dissociated. 

For     example,       l^^^v       is     for    C.U.     r050,    PCI3    r050, 

CgH^Brg  1048,  O2  1048,  HCl  1*049.     Instances  could  be  multiplied. 

Associated  and  monatomic  liquids:  HoO  1"030,  CH3*C02H  1'041, 
Hg  1-012,  A  1-014  (760 — 400),  the  normal  value  for  this  pressure 
interval  being  1'028. 

These  relations  may  be  connected  in  the  following  way  with 
theories  involving  the  conception  of  "  co-volume."  The  term  is 
used  throughout  as  generally  to  mean  the  volume  through  which 
the  molecules  have  motion  relatively  to  one  another,  sometimes 
called  "  free  ether,"  as  distinguished  from  the  "  bound  ether  "  or 
interatomic  space,  which,  together  with  the  volumes  of  the  atoms 
themselves,  makes  up  the  "  h  "  of  van  der  Waals'  equation 
(Clausius)  which  no  other  atom  can  penetrate. 
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Now,  if  we  imagine  an  ideal  and  normal  liquid  expanding  from 
the  condition  in  which  the  co-volume  is  zero  (which,  as  will  be  shown, 
is  probably  not  in  most  cases  -273°),  the  vapour  pressure  will 
increase  at  the  same  time,  and  since  the  pressure  is  a  function  of  the 
temperature  and  the  increase  of  co-volume  also  a  function  of  the 
temperature,  the  increase  of  co-volume  may  be  expressed  as  a 
function  of  the  pressure. 

Thus  if  Vp  and  Vg  are  the  volumes  of  liquid  at  " p"  and  zero 
pressure  : 

Vp  =  ro[i  +  <t>(p)l 

(t>{p)Vo  being  therefore  the  co-volume  at  " p" 

For  another  liquid,  also  expanding  between  "  o  "  and  "  p  "  : 

F/=r;[i  +  <^'(7>)]. 

At  a  higher  pressure,  p^,  the  vohimes  become  ^o[^+4>{Pi)]  ^^^ 
JV[l  +<^'(;'i)]  respectively. 

But  as  shown  above,  in  the  case  of  normal  liquids  : 

yo[i+<f>(p,)]_v„'[i+^'(p^, 

Vo[l  +  <i.(p)]-Vo[l +<!>'{  p)]' 
that  is 

Vo[i-i-A{p,)rVo[i+^{p)]' 

Therefore  <f>{p)  =  <p'(p)  and  <^  =  <^'. 

(1)  The  increase  of  co-volume  is  the  same  function  of  ^' p"  for  all 
thei!-e  liquid-i.  Assuming  that  the  same  law  of  expansion  holds  down 
to  the  lowest,  and  eventually,  zero  pre-sure : 

Vo[i+<t>'{p)]_K 

yo[i  +  <f>{p)rvo, 

(2)  The  co-voluaies  ^o-^tip)  and  Vo<t>{p)  at  any  pressure  are 
proportional  to  the  actual  volumes  of  the  molecules  T^,  and  Vo. 

(3)  The  ratios  between  the  volumes  of  the  liquids  at  equal  vapour 
pressures  are  equal  to  the  ratios  between  the  actual  volumes  of  the 
molecules. 

As  soon  as  the  vapour  becomes  so  dense  that  the  specific  molecular 
attraction  begins  to  have  an  effect  in  that  phase,  the  nature  of  the 
relation  between  increments  of  vapour  pressure  and  volume  will 
probably  change,  and  <f>(p)  take  another  form.  By  taking  this  into 
account.  Mills  (/.  Physical  C/iem.,  1902,  6,  209;  1904,  8,  383,  593) 

has  deduced  the  formula     ,,  ,  ^  =  constant  for  a  series  of  normal 

liquids  at  different  temperatures  ((7  =  inner  heat  of  vaporisation  of 
1  gram  liquid ;  d  and  D  —  densities  of  liquid  and  vapour).  This  equa- 
tion holds  up  to  the  critical  temperature.  It  can  be  shown  that  at 
temperatures  so  low  that  JD  may  be  left  out  of  account  compared 
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with  l/d  (considerably  below  the  boiling  point  under  atmospheric 
pressure),  Mills'  equation  necessarily  leads  to  the  regularity  men- 
tioned above.  For  consider  two  liquids,  A  and  B,  at  two  pressures, 
P  and  P,  and  let  Q  be  the  total  molecular  latent  heat  of  vaporisation 
and  B  the  gas  constant.  To  the  values  of  P,  T,  Q  and  d  for  the 
two  liquids  assign  the  symbols : 

P'  1'a   T'b  Q'a  Q'b  d'A  d'B 
P  Ta     Tb   Qa    Qb   dA  dB. 
Then  for  each  liquid,  by  Mills'  formula: 

«-^"..4^=i (1). 


Q'-RT'  ^jd 
Multiply  by  T'/T : 

QIT-R  V^^r 

Q'/T-Kju     T        

Divide  equation  (2)  for  A  by  (2)  for  B : 

V    dAd'B~TA.T'B 


(2). 


QaITa-R    Q'bIT'b-R 


QbITb-R^Q'aITa-R 

But  for  normal  liquids: 

Qa_Qb     , 
ni  —  'TT  >  etc. 

J^A       -i  B 

T'a     Ta 
Also  7pF  =  -J  +o{Ta~Ta), 

1  B       -i  B 

where  "  c"  is  very  small,   not  greater  than  0*0005   for  the  most 
dissimilar  liquids:  therefore 


V   o{^      '^  ds  dA     ds 


This  relation  can  only  be  deduced  from  Mills'  formula  at  tem- 
peratures at  which  the  density  of  the  vapour  may  be  neglected. 
A  recalculation  of  the  constant  (Mills,  /.  Physical  Chem.,  1909, 
13,  512)  has  proved  that  the  formula  holds  with  the  greatest 
accuracy  in  this  region. 

The  assumption,  then,  that  <i>{'p)  remains  constant  down  to  the 
lowest  pressure  is  in  accordance  with  the  above  theory  of  molecular 
attraction,  and  with  the  facts  of  expansion  down  to  the  lowest 
vapour  pressure  at  which  liquid  volumes  have  been  compared. 

The  volumes  at  zero  pressure  could  be  found  by  extrapolation 
if  the  pressures  were  known  with  sufficient  accuracy.  The  laws  of 
expansion  of  liquids  lead  to  an  ideal  state  of  zero  co-volume  for  a 
perfect  liquid,  just  as  the  laws  of  expansion  of  gases  lead  to  the 
state  of  an  ideal  gas  at  the  absolute  zero. 

In  the  case  of  liquids,  however,  it  does  not  seem  probable  that 
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the  zero  of  pressure  should  occur  at  the  same  temperature  in  each 
case.  The  necessity  for  a  special  zero  in  each  case  has  already  been 
felt  in  explaining  the  deviations  from  the  reduced  equation  of 
condition  (Young,  Stoichiometry,  p.  237). 

If  it  were  possible,  then,  to  obtain  the  liquid  volumes  of  non- 
associated  elements  and  compare  them  vrith  the  volumes  of  liquid 
non-associated  compounds  all  at  the  same  pressure,  the  ratios  of 
these  volumes  would  correspond  with  the  ratios  of  the  actual 
volumes  of  the  molecules,  the  expansion  or  contraction  on  com- 
bination being  thus  discoverable. 

Owing,  however,  to  the  scarcity  of  data,  a  direct  comparison  of 
this  sort  is  in  few  cases  possible,  and  where  it  can  be  ma<ie,  most 
of  the  expansions  are  found  to  be  not  quite  normal.  The  degree 
to  which  these  irregularities  influence  the  ratios  will  appear  from 
the  experimental  data. 

Experimental, 

Materials. — The  mercuric  chloride  was  re-sublimed  in  a  current  of 
dry  chlorine.  Several  analyses  were  made  both  of  the  freshly 
prepared  salt  and  that  which  ha^  been  boiled  for  some  time  in  the 
air,  or  heated  in  the  dilatometer.  The  mercury  was  determined  as 
mercuric  sulphide,  and  the  chlorine  as  silver  chloride,  and  the 
results  were  satisfactory. 

The  mercuric  bromide  prepared  to  order  by  Hopkin  and  Williams 
gave  satisfactory  results  on  analysis,  and  was  employed  without 
further  treatment  in  some  cases.  A  sample  redistilled  with  a  little 
bromine  gave  identical  results  on  analpis  and  in  the  dilatometer. 

The  mercuric  iodide  was  also  Hopkin  and  Williams'  preparation. 
It  was  analysed  by  electrodeposition  on  a  silver-plated  platinum 
basin  cathode,  and  gave  theoretical  results.  It  was  afterwards  re- 
distilled to  remove  traces  of  a  non-volatile  impurity,  which 
apparently  did  not  affect  the  analysis,  but  made  the  liquid  surface 
difficult  to  locate  in  the  dilatometer. 

Dilatometers. — These  were  of  fused  silica,  and  were  supplied  by 
the  Silica  Syndicate.  They  were  graduated  as  required  by  a 
diamond  fixed  in  place  of  the  needle  on  a  divider,  and  calibrated 
with  mercury  in  the  usual  way.  The  bulbs  were  cylindrical,  of 
about  2  c.c.  capacity.  The  stems  were  graduated  in  mm.,  and  each 
cm.  length  held  from  002  to  003  c.c. 

Thermometers. — Three  nitrogen-filled  mercury  thermometers  were 
used: 

(1)  Reading   up   to   600°  in    2°;  standardised  at   the   National 
Physical  Laboratory. 
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(2)  To  600°  in  2°,  and  (3)  to  500°  in  1° ;  these  were  standardised 
by  comparison  with  (1). 

Thermostats. — For  temperatures  up  to  260°  a  bath  of  paraffin 
wax  was  used,  and  for  these  as  well  as  higher  temperatures  the 
vapours  of  liq^uids  boiling  under  various  pressures  were  employed. 
These  have  been  tabulated  by  Landolt  and  Bornstein  from  the 
measurements  of  Ramsay  and  Young  as  follows : 

260 — 280°  Monobromonaphthalene. 

280—302° Dii.hetiylamine. 

360°       Mercury. 

For  the  interval  310 — 339°,  anthracene,  boiling  under  diminished 
pressure,  was  used  instead  of  the  vapour  of  mercury. 

The  paraffin  wax  thermostat  consisted  of  a  large  beaker  of 
resistance  glass  jacketed  with  asbestos  and  heated  by  a  gas  flame 
from  below.  Additional  heat  was  supplied  by  an  electrically  heated 
frame  of  iron  wire  in  the  liquid,  which  was  stirred  by  a  brass  fan 
wheel  at  the  bottom,  and  automatically  regulated  by  a  glass 
cylinder  holding  about  150  c.c.  of  air,  which  extended  to  the  bottom 
of  the  liquid,  and  communicated  by  means  of  a  capillary  tube 
with  a  mercury  gas  regulator.  The  temperature  could  by  this 
means  easily  be  kept  constant  to  a  few  tenths  of  a  degree.  The 
thermometers,  etc.,  were  not  directly  in  contact  with  the  liquid, 
but  were  protected  by  tubes  of  combustion  glass. 

The  vapour-bath  first  used  had  somewhat  the  form  of  a  Liebig's 
condenser.  To  a  vertical  glass  tube  open  at  each  end  was  sealed 
an  outer  tube  above  and  below.  The  vapour  of  the  boiling  liquid 
filled  the  space  between  the  tubes.  The  liquid  was  contained  in 
two  side-bulbs  joined  to  the  lower  end  of  the  outer  tube  at  an 
angle  of  about  45°.  It  was  heated  by  burners  and  also  electrically 
by  platinum  spirals.  The  electrical  heating  was  used  mainly  to 
prevent  bumping  at  low  pressures.  The  lower  part  of  the  apparatus 
was  protected  by  an  asbestos  box  packed  with  magnesia.  In  order 
to  save  time,  this  was  electrically  heated  by  nickel  wire.  The  upper 
part  was  shielded  by  movable  rings  of  asbestos  covered  with  felt. 
It  was  found  that  this  form  had  several  disadvantages  when  used 
for  high  boiling  liquids — the  radiation  is  large  compared  to  the 
evaporating  surface,  and  the  dead  space  between  the  internal  seal 
and  junction  of  side-tubes  adds  considerably  to  the  time  required 
to  send  the  ring  of  condensing  vapour  a  sufficient  distance  up  the 
tube.  For  the  purpose  in  hand,  however,  the  apparatus  had  the 
great  advantage  of  allowing  the  introduction  of  dilatometers  from 
below,  so  that  they  could  be  heated  from  the  top  downwards,  thus 
avoiding  the  sometimes  troublesome  distillation  of  drops  of  liquid 
to  the  upper  part  of  the  tube. 
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In  the  form  of  vapour-bath  afterwards  used,  the  dilatometer  was 
introduced  from  above  into  a  glass  tube  about  2  cm.  in  diameter, 
which  was  heated  by  the  vapour  of  a  liquid  boiling  in  a  much 
larger  bulb,  the  lower  end  of  the  inner  tube  being  protected  from 
the  radiation  of  the  superheated  liquid  by  the  well-known  method 
recommended  for  thermometers  in  Young's  Fractional  Distillation. 
The  vapour    space   was  connected   through    a   reservoir    of  about 
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10  litres  capacity  and  a  drying  tower  to  a  water  exhaust  pump  or 
pressure  pump  as  the  case  might  be.  The  pressures  were  read  on 
a  mercury  manometer  attached  to  a  wooden  metre  scale. 

Vapour  Pressures. — These  were  regulated  and  read  by  means  of 
the  air  reservoir  and  mercury  manometer  already  mentioned.  The 
liquids  were  boiled  under  various  pressures  in  a  combustion  glass 
tube.  The  sides  of  the  tube  were  protected  from  overheating  by 
horizontal  pieces  of  asbestos  board,  and  from  cooling  radiation  bj 
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slip  rings  of  asbestos  covered  with  felt.  The  liquid  was  in  every 
case  boiled  at  such  a  rate  that  the  thermometer  column  was  com- 
pletely immersed  in  the  vapour.  The  bulb  of  the  thermometer  was 
covered  with  asbestos. 

The  results  are  tabulated  below,  and  also  shown  in  the  figure. 

The  experimental  points  are  indicated  by  X.  A  few  vapour 
pressures  at  lower  temperatures  by  Wiedemann,  Stelzner,  and 
Niederschulte  {Ber.  deut.  -physikal.  Ges.,  1905,  7,  159)  are  indicated 
as  follows :  mercuric  chloride  by  circles,  mercuric  bromide  by 
crosses,  and  mercuric  iodide  by  circles.  Most  of  these  were  deduced 
from  the  loss  in  weight  when  a  measured  quantity  of  air  was 
passed  over  the  solid  at  the  temperature  in  question,  and  some  by 
observing  the  pressure  and  temperature  when  the  compounds  were 
suddenly  sublimed  into  a  cooled  tube.  The  curve  so  obtained 
ought  not,  of  course,  to  be  continuous  with  that  of  the  vapour 
pressures  of  the  liquids,  but  the  observations  in  the  neighbourhood 
of  the  melting  point  are  not  numerous  enough  for  any  discontinuity 
to  be  observed.  The  three  observations  recorded  (by  the  authors 
quoted  above)  at  higher  temperatures  do  not  agree  with  the  present 
results,  probably  because  the  method  they  employed  was  not  so 
suitable  for  higher  temperatures.  The  pressures  used  for  the  sub- 
sequent calculations  are  those  read  from  the  manometer  at  16'0°. 

The  following  are  the  vapour  pressures  (to  the  nearest  millimetre) 
corresponding  with  the  corrected  temperatures.  The  index  numbers 
to  the  right  of  the  pressures  refer  to  different  series  of  experiments. 


Mercuric  Chloride. 


P. 

P. 

(mm. 

)    «°. 

P. 

t°. 

(mm. 

)    «°. 

P. 

8442 

309-0 

75I3 

303  0 

9473 

331-0 

7294 

836i 

308-2 

74I2 

302-5 

8973 

328-4 

728, 

8222 

307  5 

73O3 

302-7 

8473 

325-4 

719, 

82O3 

308-1 

724.2 

.301-5 

8365 

324  9 

7194 

8I61 

306-8 

7193 

301-9 

8195 

323  9 

7125 

8IO3 

307-5 

71I3 

301-4 

8I94 

324 

0 

705, 

8032 

306-7 

7052 

300-5 

807, 

323 

3 

705, 

8OO3 

307-0 

7023 

300-8 

8004 

322 

8 

702, 

798, 

305-9 

69O4 

300  0 

789, 

321 

8 

6925 

♦79O3 

306-4 

6652 

297-5 

7884 

322 

1 

68O4 

781j 

305-1 

627j 

294-8 

779, 

321 

3 

64 14 

780, 

305-8 

61 2^ 

2945 

7784 

321 

4 

609, 

778, 

304-9 

5872 

292-0 

772, 

320 

9 

6O24 

77O3 

305  0 

582^ 

292-3 

77O4 

320 

9 

5624 

7663 

304-8 

548„ 

289-0 

7C63 

320 

7 

5194 

7594 

304-3 

5444 

289-4 

7CO4 

320 

3 

4854 

757, 

303-9 

530j 

287-9 

758, 

319 

8 

4474 

754i 

303-6 

505^ 

286-1 

7554 

320 

0 

4IO2 

763, 

319 

8 

4094 

760, 

319 

5 

37O4 

7494 

319 

6 

33I4 

74O4 

319 

0 

2524 

738i 

318 

8 

2258 

Mercuric  Bromide. 


f 
318-3 
317-8 
317-3 
317-8 
317-2 
315  8 
315-8 
316-6 
315  9 
315-0 
312-2 
309-2 
309-5 
306-3 
302  5 
298-5 
296-0 
290-7 
292  0 
287-6 
283-0 
271-6 
266  0 


Mercuric  Iodide. 


P. 

(mm. 
86I2 
8293 
82I2 
8I93 
8O93 
801, 
799; 
79O3 
7832 
78O3 
77O3 
76O3 
"760, 
7582 
75O3 
746, 
7432 
740, 


)  t\ 
360-5 
358-3 
358-0 
357-9 
357-1 
356-8 
356-4 
355-9 
355-3 
3551 
354-5 
353-7 
3535 
353-5 
353-0 
352-5 
352-5 
352-2 


P. 

73O3 
72O3 
720, 

7113 

703, 
70I3 
6992 
646, 
598, 
651, 
500, 
453, 
404, 
357, 
310, 
270, 
232, 


t". 
351-6 
3.50-8 
350-5 
350-1 
349-5 
349-3 
349-3 
345-2 
341-3 
337  0 
332-0 
327-5 
321  » 
316  0 
809  5 
303-7 
297-5 


VOLUMES   OF  THE   MERCURIC   HALlDES.  2039 

A  calculation  of  the  value  of  heat  of  vaporisation  divided  by 
absolute  temperature  from  the  above  data  was  undertaken,  since 
this  constant  might  be  expected  to  throw  some  light  on  the  question 
as  to  how  far  these  compounds  partake  of  the  nature  of  fused  salts. 
The  values  of  QjT  for  fused  salts  ought  to  be  unusually  high  in 
view  of  the  high  degree  of  association  which  is  usually  attributed 
to  them  on  other  grounds  (Bottomley,  Trans.,  1903,  83,  1421; 
Lorenz  and  Kaufler,  Ber.,  1908,  41,  3727).  The  vapour-pressure 
curve  was  first  investigated  by  Ramsay  and  Young's  method.  The 
absolute  temperatures  at  which  the  compounds  attain  certain  vapour 
pressures  are  tabulated  below,  and  compared  with  the  corresponding 
temperature  for  a  standard  liquid  (fluorobenzene) : 

Table  I. 

I.  II.  III.  IV.  I./IV.        II./IV.      III./IV. 

P.     (ragci,).  rcHgBr.,).  r(Hgi.3).   tc,h.j. 

240  542-0  572  0  325-5  1-665  1-757 

300  551-5  581-5  3315  1-664  1755 

530  561-0           576-5  6085  3470  1-617           1662  1754 

700  573-0           589  0  622-5  35o-0  1*610           1655  1-749 

800  579-5          596-0  6295  360  5  1-603           1-653  1*747 

860  5830          599  5  633-5  SoS-Q  1606           1-651  1746 

900  601-5  636-0  364-0  1650  1745 

From  the  above  results  a  value  of  the  constant  was  obtained  in 
the  equation : 

J  B       J  B 

in  which  Ta  are  the  temperatures  of  mercury  halides,  and    Tb  those 
of  fluorobenzene  at  the  ^ame  pressures. 

"c"  for  HgClg  =  000050. 
„  „  HgBr2  =  0-00037. 
„       „    Hglj     =  0-00U25. 

The  values  of  dPJdT  were  then  found  by  a  graphical  method  at 
a  series  of  temperatures  as  tabulated  below,  and  from  these  the 
heat  of  vaporisation  Q  and  QjT  from  the  formula: 

Q  and  QjT  nX,  760  mm. 

<?(cal.)  QIT 

HkCI, 13910  24-1 

HgBr,    14200  23  8 

HgIa  14700  236 

It  has  been  shown  by  Nernst  that  the  normal  value  of  QJT  at 
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760  mm.  increases  slightly  with  the  boiling  point  of  the  liquid  in 
question  according  to  the  formula : 

^/T  =  9-51og.r-0-007T, 

and  for  a  liquid  boiling  at  304 — 354° : 

(?/r  =  22-19  normally. 

There  appears,  then,  to  be  a  certain  amount  of  association,  less, 
however,  than  in  the  case  of  water  and  alcohols,  for  which  Q/T  =  2Q. 
The  association  evidently  diminishes  in  the  order : 

HgCl2->HgBr2-^Hgl2. 

Specific  Gravities  of  the  Liquids. 

Procedure. — After  the  right  weight  (10 — 15  grams)  had  been 
introduced  into  the  dilatometer,  this  was  evacuated,  sealed,  and 
after  a  preliminary  heating  (great  care  is  necessary  to  avoid  bursting 
the  dilatometer)  introduced  into  one  of  the  thermostats  and 
kept  at  each  temperature  until  the  volume  remained  constant. 

After  the  experiments  were  completed,  the  dilatometers  were 
opened  and  the  contents  boiled  out,  the  weight  of  substance  being 
thus  checked.  In  calculating  the  volumes  corresponding  with  each 
scale  division  of  the  dilatometers,  the  expansion  of  the  silica  was  not 
taken  into  account,  since  it  proved  to  be  outside  the  range  of 
accuracy  aimed  at. 

Thus  the  greatest  range  of  temperatures  was  from  255°  to  357°. 
The  linear  expansion  of  silica  is : 

0-449  X  10-6  or  0-59  x  10-«. 

Taking  the  larger  figure,  3a  =  1-8  x  lO"'',  and  the  total  expansion 
of  unit  volume  contained  by  a  silica  bulb  at  room  temperature  is 
4-59  X  lO--*  at  255°,  and  6-43  x  lO-o  at  357°. 

The  measured  volumes  have  therefore  to  be  increased,  and  the 
specific  gravities  decreased  by  about  1  in  2000. 

This  small  correction  has  no  effect  on  the  relative  specific  volumes, 
but  has  been  introduced  into  the  absolute  molecular  volumes.  The 
following  specific  gravities  are  calculated  directly  from  the  experi- 
mental data,  the  numbers  to  the  left  referring  to  different  series 
of  experiments  in  different  thermostats  with  different  quantities  of 
compound  and  different  thermometers. 
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Mercuric  Chloride. 


e. 

D. 

f. 

D. 

t°. 

D. 

(1) 

281-0 

4-398 

(3) 

290-7 

4-377 

(5) 

311-0 

4-232 

(2) 

287  7 

4-376 

301-6 

4  357 

3180 

4-316 

290-7 

4-369 

304-6 

4-348 

3-28-0 

4-293 

3006 

4-348 

(4) 

291-0 

4-377 

336  0 

4-276 

301-5 

4-357 

(6) 

357-0 

4-238 

Mercuric 

Bromide. 

(1) 

240-0 

5  112 

(3) 

253  0 

5  066 

(4) 

302-0 

4-908 

2440 

5-110 

258-0 

5-052 

(5) 

258  5 

5-054 

251-0 

5  078 

260  0 

5-044 

280-5 

4-976 

261-5 

5-046 

(4) 

254-5 

5-062 

292-0 

4-944 

(2) 

241-5 

5-104 

260  0 

5-044 

301-5 

5-054 

248-0 

5-082 

272  0 

5-007 

(6) 

313-0 

4  874 

252-0 

5-071 

278  0 

4-990 

320  0 

4-844 

259-0 

5-048 

286-5 

4-964 

3-29-5 

4-811 

(3) 

250-0 

5  076 

293-5 

4-938 

339-0 

4-784 

Mercuric  Iodide. 

(1) 

254-5 

5-236 

(2) 

281-0 

5-160 

(4) 

294-5 

5119 

260-5 

5-218 

(3) 

275  0 

5-177 

301-5 

5  090 

266  0 

5-207 

279-0 

6-166 

(5) 

311-5 

5-075 

270  0 

5-190 

2830 

5-154 

323  0 

5-039 

276-0 

5  169 

286  0 

5-141 

329-5 

5-014 

281-0 

5157 

292-0 

5  125 

337-5 

4-985 

(2) 

259  5 

5-226 

294-5 

5-113 

339-0 

4-978 

267-5 

5-208 

301-5 

5  090 

(6) 

339-0 

4-967 

2750 

5-177 

(4) 

282  5 

5-154 

(7) 

356-0 

4-915 

The  alteration  of  density  -with  temperature  can  be  expressed  as 
follows : 

Mercuric  Chloride,  280—335^ : 

A  =  4  400  -  0-002-2 1 8  (i°  -  280). 
Mercuric  Bromide,  240 — 340° : 

A  =  5-116- 0  00338  (i°-240). 
Mercuric  Iodide,  255 — 355° : 

Z>t  =  5  238  -  0-00322  {t""  -  255). 

Densities  and  Vapour  Pressures   of  the  Elements   Compared  with 
those  of  Compounds. 

The  data  taken  from  the  tables  require  no  comment. 

The  densities  of  liquid  iodine  are  those  of  Billet  from  Constants 
of  Nature  (Smithsonian).  They  appear  somewhat  irregular,  which 
is  due  probably  to  the  dark  colour  of  the  vapour  at  the  higher 
temperatures.  Special  weight  has  been  given  to  the  values  at  the 
lower  temperatures,  and  that  found  at  the  boiling  point  by 
Drugman    and    Ramsay  (Trans.,   1900,    77,   1228).      The    column 
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headed  "  pressure  "  refers  as  throughout  to  that  of  the  saturated 
vapour : 

Table  II. 

DerMity. 

Pressure.  C\.  Br^.  Ij.             Hg.  HgClg.  HgBva  Hglg. 

200  1-617  3-109  3-888  12-901  5-037  5-124 

400  1-585  3-050  3-795  12824  4-944  5-026 

560  1-572  3-018  3-749  12-785  4-380  4-890  4-970 

760  1-558  2-985  3-705  12-747  4-348  4-840  4-920 

860  1-550  2-975  3-685  12-738  4-336  4-821  4-900 

The  expansions  over  certain  intervals  of  pressure  are  compared 
with  the  normal  below.  Since  the  volumes  are  accurate  to  0-2  per 
cent.,  the  expansion,  for  example,  between  560  and  860  mm.  of 
mercury  is  0-010  + 0'002  in  the  case  of  mercuric  chloride,  and  this 
is  distinctly  below  the  normal  value.  Thus  for  the  pressure  interval 
named,  the  value  of  the  ratio  Z>(560)/Z)(860)  is:  Normal  1-023, 
Hg  1-003,  CI2  1-014,  Brg  1-014,  Ig  I'OIT,  HgClg  1-010,  HgBrg  1-014, 
Hgl2  1-014. 

The  cause  of  these  abnormalities  is  probably  association  as  affect- 
ing not  so  much  the  liquid  volumes  as  the  vapour  pressures,  and 
hence  the  temperatures  of  comparison  [see  van't  Hoff,  Lectures, 
III,  p.  27  (Lehfeldt)]. 

From  the  numerical  values  of  the  expansion  the  degree  of 
association  would  appear  to  diminish  in  the  order: 

C12  ->  Br^  -^  I2;  HgClj  -->  HgBr^  -^  Hgl^. 

Now,  comparing  the  expansions  of  the  compounds  with  those  of 
their  constituent  elements,  it  may  be  seen  that  the  magnitude  of 
the  abnormality  is  such  as  would  be  produced  if  the  expansion  were 
additively  composed  of  the  expansions  of  the  elements. 

Th'^B  tl^e  ratios  §4|g;     and     ^/i^^ 

are,  for     HgClj  and  Hg  +  2C1  1-010        and        1-012 

HgBrj  ,,    Hg  +  2Br  1014  ,,  1-012 

Hglj     ,,    Hg  +  2I 1-014  ,,  1015 

While  the  magnitude  of  the  possible  volume  error  (14 — 20  per 
cent,  on  the  expansion)  does  not  permit  of  a  certain  conclusion  on 
this  point,  yet  the  evidence  for  such  a  relation  is  strengthened  by 
an  examination  of  the  few  other  compounds  for  which  data  are 
available. 

Thus,  comparing  the  ratios  V^  and  2F^  at  760  and  200  mm.: 

POl, 1050  P  +  3C1  1050 

ICl   1041  I  +  Cl 1-043 

The   importance    of   this   for   the   question   in   hand  rests  in   the 
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increased  constancy  it  gives  to  the  ratio  Faf/2F  under  various 
pressures. 

In  the  first  part  of  the  paper  reasons  were  given  why  the  ratio 
should  be  quite  constant  in  the  case  of  normal  elements  and  com- 
pounds far  enough  removed  from  their  critical  points. 

It  now  appears  that  a  constant  ratio  I'^y  2  V^  can  also  be  defined 
for  the  abnormally  expanding  elements  and  compounds  considered, 
as  may  be  seen  from  t^ble  III. 

The  variations  of  the  ratios  are  within  the  limits  of  error  to  be 
expected  from  at  least  one  of  the  volume  measurements  involved. 

Table  III. 

100    Volumes  of  the   Elements   becovie  on  Combinaiton 

P=860  mm.  760  560 

HgClj,Hg  +  2Cl    1019  101-8  1017  — 

HgBrj    107-5  107  4  107-3  — 

Hglj  109-5  109-5  109-6  — 

P=  760  ram.  560  400  200 

PClj— >P  +  3C1   105-6  105-2  104-9  1050 

PBrj  107-8  —  —  107-5 

PClj    96-5  _  _  _ 

PBr,  101-9  —  —  101-6 

Note. — The  vaponr  pressares  and  atomic  volumes  of  the  phosphonis  halides 
and  iodine  chloride  (referred  to  on  p.  2042)  are  taken  from  the  tables  and  Trans., 
1907,  91,  1711  ;  1909,  95,  445.  The  temperature  corresponding  with  200  mm.  for 
phosphorus  tribromide  has  been  calculated  by  Ramsay  and  Young's  method 
(comparison  liquid,  phosphorus  trichloride). 

The  expansion  on  combination  therefore  increases  with  increasing 
atomic  weight  for  the  mercuric  halides  as  for  the  other  compounds 
quoted  (except  phosphorus  pentachloride,  in  which  case  the  con- 
traction on  combination  diminishes).  According  to  the  first  part 
of  this  paper,  the  changes  of  volume  on  combination  are 
approximately  equal  to  the  difference  between  the  sums  of  the 
interatomic  volumes  of  elementary  molecules  and  the  interatomic 
volume  of  the  compound  molecule.  If  this  is  correct  the  physical 
interpretation  to  be  put  upon  the  results  is  that,  for  example,  the 
interatomic  volume  of  a  CI2  molecule  is  less  than  that  of  HgClg 
(Hg  being  monatomic),  and  that  in  the  other  cases  (except  PCI5) 
the  sums  of  the  interatomic  volumes  of  the  elementary  molecules 
4re  less  than  the  interatomic  volume  of  the  compound  molecule. 
Now,  comparing  together  two  similar  combinations,  such  as  mercuric 
chloride  and  bromide,  the  relative  increase  of  interatomic  volume 
on  combination  is  greater  in  the  latter  case,  indicating  a  smaller 
molecular  attraction  for  the  atoms  of  mercuric  bromide  than  for 
those  of  mercuric  chloride.     In  the  case  of  phosphorus  halides,  also, 
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the  bromide  combination  exhibits  a  smaller  molecular  attraction 
as  judged  by  these  volume  relations  than  the  chloride.  Thxis  the 
relative  affinities  are  in  the  few  cases  investigated  in  the  same  order 
as  the  same  affinities  deduced  from  other  considerations. 

I  desire  to  express  my  thanks  to  the  Royal  Society  for  a  grant  in 
aid  of  this  research,  and  to  Professor  Donnan  for  the  facilities 
afforded  at  the  Muspratt  Laboratory  and  the  interest  he  has  taken 
in  the  work. 

The  Muspratt  Laboratory, 

Thr  Uxiveksity,  Liverpool, 
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Sulphide  Dyestuffs.     Part  I. 

By  George  Herbert  Frank. 

Since  the  introduction  of  Vidal  black  (by  R.  Vidal,  of  Paris,  in 
1893),  which,  as  is  well  known,  is  prepared  by  fusing  together 
p-aminophenol  (or  2>-aminophenol  and  other  compounds)  with  sodium 
polysulphide,  a  large  number  of  these  so-called  "  sulphide "  dye- 
stuffs  have  been  produced  in  a  similar  manner  from  aromatic 
compounds  of  varied  constitution.  The  application  of  these  colour- 
ing matters,  especially  to  cotton,  is  of  so  simple  a  character,  and 
the  colours  obtained  are  of  so  permanent  a  nature,  that  these 
compounds  now  constitute  one  of  the  most  important  groups  of 
artificial  dyestuffs.  Although  considerable  insight  has  been  gained 
as  to  the  reactions  occurring  in  their  formation  (Vidal,  Mon.  Sci, 
1903,  [iv],  17,  i,  427;  PoUak,  Zeitsch.  Farh.  Ind.,  1904,  3,  233,  253; 
Gnehm  and  Kaufler,  Ber.,  1904,  37,  2617,  3032),  the  subject  is 
beset  by  considerable  difficulty,  for  the  dyestuffs  are  as  a  rule 
amorphous,  of  a  comparatively  insoluble  nature,  do  not  yield  well- 
characterised  derivatives,  and  are  accordingly  not  easily  isolated  in 
a  pure  condition. 

During  some  experiments  on  the  subject  it  was  discovered  that 
the  leuco-compounds  of  many  sulphide  dyestuffs  react  with  chloroj 
acetic  acid,  and  that  the  substances  thus  obtained,  when  oxidised, 
yield  interesting  colouring  matters,  differing  considerably  in  pre 
perties  from  the  parent  substance.     These  new  carboxyl  derivative 
are  readily  soluble  in  alkalis,  pyridine  or  phenol,  moderately  so 
boiling  alcohol  or  acetic  acid,  but  insoluble  in  dilute  acids.     Thej 
are  well-defined  colouring  matters,  giving  shades  similar  to  the 
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produced  by  the  original  sulphide  dyes,  and  can  be  readily  dyed  on 
wool,  but  diflFer  from  the  parent  sulphide  dyes  in  that  they  have 
very  little  affinity  for  cotton. 

Among  other  points  of  interest  attached  to  these  substances  it 
seemed  possible  that  their  closer  examination  would  yield  an  insight 
as  to  the  true  molecular  weight  of  the  sulphide  dyestufFs  from 
which  they  were  obtained,  a  point  which  would  be  of  considerable 
help  in  regard  to  the  vexed  question  of  their  constitution. 

The  following  investigation  deals  with  the  well-known  colouring 
matter,  immedial-indone,  which  is  manufactured  by  heating  together 
p-aminophenol  and  o-toluidine  with  an  aqueous  solution  of  sodium 
sulphide.  In  order  to  purify  the  commercial  product,  it  was 
repeatedly  washed  with  warm  water,  treated  with  dilute  hydro- 
chloric acid  until  the  liquor  was  faintly  acid,  and  well  washed. 
Fifty  grams  of  the  finely  powdered  product  were  reduced  with 
sodium  hydroxide  and  dextrose  at  60 — 70°  in  the  usual  manner, 
and  treated  with  20  grams  of  a  solution  of  sodium  chloroacetate. 
An  increase  in  temperature  took  place,  and  after  fifteen  minutes 
air  was  aspirated  through  the  liquid  in  order  to  oxidise  the  leuco- 
compound.  The  liquid  was  now  neutralised  with  dilute  hydrochloric 
acid,  the  precipitated  dye  collected,  extracted  with  warm  sodium 
carbonate  solution,  the  extract  acidified,  and  the  dye  collected  and 
dried;  the  product  was  now  extracted  with  warm  aniline,  filtered 
from  a  slight  residue,  the  solution  neutralised  with  acid,  and  the 
precipitate  again  extracted  with  dilute  sodium  carbonate  solution 
and  acidified.  As  molecular-weight  determinations  in  pyridine  and 
nitrogen  and  sulphur  estimations  indicated  that  this  product  was 
not  quite  pure,  it  was  submitted  to  a  further  treatment  with  warm 
aniline  and  extraction  with  dilute  aqueous  sodium  carbonate  in  the 
manner  above  described,  and  finally  dried  in  a  vacuum  desiccator. 
The  compound  obtained  in  this  way  contained  no  ash,  and  experi- 
ments indicated  that  it  was  now  pure.  It  was  of  a  deep  blue, 
bronzy  colour,  readily  soluble  to  a  blue  solution  in  aniline,  pyridine, 
phenol,  alkalis,  or  concentrated  sulphuric  acid,  and  sparingly  so  in 
hot  glacial  acetic  acid  or  hot  alcohol.  Experiment  indicated  the 
absence  of  an  amino-group,  and,  unlike  the  original  immedial-indone, 
it  had  no  affinity  for  cotton  when  dyed  in  a  sodium  sulphide  bath, 
neither  had  its  sodium  salt  any  affinity  for  cotton,  but  the  latter 
could  be  dyed  on  wool  in  the  manner  of  an  acid  colour,  giving  a 
bright  blue  colour. 

After  being  dried  at  98°,  it  was  analysed : 

01241  gave 0-2494  COg  and  00459  HoO.     0  =  548;  H=411. 
0-2800     „  17-3  c.c.  N2  at  13°  and  757-"7  mm.     N  =  7-40. 
0-1121     „     01376  BaSO^.     S  =  16-88. 
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0-1312  gave  01559  BaS04.     8  =  16-72. 

C17H14O4N2S2  requires  C  =  54-4;  H  =  4-0;  8  =  17-07; 
N  =  7-48  per  cent. 

0-5  Gram  of  the  substance  was  treated  with  10  c.c.  of  iV-sodium 
hydroxide,  and  the  solution  was  made  up  to  500  c.c. ;  by  titration 
with  iV/10-hydrochloric  acid  and  employing  phenolphthalein  as 
indicator,  the  acidity  of  the  compound  was  first  determined,  and 
the  neutral  liquid  thus  produced  was  then  treated  with  sodium 
tartrate  and  reduced  with  standard  titanium  chloride : 

Found,  NaOH  =  21*12  per  cent,  of  the  weight  of  the  dye. 
jj  H2  =  0-529         „  „  „  „ 

C17H14O4N282  requires  NaOH  =  21-39;  H2  =  0-5347  per  cent. 

Hence  189-9  parts  of  the  colouring  matter  neutralise  40  parts  of 
sodium  hydroxide,  and  for  the  reduction  of  378-2  parts,  2  parts  of 
hydrogen  are  required. 

A  determination  of  the  molecular  weight  was  carried  out  by  the 
cryoscopic  method : 

0-0854,  in  10-3  of  phenol,  gave  A^  =  -  0-14°.     M.W.  =  377-4. 
C17H14O4N2S2  requires  M.W.  =  374. 

When  fused  with  sodium  hydroxide,  the  substance  undergoes  an 
interesting  change,  for  not  only  is  sulphur  thus  removed,  but  also 
the  carboxyl  groups  are  eliminated.  A  blue  compound  insoluble  in 
water  or  alkalis  is  thus  produced.  When  reduced,  this  yields  a 
leuco-derivative,  but,  unlike  the  corresponding  leuco-derivatives  of 
the  sulphide  dyestuffs,  possesses  no  affinity  for  cotton. 

To  obtain  some  further  indication  as  to  the  nature  of  the  reaction, 
a  quantitative  experiment  was  carried  out  as  follows : 

0*5  Gram  of  the  carboxyl  derivative  was  fused  at  200°  with  con- 
centrated aqueous  sodium  hydrate  until  a  colourless  pasty  mass, 
consisting  of  the  leuco-compound  of  the  new  substance,  was  pro- 
duced. The  product  when  cold  was  diluted  with  water,  the  mixture 
neutralised  with  acid,  and  the  colouring  matter  collected  and 
washed.  An  estimation  of  the  sulphur  present  gave  the  following 
result : 

0-154  gave  O'liGS  BaS04.     8  =  1489  per  cent. 

Hence  215  parts  of  the  substance  contain  32  parts  of  sulphur. 
If  from  the  found  molecular  weight  of  the  carboxyl  derivative  we 
subtract  2(CH2*C02H)-}- 8  =  150,  the  new  substance  should  have  a 
molecular  weight  of  227,  which  is  in  fair  agreement  with  the  above 
result.  This  experiment  shows  that  one  atom  of  sulphur  can  be 
removed  from  the  molecule  of  the  original  carboxyl  derivative,  but 
that,  on  the  other  hand,  the  removal  does  not  destroy  the  chromo- 
phoric  group  of  this  compound. 
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As  immedial-indone  is  formed  from  the  indophenol  (I)  obtained 
from  J^aminopllenol  and  o-toluidine,  so  the  resultant  dyestuff  may 
be  expected  to  possess  the  skeleton  (II) : 

N  N 


CH, 

(I.)  (11.) 

If  we  assume  that,  as  is  most  probable  during  the  reaction,  sulphur 
enters  in  the  o-position  with  respect  to  the  nitrogen  atom,  and  that 
the  phenolic  group  is  replaced  by  the  thiol  group,  leuco-immedial- 
indone  would  have  the  constitution  (III),  and  immedial-indone 
formula  (IV) : 

NH  N 

■SH  NH, 


(III.)  (IV.) 

Such  a  constitution  would  offer  a  ready  explanation  of  the 
experiments  given  above.  This  compound  would  readily  yield  with 
chloroacetic  acid  a  leuco-dicarboxylic  derivative  having  the  formula 
(V),  and  the  colouring  matter  would  be  represented  by  (VI). 

NH 


CH 
COjH-CH^-NHi^^^^^^ 

S  S-CHj-COaH 

(V.) 
N 

CH,/^/^^ 
CO,H-CH,-NH 


S  S-CH,-CO, 


(VI.) 
This  investigation    therefore   indicates  that  the   most   probable 
constitution  of  immedial-indone  is  that  given  above;  further  experi- 
ments on  this  difficult  subject  are  in  progress. 

Department  of  Tinctorial  Chemistry, 

The  University, 

Leeds. 
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CCXV. — The  Reactivity  of  Ketones  towards  Iodine  and 
the  Relative  Rates  of  Tautomeric  Change. 

By  Harry  Medforth  Dawson  and  Robert  Wheatley,  B.Sc. 

In  a  previous  paper  (Dawson  and  Leslie,  Trans.,  1909,  95,  1860)  it 
has  been  shown  that  iodine  reacts  readily  with  acetone  at  the 
ordinary  temperature,  and  that  when  aqueous  solutions  containing 
acetone  and  iodine  are  acidified  by  addition  of  a  mineral  acid,  the 
reaction  proceeds  at  a  rate  which  is  suitable  for  accurate  quantitative 
measurements.  These  observations  showed  that  when  the  acetone 
is  present  in  considerable  excess,  the  rate  of  disappearance  of  the 
iodine  is  practically  constant  from  the  commencement  until  near 
the  end  of  the  reaction,  the  velocity  being  proportional  to  the 
concentration  of  the  acetone  and  of  the  added  mineral  acid. 

To  account  for  these  facts,  the  view  was  adopted  that  the  reaction 
between  acetone  and  iodine  involves  two  stages.  In  the  first  of 
these,  the  acetone  is  converted  from  the  ketone  into  the  enolic  form, 
and  this  is  then  acted  on  by  the  iodine  at  a  relatively  very  rapid 
rate  with  the  formation  of  iodoacetone.  In  consequence  of  the  very 
great  difference  in  the  velocities  of  the  consecutive  reactions,  the 
rate  of  disappearance  of  the  iodine  is  determined  solely  by  the  rate 
at  which  the  acetone  is  transformed  into  the  enolic  form  (compare 
Lapworth,  Trans.,  1904,  85,  30). 

If  this  is  the  correct  interpretation  of  the  facts,  it  is  evident  that 
the  investigation  of  the  velocity  of  reaction  of  iodine  with  other 
ketones  should  lead  to  information  respecting  the  rates  at  which 
the  various  ketones  undergo  tautomeric  change.  With  this  object 
in  view,  experiments  were  made  to  compare  the  rates  of  dis- 
appearance of  iodine  in  dilute  acidified  solutions  of  dimethyl,  methyl 
ethyl,  methyl  propyl,  methyl  butyl,  methyl  hexyl,  phenyl  methyl, 
diethyl,  and  phenyl  ethyl  ketones.  On  account  of  the  small  solu- 
bility of  certain  of  these  ketones  in  water,  the  comparative  measure- 
ments could  not  be  made  in  aqueous  solution,  and  instead  of  this,  an 
aqueous  alcoholic  solution  containing  forty  volumes  per  cent,  of  ethyl 
alcohol  was  employed.  In  this  connexion  experiments  were  made 
to  ascertain  the  influence  of  the  medium  on  the  reaction  between 
acetone  and  iodine  in  alcohol-water  mixtures  ranging  from  pure 
water  to  pure  alcohol.  The  results  of  this  investigation  will  be 
communicated  in  a  further  paper.  For  the  present  it  is  sufficient 
to  state  that  the  reaction  between  the  two  substances  is  of  the 
same  character  in  alcoholic  as  in  aqueous  solution,  and  that,  for 
a  given  concentration  of  acetone  and  acid,  the  rate  of  disappearance 
of  iodine  is  practically  the  same  in  alcohol-water  mixtures  as  it  is 
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in  pure  water,  if  the  amount  of  alcohol  present  does  not  exceed 
sixty  to  seventy  volumes  per  cent.  The  only  difference  to  be  noted 
is  the  displacement  of  the  final  equilibrium  as  the  ratio  of  the 
two  components  in  the  solvent  is  gradually  altered.  This  influence 
of  the  medium  is  shown  by  the  data  in  table  I,  which  were  obtained 
in  parallel  experiments  with  solutions  containing  0,  20,  40,  60,  80, 
and  100  volumes  per  cent,  of  alcohol.  The  temperature  at  which 
these  measurements  were  made  was  25 '1°. 

Table  I. 

Initial  iodine  concentration  =  00095;  acetone  =  0"272  *; 
H2SO4  =  0-l  mol.  per  litre. 

Volumes  per  cent. 

alcohol 0  20  40  60  80  100 

Equilibrinm  iodine 

concentration  ...     0  000005      0*000015      0-00040      0-00100      0  002-25      0-00442 

Percentage  of  un- 
changed iodine..     0-05  0-15  4-2  10-5  2-3-7  465 

*  Thiis  concentration  corresponds  with  20  c.c.  of  acetone  per  litre. 

These  results  show  that  the  limit  of  the  reaction  is  reached  at  a 
progressively  earlier  stage  as  the  proportion  of  alcohol  in  the  solvent 
increases,  and  the  range  of  the  velocity  measurements  is  corre- 
spondingly diminished.  In  presence  of  potassium  iodide,  the 
reaction  takes  place  still  less  completely.  In  the  case  of  the  first 
three  solutions  in  the  above  table,  the  percentage  of  unchanged 
iodine  was  found  to  be  0"8,  23,  and  16-9  respectively  when 
potassium  iodide  was  present  to  the  extent  of  002  mol.  per  litre. 
This  effect  of  the  iodide  is  no  doubt  due  to  the  removal  of  iodine 
in  consequence  of  the  formation  of  polyiodides.  In  choosing  a 
40  per  cent,  alcoholic  solution  as  the  medium  for  the  rea<;ting 
substances,  these  circumstances  were  taken  into  consideration,  and 
the  alcohol-water  mixture  in  question  represents  the  smallest  pro- 
portion of  alcohol  which  is  necessary  for  the  solution  of  the  majority 
of  the  ketones  in   the  requisite  concentration. 

The  limit  of  the  reaction  in  the  aqueous-alcoholic  solution  varies 
with  the  nature  of  the  ketone.  This  is  evident  from  a  consideration 
of  the  data  in  table  II,  which  gives  the  results  obtained  for  acetone, 
diethyl  ketone,  and  acetophenone.  In  these  and  all  other  experi- 
ments the  relative  concentrations  of  ketone  and  iodine  were  such 
that  the  active  mass  of  the  ketone  could  be  regarded  as  constant 
diiring  the  course  of  the  reaction.  Similarly,  the  concentration  of 
the  sulphuric  acid  was  so  large  that  no  appreciable  alteration  in 
its  value  resulted  from  the  formation  of  the  hydriodic  acid  during 
the  reaction. 

The  ketone   was  weighed  out  into  a  graduated   stoppered    flask 
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containing  water  and  measured  quantities  of  alcohol  and  standard 
sulphuric  acid  solution.  The  flask  was  placed  in  a  thermostat  at 
25'1°,  and  after  some  time  a  known  quantity  of  iodine  was  added 
in  the  form  of  an  aqueous  potassium  iodide  solution,  and  the  contents 
were  made  up  to  the  mark  with  water.  After  definite  time  intervals, 
portions  of  the  solutions  were  removed,  added  to  excess  of  a  sodium 
hydrogen  carbonate  solution,  and  titrated  with  a  freshly  prepared 
O'OliV^-solution  of  sodium  thiosulphate. 

In  the  following  tables  x^  is  the  observed  iodine  concentration  in 
mols.  per  litre,  and  x^  the  concentration  calculated  from  the  equation 
X2^  =  XQ  —  kt,  in  which  Xq  is  the  first  observed  concentration  (#=0), 
and  k  the  velocity  constant  =  c?a;/c?^.  The  concentrations  of  the 
ketone  and  the  acid  and  the  original  concentration  of  the  iodine  are 
given  in  every  case  in  mols.  per  litre. 

Table  II. 

Acetone. 

Acetone  =  0-1886;  H2SO4  =  0-l;  iodine  =  00101. 

Time  (minutes)   0  25  45  65  85  105  140        24  hours 

a^i.lO^  91-8        77-8        67-4        57^        46*9        37*9        27-5        20-3 

x^.W         (91-8)       78-3        67-5        567        45*9        35-1         16-2  — 

ifc  =  0-000054. 

Diethyl  Ketone, 
Ketone  =  0-2532;  H2SO4  =  0'l;  iodine  =  0-0102. 

Time  (minutes)   0  30  60  80  105         120         135        24  hours 

aJi.lO-*  90-4        72-7        54-7        43-0        28-5        20-4        12-9  2-2 

a^.lO*  (90-4)       72-7         55-0        43-2        28-4        19-6        108  — 

A: =0-000059. 

Acetophenone. 

Ketone =01 673;  H2SO4  =  0'l;  iodine  =  00101. 


Time  (minutes)   0 
x^.lO*           98-3 
^2.10^          (98-3) 

15 
95-6 
95-6 

51          75         105 
892       84-8      79-3 
89-1       84-8       79-4 

;fc=0-000018. 

135 
74-5 
740 

165 
70-2 
68-6 

255 
67-7 
52-4 

24  hour 
42-4 

From  a  comparison  of  the  equilibrium  iodine  concentrations 
recorded  under  ^  =  24  hours,  it  is  evident  that  the  extent  to  which 
the  reaction  proceeds  is  dependent  on  the  nature  of  the  ketone  in 
solution.  Although  the  above  three  experiments  are  not  strictly 
comparable  because  of  the  differences  in  the  ketone  concentrations, 
it  is  seen  that  in  the  acetone,  diethyl  ketone,  and  acetophenone 
solutions  the  unchanged  iodine  amounts  to  about  20,  2,  and  40  per 
cent,  respectively.     Of  the  ketones  examined,  the  reaction  proceeds 
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furthest  in  the  case  of  diethyl  ketone,  and  to  the  smallest  extent 
in  the  case  of  acetophenone,  and  on  this  account  data  are  recorded 
for  these  two  substances,  as  well  as  for  acetone,  which  show  the 
progress  of  the  reaction  throughout  the  greater  part  of  its  course. 

On  comparing  the  values  of  Tj  and  a:,,  it  is  seen  that  in  the  case 
of  acetone,  the  rate  of  disappearance  of  the  iodine  is  constant  until 
about  50  per  cent,  of  the  iodine  originally  present  has  reacted,  and 
that  the  velocity  then  diminishes  as  the  equilibrium  condition  is 
approached.  For  diethyl  ketone  the  velocity  remains  constant  until 
about  75  per  cent,  of  the  iodine  has  disappeared,  whereas,  in  the 
case  of  acetophenone,  the  velocity  shows  distinct  evidence  of 
diminution  when  about  30  per  cent,  of  the  iodine  has  reacted. 
The  point  at  which  the  velocity  begins  to  fall  is  obviously  determined 
by  the  proportion  of  the  original  iodine  which  remains  when  the 
condition  of  equilibrium  has  been  reached.  The  more  complete  the 
reaction,  the  greater  is  the  range  over  which  the  reaction  velocity 
remains  constant. 

In  the  communication  of  further  results  this  circumstance  is  taken 
into  consideration,  and  the  measured  velocities  relate  solely  to  that 
part  of  the  total  reaction  in  which  the  iodine  disappears  at  a 
constant  rate.  Table  III  contains  the  data  obtained  in  experiments 
with  other  ketones,  the  calculated  iodine  concentrations  being  placed 
alongside  the  observed  values,  as  in  table  II : 

Table  III. 

Methyl  Ethyl  Ketone. 

Ketone  =  01 74;  H2SO4  =  0095  mol.  per  litre. 


Time  (minates) 
Xj.lO* 
a^-lO* 

0 
94-8 
(94-8) 

30i               57i 
79-4              66  1 
79-8              66-8 

Xr= 0  0000495. 

85J^ 
52 '9 
52-5 

1-29 
34-4 
31-2 

Methyl  Propyl  Ketone. 

Ketone  =  0-1727;  H2SO4  =  01  mol.  per  litre. 

Time  (minntes)           0                  30                47  60                 95 

a^.lO*                  921              780              698  640              476 

a»10*                 (921)             780              700  639              475 
ifc=0 -0000453. 

Methyl  Butyl  Ketone. 

Ketone  =  0-1 678;  H2SO4  =  01  mol.  per  litre. 

Time  (minutca)          0                  25                45  60                85 

afjlO*                  89-5              76-3              66-2  581              455 

',.10*                 (89-5)             76-4              660  681              451 

/t  =  0  0000523. 
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Methyl  Hexyl  Ketone. 
Ketone  =  0-0814;  H2SO4  =  0-l  mol.  per  litre. 

Time  (minutes)  0  30  70  100  130 

aJi.lO^  73  3  65-8  557  48-3  41-2 

cCj.lO^  (73-3)  65-8  55-8  48-3  40-8 

/;=0-000025. 

Phenyl  Ethyl  Ketone. 
Ketone  =  00855;  H2S04  =  0-251  mol.  per  litre. 

Time  (minutes)       0  120  235  350  480  565 

a;i.lO^  ^Q-Q  90-0  83-6  78-3  71*8  67-4 

x^.W  (96-6)  90-4  84-4  78-4  7r6  67-2 

^•=:  0-0000052. 

In  addition  to  the  above  experiments  others  were  made  in  which 
the  concentrations  of  the  various  ketones  and  of  the  acid  were 
approximately  doubled  or  halved.  These  indicate  that  the  various 
reactions  take  place  at  a  rate  which  is  proportional  to  the  ketone 
and  acid  concentrations,  as  was  found  to  be  the  case  for  the  action 
between  iodine  and  acetone  in  aqueous  solution.  Apart  from  the 
constancy  of  the  reaction  velocity,  the  fact  that  the  influence  of 
ketone  and  acid  concentration  is  the  same  for  all  the  ketones 
examined  affords  strong  evidence  in  support  of  the  view  that  the 
cause  of  the  uniform  speed  of  the  reaction  is  the  same  in  all  cases, 
that  is  to  say,  a  change  in  the  ketone  from  the  ketonic  to  the  enolic 
form. 

On  the  basis  of  the  observed  proportionality  between  the  velocity 
and  the  ketone  and  acid  concentrations,  the  several  values  obtained 
for  the  speed  of  the  reactions  may  be  reduced  to  a  uniform  ketone 
and  acid  concentration  (ketone  =  1/6  mol.  per  litre;  sulphuric 
acid  =  0-1  mol.  per  litre).  In  this  way  the  velocities  of  reaction 
recorded  in  the  second  column  of  table  IV  are  obtained.  These 
numbers  may  be  taken  as  representing  the  relative  rates  at  which 
the  ketonic  forms  of  the  various  members  of  the  series  are  converted 
into  the  corresponding  enolic  forms.  The  velocities  with  reference 
to  acetone  as  standard  are  given  in  the  third  volume. 

Table  IV. 

k  (niols.  per  litre  Relative 

Ketone.                         per  minute).  k  values. 

Acetone..  48xl0-«  1 

Methyl  ethyl  ketone    SOxlO-^  1-04 

Methyl  propyl  ketone 45x10"^  0"94 

Methyl  butyl  ketone    53  x  lO"'  I'lO 

Methyl  hexyl  ketone    51x10-8  1*06 

Acetophonone    18x10"*  0*37 

Diethyl  ketone 395  xlO"*  0-82 

Phenyl  ethyl  ketone    4  0xl0-«  0-083 
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From  the  above  values  of  k,  it  is  seen  that  the  replacement  of 
one  of  the  methyl  groups  in  acetone  by  ethyl,  propyl,  butyl,  or 
hexyl  does  not  cause  very  much  alteration  in  the  rate  at  which 
the  substance  reacts  with  iodine.  On  the  other  hand,  the  reactivity 
is  reduced  to  nearly  one-third  when  the  methyl  group  is  replaced 
by  phenyl.  For  diethyl  ketone  the  velocity  is  only  about  20  per 
cent,  smaller  than  in  the  case  of  acetone,  and  substitution  of  phenyl 
for  one  of  the  ethyl  groups  reduces  the  reactivity  to  about  one-tenth. 

On  the  assumption  that  the  measured  velocities  are  determined 
by  the  respective  rates  of  tautomeric  change,  it  is  not  surprising 
that  the  first  five  ketones  should  be  found  to  react  with  iodine  at 
approximately  the  same  rate,  for  in  each  case  the  transformation 
involved  may  be  supposed  to  be  that  represented  by 

CHg-CO-R  — >  CH2:C{0H)-R. 
On  the  other  hand,  the  fact  that  the  reactivity  of  diethyl  ketone 
is  nearly  as  great  as  that  of  the  methyl  ketones  would  seem   to 
show  that  the  change  represented  by 

CH3-CH2-CO-R  -^  CH3-CH:C(0H)-R 

may  take  place  almost  as  readily  as  the  previous  one.  That  this 
approximate  equality  of  the  rates  of  change  of  the  groups  CHs'CX)' 
and  CHs'CHj'CO*  is  not  general,  however,  is  evident  from  a  com- 
parison of  the  values  for  acetophenone  and  phenyl  ethyl  ketone. 
As  shown  by  experiments  with  benzophenone,  the  phenyl  group 
does  not  react  at  all  with  iodine  under  the  conditions  of  the  dynamic 
experiments,  and  it  might  be  expected  that  the  ratio  of  the 
reactivities  of  these  two  substances  would  be  the  same  as  the  ratio 
found  in  the  case  of  acetone  and  diethyl  ketone.  This  is  not  the 
case,  the  observed  velocity  of  reaction  in  the  case  of  acetophenone 
being  about  four  and  a^half  times  as  great  as  that  found  for  phenyl 
ethyl  ketone.  In  other  words,  the  relative  rates  at  which  the 
groups  CH3'C0*  and  CH3'CU2'CO'  undergo  tautomeric  change  is 
dependent  on  the  nature  of  the  radicle  with  which  the  two  groups 
are  combined.  On  the  other  hand,  the  approximate  equality  of 
the  rates  of  reaction  of  dimethyl  and  diethyl  ketone  with  iodine 
leads  us  to  anticipate  that  methyl  ethyl  ketone  will  react  with  iodine 
in  two  ways,  which  are  determined  respectively  by  the  tautomeric 
changes : 

CHj-CO-CHj-CHg  — >  CH2:C(OH)-Cn2-Cir3  and 

ClJj-COCHj-CHg  -^  CH3-C(OH):CH-CH3. 

The  amounts  of  the  corresponding  iodo-substitution  products  will 
be  conditioned  by  the  relative  rates  at  which  these  two  changes 
take  place.  On  the  basis  of  the  results  which  have  been  obtained 
with  the  aliphatic  ketones,  it  appears  probable  that  aliphatic  ketones 
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will  in  general  give  rise  to  two  substitution  products,  for  the 
velocities  of  the  two  possible  tautomeric  changes  are  apparently  of 
the  same  order  of  magnitude. 

Preliminary  experiments  have  been  made  which  show  that  certain 
aldehydes  react  with  iodine  in  a  similar  manner  to  that  observed 
for  the  various  ketones  investigated  in  this  paper.  This  is  the  case 
for  propaldehyde,  whereas  the  kinetic  investigation  of  the  reaction 
between  acetaldehyde  and  iodine  indicates  that  the  mechanism  of 
this  change  is  of  a  different  kind.  This  question  is  being  further 
investigated. 

The  chief  results  obtained  in  this  inquiry  are : 

1.  Evidence  is  adduced  to  show  that  the  mechanism  involved  in 
the  reaction  of  iodine  on  various  ketones  is  of  the  same  kind,  the 
progress  of  the  change  being  determined  by  the  rate  at  which  the 
enolic  form  of  the  ketone  is  formed. 

2.  From  the  measurement  of  the  velocities  with  which  the  ketones 
react  with  iodine,  the  relative  rates  at  which  the  ketones  undergo 
tautomeric  change  have  been  obtained. 

Physical  Chemistry  Laboratory, 
The  University, 

•   Leeds. 


OCX VI. — The  Constitution  of  Eriodictyol,  of  Homoerio- 
dictyol,  and  of  FJesperitin. 

By  Frank  Tutin. 

In  a  paper  communicated  to  the  meeting  of  the  American 
Pharmaceutical  Association,  held  at  Indianapolis,  Ind.,  in  Septem- 
ber, 1906,  Dr.  F.  B.  Power  and  the  present  author  described  the 
isolation  of  two  crystalline  substances  of  phenolic  nature  from  the 
leaves  of  Eriodictyon  Galifornicum  (Hooker  and  Arnott),  Greene 
(Proc.  Amer.  Pharm.  Assoc,  1906,  54,  352).  These  two  compounds 
were  designated  eriodictyol  and  homoeriodictyol  respectively,  the 
former  having  been  proved  to  possess  the  formula  CjsHjgOg,  whilst 
the  composition  of  the  latter  was  shown  to  be  CjgHi^Og. 

In  a  subsequent  communication  (Trans.,  1907,  91,  887)  it  was 
noted  that  there  are  certain  similarities  in  the  properties  of 
homoeriodictyol  and  its  isomeride,  hesperitin,  which  suggested  that 
these  two  compounds  were  structurally  related.  Experiments  sup- 
ported this  view,  for,  whilst  hesperitin  yields  isoferulic  acid 
(3-hydroxy-4-methoxycinnamic  acid)  and  phloroglucinol  on  hydrolysis 
(Tieraann  and  Will,  Ber.,  1881,   14,  970),  homoeriodictyol,  when 
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similarly  treated,  gave  the  same  phenol  together  with  ferulic  acid 
(4-hy droxy-3-methoxycinnamic  acid) . 

Tiemann  and  Will  {loc.  cit.)  assigned  to  hesperitin  the  con- 
stitutional formula  (I).     This  formula  received  support  through  the 

OH 

MeO<^   \ch:ch-co-o/ 

H0~  OH 

(X) 
work  of  A.  G.  Perkin  (Trans.,  1898,  73,  1037),  who  prepared  acetyl- 
hesperitin,  and  recorded  results  which  indicated  that  this  compound 
was  a  triacetyl  derivative. 

It  appeared  therefore  from  the  results  of  the  hydrolysis  experi- 
ments mentioned  above  that  homoeriodictyol  differed  from 
hesperitin  only  in  the  relative  positions  of  the  hydroxyl  and  methoxyl 
groups  in  the  catechol  part  of  the  molecule.  When,  however, 
acetylhomoeriodictyol  was  prepared,  it  was  found  to  contain  four 
acetyl  groups.  It  was  therefore  concluded  that  homoeriodictyol 
must  be  represented  by  formula  (II). 

_  ^9_ 

H0<^    ^CHICH-CO/     ^OH 

Med~  H0~ 

(ir.) 

From  this  it  would  appear  that  homoeriodictyol  was  not  so 
similar  to  hesperitin  in  structure  as  had  at  first  been  concluded. 
Nevertheless,  Dr.  Power  and  the  present  author  were  so  convinced 
of  the  near  relationship  of  these  two  compounds  that  they  ventured 
to  suggest  that  the  formula  hitherto  assigned  to  hesperitin  is 
incorrect,  notwithstanding  the  statement  of  Perkin  (loc.  cit.)  that 
the  latter  yields  only  a  triacetyl  derivative.  Formula  (III)  was 
therefore  put  forward  for  hesperitin. 

H0_ 

Me0<^     Nc  H :  CH  •  00<^    ^OH. 

HO"  H0~ 

(III.) 

With  regard  to  the  constitution  of  eriodictyol,  the  amount  of 
material  which  was  at  first  available  did  not  permit  of  many  experi- 
ments being  conducted  with  this  substance,  but  the  view  was 
expressed  that  it  was  the  parent  compound  of  which  hesperitin  and 
homoeriodictyol  are  monomethyl  ethers  (formula  IV). 

H0<^    NCHICH'CO/    \0H 

HO  HO 

(IV.) 
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Shortly  after  the  appearance  of  the  first  paper  by  Power  and 
Tutin  on  eriodictyon  leaves  {loc.  cit.),  a  communication  on  the  same 
subject  was  published  by  G.  Mossier  {Annalen,  1907,  351,  233). 
This  author  recorded  the  isolation  of  a  substance  possessing  the 
formula  Ci6Hj40g,  designated  "  eriodictyonon,"  which  was  evidently 
identical  with  homoeriodictyol.  Mossier,  however,  did  not  succeed 
in  isolating  any  eriodictyol. 

After  having  published  the  account  of  their  work  on  the  con- 
stitution of  homoeriodictyol.  Dr.  Power  and  the  present  author 
received  from  Dr.  Mossier  a  reprint  of  a  paper  communicated  by 
him  to  the  Academy  of  Sciences  in  Vienna  (Sitzungsher.  K.  Akad. 
Wiss.  Wien,  1907,  116,  ii,  June,  1907).  In  this  communication 
Mossier,  who  was  unaware  of  the  more  recent  work  of  the  above- 
mentioned  authors,  admits  that  his  "  eriodictyonon "  is  identical 
with  homoeriodictyol,  and  sets  forth  the  conclusion  that  this  sub- 
stance is  represented  by  one  of  the  following  formulae : 


HOf    \ |C(OH)-<        >0H      or 

^'\/\/^'^  OH  H0/\— ,C0  .-PJ^ 

^^2  MeO.      L      JC{0H)-/       \0H 

This  last  publication  by  Mossier  was  replied  to  by  Dr.  Power 
and  the  present  author  (Proc,  1907,  23,  243),  when  it  was  pointed 
out  that  neither  of  the  formulae  proposed  by  Mossier  could  be 
correct,  since  compounds  possessing  such  a  structure  could  not  yield 
phloroglucinol. 

One  statement  made  by  Mossier,  however,  was  in  direct  conflict 
with  the  views  which  the  present  author,  in  conjunction  with 
Dr.  Power,  had  expressed  regarding  the  constitution  of  homo- 
eriodictyol, namely,  that  the  substance  in  question  was  optically 
active.  The  last-mentioned  authors  were  unable  to  confirm  this, 
and,  since  the  correctness  of  their  conclusions  regarding  homo- 
eriodictyol have  now  been  fully  proved,  it  is  evident  that  the  above 
statement  of  Mossier  must  have  been  based  on  an  incorrect 
observation. 

It  appeared  to  the  present  author  that  there  was  one  possible 
alternative  to  the  formula  which  had  been  suggested  by  him  in 
conjunction  with  Dr.  Power  for  homoeriodictyol,  but  which  was  not 
at  all  probable,  namely,  a  structure  related  to  the  second  formula 
proposed  by  Mossier,  as  follows : 

OH 


Hor  ^ — I  CO 

MeO 


1^  JC(0H).<_>  • 
CHj  OH 
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A  substance  possessing  such  a  formula  might  conceivably  yield,  on 
hydrolysis,  phloroglucinol  and  ferulic  acid  by  the  addition  of  two 
molecules  of  water,  followed  by  the  elimination  of  one  such  molecule, 
although  such  a  change  appeared  highly  improbable.  It  was  con- 
sidered advisable,  therefore,  in  order  conclusively  to  prove  the 
constitution  of  homoeriodictyol  and  related  compounds,  to  have 
recourse  to  synthetical  experiments. 

If  the  formulae  suggested  by  Dr.  Power  and  the  present  author 
for  eriodictyol,  homoeriodictyol,  and  hesperitin  be  correct,  then 
these  substances  are  2:4:  Q-trihydroocyphenyl  3 :  ^-dihydroxystyryl 
ketone,  2:4:  Q-trihydroxyphenyl  ^-hydroxy-Z-methoocystyryl  ketone, 
and  2:4:  6-trihydroxyphenyl  3-hydroxyA-methoxystyryl  ketone 
respectively.  It  was  decided  therefore  to  methylate  the  first- 
mentioned  three  substances,  and  to  compare  the  fully  methylated 
products  with  synthetically  prepared  2:4:  6-trimethoxyphenyl 
3 :  A-dimethoxystyryl  ketone.  The  results  of  the  methylation  of 
eriodictyol,  homoeriodictyol,  and  hesperitin  are  recorded  in  the 
present  paper,  and  it  is  shown  that  each  of  them  yields  2:4:  6-tri- 
methoxyphenyl  3 :  4-dimethoxystyryl  ketone  and  2-hydroxy-4 :  6-di- 
methoxyphenyl  3 :  4-dimethoxystyryl  ketone  identical  in  all  respects 
with  these  substances  as  prepared  synthetically  (see  the  following 
paper). 

The  correctness  of  the  formulae  suggested  by  Power  and  Tutin 
for  eriodictyol,  homoeriodictyol,  and  hesperitin  is  therefore  proved 
beyond  question. 

Naringenin,  a  hydrolytic  product  of  the  glucoside,  naringin,  was 
shown  by  Will  (Ber.,  1885,  18,  1311)  to  be  related  to  hesperitin. 
On  heating  with  aqueous  potassium  hydroxide,  it  undergoes 
hydrolysis  in  a  manner  similar  to  the  latter  compound,  and  yields 
phloroglucinol  and  p-hydroxycinnamic  acid.  Will  therefore  con- 
cluded {Ber.,  1887,  20,  297)  that  naringenin  was  the  phloroglucinyl 
ester  of  the  above-mentioned  acid.  In  view  of  the  results  recorded 
in  the  present  paper  concerning  hesperitin,  there  can  be  no  doubt 
that  naringenin  is  also  a  ketone,  namely,  2:4:  6-trihydroxyphenyl 
i-hydroxystyryl  ketone. 

In  a  previous  communication  (Power  and  Tutin,  Trans.,  loc.  cit.) 
a  monomethyl  ether  of  homoeriodictyol  was  described.  A  larger 
quantity  of  this  substance  has  now  been  prepared,  and  it  has  been 
proved  to  be  2  :  6-dihydroxyA-methoxyphenyl  A-hydroxy-3-methoxy' 
ttyryl  ketone.  Similarly,  when  one  methyl  group  is  introduced  into 
eriodictyol,  it  takes  up  the  4-position  in  the  phenyl  radicle,  the 
product  being  a  new  isomeride  of  homoeriodictyol  and  hesperitin, 
namely,  2  :  Q-dihydroxy  -  4  -  methoxyphenyl  3:4-  dihydroxystyryl 
ketone. 

VOL.   XCVII.  6  T 
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The  observation  of  Per  kin  {loc.  cit.)  regarding  the  anomalous 
character  of  the  sodium  derivative  of  hesperitin  has  been  confirmed, 
this  substance  appearing  to  have  the  formula  Ci6Hj306Na,CieHj406. 
On  the  other  hand,  the  statement  made  by  Perkin  that  the  product 
of  the  action  of  acetic  anhydride  on  hesperitin  is  a  triacetyl 
derivative  cannot  be  confirmed,  it  having  been  proved  that  the 
substance  thus  formed  is  tetroracetylhes'peritin. 

Experimental. 

Eriodictyol  (2:4:  ^-Trihydroxyphenyl  3 :  A-Dihydroxystyryl 

Ketojie). 

A  quantity  (5  grams)  of  eriodictyol  *  was  dissolved  in  alcohol,  and 
an  excess  of  methyl  sulphate  added,  after  which  a  concentrated 
alcoholic  solution  of  potassium  hydroxide  was  allowed  to  flow  into 
the  hot  liquid  at  such  a  rate  that  the  mixture  was  kept  gently 
boiling.  The  liquid  at  first  showed  a  tendency  to  darken,  owing 
to  the  absorption  of  oxygen,  but  this  soon  ceased  as  methylation 
proceeded.  Finally,  the  mixture  assumed  a  dark  red  colour  on 
the  addition  of  the  alkali,  which  only  slowly  disappeared.  A  further 
quantity  of  methyl  sulphate  was  added,  followed  by  more  alkali, 
after  which  the  mixture  was  kept  for  twenty  minutes  and  then 
poured  into  water.  The  yellow  product  precipitated  by  this  treat- 
ment was  extracted  by  means  of  chloroform,  the  solution  being 
washed,  dried,  and  the  solvent  removed.  The  residue  thus  obtained 
was  boiled  with  successive  portions  of  dilute,  aqueous  potassium 
hydroxide  so  long  as  the  decanted  alkaline  liquid  was  yellow  in 
colour,  after  which  the  material  insoluble  in  the  alkali  was  washed 
and  dissolved  in  alcohol.  On  inoculating  the  solution  thus  obtained 
with  synthetic  2:4:  6-trimethoxyphenyl  3 :  4-dimethoxystyryl 
ketone  (see  the  following  paper),  crystallisation  rapidly  ensued. 
The  product  so  obtained  was  identical  in  all  respects  with  the 
synthetical  compound  just  mentioned.  It  crystallised  in  stout,  pale 
yellow  prisms,  and,  when  dried  in  the  air,  melted  at  85°,  but  in 
the  anhydrous  state  at  117"5°  : 

0-1747  t  gave  0-4279  COg  and  0-1046  IlgO.     0  =  66-8;  H  =  6'4. 
C2oH220g  requires  C  =  67-0;  H  =  6-l  per  cent. 

The  potassium  hydroxide  extracts  which  had  been  decanted  from 
the  crude  2:4:  6-trimethoxyphenyl  3  :  4-dimethoxystyryl  ketone 
were  acidified,  and  the  precipitated  yellow  product  was  crystallised 
from  alcohol,  in  which  it  was  rather  sparingly  soluble.     Deep  yellow 

*  For  an  inipioved  method  of  isolating  triodictyol,  liomoeriodictyol,  and  other 
phenolic  .substances  from  Eriodictyon  leaves,  compare  Tutin  and  Clewer,  Trans., 
1903,  96,  81.  f  Anhydrous  substance. 
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leaflets  were  thus  obtained,  which  melted  at  154°,  and  were  identical 
with  the  2-hydroxy4 :  6-dimethoxyphenyl  3 :  4-dimethoxystyryl 
ketone  described  in  the  following  paper : 

0-1279  gave  03099  COo  and  0-0680  H.O.     C  =  661 ;  H  =  5-9. 
CigHjoOg  requires  66-3;  H  =  5-8  per  cent. 

Monomethyleriodictyol  (2:  ^-Dihydroxy-A-methoxyphenyl  3:  ^-di- 
hydroxystyryl  ketone). — Four  grams  of  eriodictyol  were  dissolved 
in  absolute  alcohol,  and  to  this  solution  was  added  one  and  a-half 
molecular  proportions  of  methyl  sulphate,  which  had  just  previously 
been  washed  with  aqueous  sodium  carbonate  and  dried.  Slightly 
more  than  the  equivalent  amount  of  sodium,  dissolved  in  absolute 
alcohol,  was  then  gradually  introduced  into  the  hot  mixture.  After 
removing  the  alcohol,  the  residue  was  dissolved  in  ether,  washed 
with  water,  and  then  fractionally  extracted  by  shaking  with  suc- 
cessive portions  of  an  aqueous  solution  of  sodium  carbonate.  The 
first  few  extractions  removed  only  unchanged  eriodictyol,  which 
formed  the  greater  part  of  the  product,  but  on  acidifying  the 
alkaline  liquids  subsequently  obtained,  a  yellow  product  separated, 
which  partly  crystallised  on  keeping.  This  was  collected,  well 
washed  with  alcohol,  and  then  recrystallised  from  this  solvent,  in 
which  it  was  but  sparingly  soluble.  Almost  colourless  needles  were 
thus  obtained,  which  melted  at  215°: 

01284  gave  02995  CO,  and  00583  H,0.     C  =  63-6;  H  =  5-0. 
CjcHi^Og  requires  0  =  635;  H  =  4-6  per  cent. 

This  substance  was  therefore  a  monomethyleriodictyol,  and  since 
it  is  not  identical  with  either  homoeriodictyol  (2:4:  6-trihydroxy- 
phenyl  4-hydroxy-3-methoxystyryl  ketone)  or  hesperitin  (2:4:  6-tri- 
hydroxyphenyl  3-hydroxy-4-methoxystyryl  ketone),  and  the  hydroxyl 
group  in  the  2(or  6)-position  is  known  to  be  diflficult  of  methylation, 
it  must  be  2 :  Q-dihydroxy-A-methoxyphenyl  3 :  A-dihydroxystyryl 
ketone. 

Monomethyleriodictyol  dissolves  in  aqueous  alkali  hydroxides, 
giving  at  first  a  practically  colourless  solution,  but  after  about 
thirty  seconds  the  liquid  suddenly  becomes  totally  black.  On 
acetylation,  monomethyleriodictyol  yields  a  tetra-acetyl  derivative, 
which  forms  colourless  needles,  melting  at  159°. 

Homoeriodictyol    (2:4:  &-Trihydroxyphenyl  i-Hydroxy-Z-methoxy- 

slyryl  Ketone). 

The  methylation  of  homoeriodictyol  by  means  of  methyl  sulphate 
and  potassium  hydroxide  proceeded  analogously  to  that  of 
eriodictyol,  with  the  exception  that  there  was  no  tendency  to  absorb 
oxygen,  and  consequently  a  cleaner  product  wa«  obtained.     The 

G  T  2 
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methylated  material  was  examined  as  above-described,  when  it 
readily  yielded  2:4:  6-trimethoxyphenyl  3 :  4-dimethoxystyryl 
ketone  (m.  p.  85°  when  air-dried;  117'5°  when  anhydrous),  and 
2-hydroxy-4 :  6-dimethoxyphenyl  3 :  4-dimethoxystyryl  ketone  (m.  p. 
154°). 

Monoraethylhomoeriodictyol  (2 :  ^-DihydroxyA.-Tmthoxyphenyl 
^-hydrooey-'i-methoxystyryl  ketone).  —  Monomethylhomoeriodictyol, 
prepared  by  the  action  of  methyl  iodide  on  the  crystalline  sodium 
derivative  of  homoeriodictyol,  was  previously  described  by  Power 
and  Tutin  (Trans.,  1907,  91,  895).  A  larger  amount  of  this  product 
has  now  been  prepared  by  heating  the  above-mentioned  sodium 
derivative  with  methyl  iodide  and  methyl  alcohol.  The  product 
thus  obtained  was  dissolved  in  ether  and  freed  from  unchanged 
homoeriodictyol  by  extraction  with  dilute,  aqueous  sodium 
carbonate,  after  which  the  monomethylhomoeriodictyol  was  removed 
by  shaking  with  a  concentrated  solution  of  this  alkali.  The  product 
so  obtained  crystallised  readily  from  alcohol  in  hard,  yellow,  wart- 
like masses,  which  melted  at  142°. 

On  boiling  monomethylhomoeriodictyol  for  several  hours  with 
30  per  cent,  aqueous  potassium  hydroxide,  hydrolysis  occurred  at 
the  double  linking,  after  which  vanillin  was  readily  isolated  from 
the  reaction  mixture.  It  is  evident  from  this,  and  considerations 
previously  given,  that  the  ONa  group  in  the  sodium  derivative  of 
homoeriodictyol,  which  is  converted  into  methoxyl  on  treatment 
with  methyl  iodide,  must  occupy  the  4-position  in  the  phenyl  group 
of  the  molecule.  Monomethylhomoeriodictyol  is  therefore  2  :  ^-di- 
hydroxy A-metlioxyphenyl  4L-hydi'Oxy-2t-met1ioxystyryl  ketone, 

Hesperitin  (2:4:  Q>-Trihydroxy phenyl  Z-HydroxyA-methoxystyryl 

Ketone.^ 

Hesperitin,  which  is  obtained  by  the  hydrolysis  of  the  glucoside, 
hesperidin,  a  constituent  of  the  peel  of  the  orange,  lemon,  and  other 
related  fruits,  has  been  stated  by  Tiemann  and  Will  {Ber.,  1881, 
14,  970)  to  be  the  phloroglucinyl  ester  of  woferulic  acid.  As  stated 
in  the  introductory  portion  of  this  paper,  however,  the  accuracy  of 
this  conclusion  was  doubted  by  Power  and  Tutin,  and  the  present 
author  has  therefore  further  investigated  the  question. 

Hesperitin,  as  obtained  from  Schuchardt,  was  recrystallised  from 
ethyl  acetate,  when  it  melted  at  224°,  but  when  mixed  with  homo- 
eriodictyol, fusion  occurred  at  200°.  The  material  so  obtained, 
however,  did  not  agree  in  its  characters  with  the  description  of 
hesperitin  as  given  by  A.  G.  Perkin  (Trans.,  1898,  73,  1037). 
Thus  it  formed  pale  yellow  plates,  which  could  not  be  distinguished 
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by  inspection  from  crystals  of  homoeriodictyol,  it  was  practically 
tasteless,*  and  it  dissolved  in  alkalis  with  a  bright  yellow  colour. 
Perkin  (loc.  cit.),  on  the  other  hand,  has  described  hesperitin  as 
crystallising  in  almost  colourless  needles,  possessing  an  intensely 
sweet  taste,  and  dissolving  in  alkalis  with,  at  the  most,  a  faintly 
yellow  colour.  Nevertheless,  the  identity  of  the  material  employed 
by  the  present  author  with  hesperitin  cannot  be  doubted,  inasmuch 
as  the  melting  points  of  the  compound  itself  and  its  acetyl  derivative 
are  in  agreement  with  the  corresponding  constants  given  by  Perkin 
for  hesperitin  and  its  acetyl  derivative.  Moreover,  the  substance 
yielded  the  abnormal  sodium  derivative,  CjgHjgOgNajCigHi^Og, 
characteristic  of  hesperitin.  (Found,  Na=3'8.  Calc,  Na  =  3"8  per 
cent.) 

Methylation  of  Hesperitin. 

A  quantity  (l"o  grams)  of  hesperitin  was  methylated  by  means  of 
potassium  hydroxide  and  methyl  sulphate  in  the  manner  previously 
described,  when  the  reaction  appeared  to  proceed  precisely  as  in 
the  case  of  homoeriodictyol.  A  good  yield  of  product  was  obtained, 
which  was  readily  separated  into  the  two  compounds  similarly 
prepared  from  eriodictyol  and  its  homologue,  namely,  2-hydroxy- 
4 :  6-dimethoxyphenyl  3 :  4-dimethoxystyryl  ketone  (m.  p.  154)  and 
2:4:  6-trimethoxyphenyl  3 :  4-dimethoxystyryl  ketone  (m.  p.  85° 
when  air-dried;  117'5°  when  anhydrous). 

Tetra-aceft/lhesperitin. — Half  a  gram  of  hesperitin  was  boiled  for 
three  hours  with  a  considerable  excess  of  acetic  anhydride,  after 
which  the  greater  part  of  the  solvent  was  removed  and  the  mixture 
diluted  with  ether.  After  several  hours,  a  crystalline  substance 
separated  in  tufts  of  colourless  prisms,  which  melted  at  120°.  After 
recrystallisation  from  alcohol,  this  substance  melted  at  127°,  and 
was  evidently  identical  with  the  compound  similarly  prepared  by 
Perkin  (loc.  cit.),  which  he  regarded  as  a  triacetyl  derivative.  The 
number  of  acetyl  groups  in  the  compound  were  estimated  as 
follows.  A  quantity  of  the  substance  was  hydrolysed  with  dilute 
potassium  hydroxide,  the  mixture  then  acidified  with  sulphuric  acid, 
and  the  acetic  acid  removed  by  a  current  of  steam  and  titrated : 

0-2616  gave  acetic  acid  equivalent  to  00900  NaOH.   CO-CH3  =  36-9. 
Ci6Hio06(CO-CH3)4  requires  CO-CH3  =  36-6  per  cent. 

It  is  evident  therefore  that  this  compound  was  tetra-acetyl- 
hesperitin,  and  not  a  triacetyl  derivative.  This  conclusion  is  in 
harmony  with  the  properties  of  the  substauce,  for  it  was  insoluble 

•  Althougli  hesperitin,  when  in  the  solid  state,  possesses  no  appreciable  taste,  its 
alcoholic  solution  is  distiuctlv  sweet. 
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in  cold  dilute  sodium  hydroxide,  which  would  not  have  been  the  case 
had  it  contained  a  hydroxyl  group,  all  the  groups  of  this  nature 
present  in  hesperitin  having  phenolic  properties. 

The  Wkllcome  Chemical  Research  Laboratories, 
London,  E.G. 


CCXVII. — The  Synthesis  of  2:4:  6 -Trimethoxy phenyl 
3  :  4:-Dimethoxystyryl  Ketone.  A  Methyl  Dei^ivative 
of  Eriodictyol,  Homoeriodictyol,  and  Hesj)eritin. 

By  Frank  Tutin  and  Frederic  William  Caton. 

Some  time  ago  Power  and  Tutin  (JProc.  Amer.  Pharm.  Assoc,  1906, 
54,  352)  isolated  from  the  leaves  of  Eriodictyon  Galifornicum 
(Hooker  and  Arnott),  Greene,  two  crystalline  substances  of  phenolic 
nature,  which  were  designated  eriodictyol  and  homoeriodictyol 
respectively.  Eriodictyol  was  shown  to  possess  the  formula 
CjsHigOg,  whilst  homoeriodictyol  was  found  to  be  isomeric  with 
hesperitin,  having  the  formula  CjgHj^Og. 

In  a  subsequent  communication  (Power  and  Tutin,  Trans.,  1907, 
91,  887)  results  were  recorded  which  indicated  that  homoeriodictyol 
possesses  the  following  constitutional  formula: 
_  H0_ 

HQ/^   ^ch:ch-co/   Noh. 

MeU"  H0"~ 

The  amount  of  eriodictyol  at  that  time  available  did  not  permit 
of  many  experiments  being  conducted  with  this  substance,  but  the 
conclusion  was  drawn  that  it  differed  from  its  homologue  only  by 
having  a  hydroxyl  in  the  place  of  the  methoxyl  group.  It  was 
furthermore  suggested  from  certain  similarities  in  the  properties  of 
homoeriodictyol  and  hesperitin  that  these  two  substances  differed 
only  in  the  relative  positions  of  the  hydroxyl  and  methoxyl  groups 
in  the  catechol  part  of  the  molecule,  and  that,  consequently,  the 
constitutional  formula  hitherto  assigned  to  hesperitin  was  incorrect 
(Tiemann  and  Will,  Ber.,  1881,  14,  970;  Perkin,  Trans.,  1898, 
73,  1037)  : 

_  Hq_ 

MeO(^   \ch:ch-co/   Noh 

HCT  H0~ 

Hesperitin 
(Power  and  Tutin). 
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OH 

MeO<(^    ^ch:ch-co-o 

HO 

Hesperitin 
(TiemaDD  and  Will). 

The  above  conclusions  have  now  all  been  confirmed,  inasmttch 
as,  in  the  preceding  paper,  it  is  shown  that  eriodictyol,  homo' 
eriodictvol.  and  hesperitin  each  yield  the  same  product  when  fully 
methylated.  Final  and  conclusive  proof  of  the  structure  of  these 
compounds  was,  however,  desirable,  and  it  appeared  that  this  could 
best  be  obtained  by  the  synthesis  of  the  fully  methylated  product. 

If  the  views  previously  expressed  regarding  the  constitution  of 
eriodictyol,  homoeriodictyol,  and  hesperitin  be  correct  (Power  and 
Tutin,  Trans,  loc.  cit.),  then  these  substances  are  2:4:  6-trihydroxy- 
phenyl  3 :  4-dihydroxystyryl  ketone,  2:4:  6-trihydroxyphenyI 
4-hydroxyl-3-methoxystyryl  ketone,  and  2:4:  6-trihydroxyphenyl 
3-hydroxy-4-methoxystyryl  ketone  respectively.  It  was  therefore 
sought  to  synthesise  2:4:  6-trimethoxyphenyl  3 :  4-dimethoxystyryl 
ketone  in  order  that  it  might  be  compared  with  the  compound 
obtained  on  fully  methylating  the  naturally  occurring  substances 
under  consideration.  This  has  been  accomplished,  and  the  syn- 
thetical compound  has  been  found  to  be  in  all  respects  identical 
with  the  product  obtained  from  the  three  substances  occurring  in 
nature,  thus  affording  conclusive  proof  of  the  constitution  of  the 
latter  compounds. 

2:4:  6-Trimethoxyacetophenone  was  prepared  by  the  interaction 
of  acetyl  chloride  and  phloroglucinol  trimethyl  ether  in  the  presence 
of  anhydrous  ferric  chloride,  and  this  ketone  was  condensed  with 
vanillin  methyl  ether  by  means  of  "  molecular  "  sodium  in  a  manner 
similar  to  that  employed  by  Perkin  and  Weizmann  (Trans.,  1906, 
89,  1649),  when  2:4:  ^trimethoxyphenyl  3 :  4rdimetho3eystyryl 
ketone  resulted  in  good  yield  : 

MeO 

MeO<^^~\cHO  +  CH,-CO<^^^^^OMe     = 

MeO  MeO 

MeO 

^reO<^\cH  :CH-CO<^    ^OMe  +  HjO. 

MeO  MeO 

This  substance  gave,  on  heating  with  aluminium  chloride,  a 
hydroxytetramethoxy-compound,  which  melted  at  practically  the 
same  temperature  as  2-hydroxy-4 :  6-dimethoxyphenyl  3 :  4-di- 
methoxystyryl ketone  described  by  Kostanecki  (5er.,  1904,  37,  793). 
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The  present  authors,  however,  were  unable  to  obtain  from  the 
substance  prepared  by  them  the  acetyl  derivative  described  by 
Kostanecki.  Nevertheless,  it  is  considered  certain  that  the  hydroxy- 
tetramethoxy-compound  obtained  by  the  present  authors  is  identical 
with  that  prepared  by  Kostanecki,  inasmuch  as  the  latter  author 
has  shown  that  a  methoxyl  group  in  the  phloroglucinol  nucleus 
situated  in  the  2-position  with  respect  to  the  side-chain  is  most 
easily  hydrolysed  by  aluminium  chloride. 

2:4:  6-Trimethoxyacetophenone  was  prepared  by  Kostanecki 
(Ber.,  1899,  32,  2262)  in  the  manner  already  mentioned,  but  it  had 
previously  been  stated  by  Friedlander  and  Schnell  {Ber.,  1897, 
30,  2150)  to  result  from  the  interaction  of  phloroglucinol  trimethyl 
ether  and  acetyl  chloride  in  the  presence  of  aluminium  chloride. 
The  present  authors,  however,  could  succeed  in  preparing  it  only 
by  Kostanecki's  method,  and,  when  employing  that  of  the 
earlier  investigators,  obtained  a  hijdroxydiacetyldimethoxyhenzene, 

Experimental. 

Methylation  of  Phloroglucinol. 

Will  {Ber.,  1888,  21,  603)  obtained  phloroglucinol  trimethyl 
ether  by  the  action  of  sodium  and  methyl  iodide  on  the  dimethyl 
ether,  the  latter  being  prepared  by  passing  anhydrous  hydrogen 
chloride  into  a  methyl-alcoholic  solution  of  phloroglucinol.  The 
present  authors,  with  the  endeavour  to  simplify  this  process,  sought 
to  obtain  the  trimethyl  ether  by  the  direct  methylation  of  phloro- 
glucinol with  methyl  sulphate  and  potassium  hydroxide.  This 
method,  however,  did  not  give  satisfactory  yields  of  the  desired 
substance,  a  considerable  part  of  the  material  being  converted  into 
a  neutral  oily  product.  The  latter  distilled  at  140 — 145°/ 13  mm., 
or  at  258 — 266°  under  the  ordinary  pressure.  It  was  unchanged  by 
further  treatment  with  methyl  sulphate  and  potassium  hydroxide, 
but  was  not  further  investigated.  The  method  employed  by  Will 
(loc.  cit.)  was  therefore  adopted,  but  with  the  employment  of 
methyl  sulphate  instead  of  methyl  iodide.  In  this  way  satisfactory 
yields  of  phloroglucinol  trimethyl  ether  (m.  p.  52°)  were  obtained. 

Action  of  Acetyl  Chloride  and  Aluminium  Chloride  on 
Phloroglucinol  Trimethyl  Ether. 

Friedlander  and  Schnell  (loc.  cit.)  treated  phloroglucinol  tri- 
methyl ether  with  acetyl  cjjloride  and  aluminium  chloride,  and 
obtained  thereby  2-hydroxy-4 :  6-dimethoxyacetophenone  and  the 
corresponding  trimethoxy-ketone.  The  present  authors,  however, 
when   employing  the  method   of  these  investigators,  could   isolate 
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from  the  reaction  mixture  only  a  small  amount  of  2-liydroxy-4  :  6-di- 
methoxyacetophenone,  unchanged  phloroglucinol  trimethyl  ether, 
and  a  hydroxydiacetyldimethoxyhenzene,  CioHj^Og,  no  matter  how 
the  conditions  of  the  experiment  were  varied. 

A  quantity  (11"5  grams)  of  phloroglucinol  trimethyl  ether  was 
dissolved  in  carbon  disulphide,  6  grams  of  acetyl  chloride  added, 
and  then  10  grams  of  powdered  aluminium  chloride  gradually 
introduced.  After  heating  the  mixture  for  one  hour  the  solvent 
was  decanted,  and  the  residue  decomposed  with  ice  and  hydrochloric 
acid.  The  product  so  obtained  was  dissolved  in  ether  and  shaken 
with  a  solution  of  potassium  hydroxide,  which  removed  the  greater 
part  of  the  material.  The  neutral  product  remaining  in  the  ether 
consisted  almost  entirely  of  unchanged  phloroglucinol  trimethyl 
ether.  The  alkaline  extracts  were  acidified,  and  the  precipitated 
product  was  crystallised,  first  from  ether,  and  then  from  alcohol, 
when  it  formed  long,  slender  prisms,  melting  at  127 — 128° : 

01090  gave  0-2407  COo  and  00583  mO.     0  =  602;  H  =  5-9. 
01130     „     0-2491  CO,     „    0-0595  hI^O.     C  =  60-1  ;  H  =  5-9. 
01316     „     0-2924  COo     „    00714  H.2O.     0  =  606;  H  =  6-0. 
0H-CeHo(0Me)o(00-CH3)  requires  0  =  612;  H  =  6-l  per  cent. 
OH-C6H(OMe).,(CO-CH3),        „        0  =  605;  H  =  5-9 
OH-Ce(OMe)o(CO-CH3)3        „        0  =  600;  H=5-7 

These  analjrses  indicate  that  the  substance  under  consideration 
was  a  hydroxydiacetyldimethoxyhenzene,  OH'06H(OMe)2(00*OH3)o, 
and  this  conclusion  was  subsequently  confirmed  by  the  analysis  of 
its  benzoyl  derivative.  No  direct  proof  of  the  constitution  of  the 
diketone  was  obtained,  but  it  would  appear  most  probable  that  it 
is  represented  as  follows: 

OH 

I^^CO-CHj 
CH,-0V/^'^^3     • 
CO-CHg 

This  formula  is  preferred  to  the  other  possible  one,  as  it  is  known 
that  2:4:  6-trimethoxyacetophenone,  which  must  first  be  formed, 
readily  yields  2-hydroxy-4  :  6-dimethoxyacetophenone  in  the  presence 
of  aluminium  chloride,  and  a  second  acetyl  group,  when  entering 
the  nucleus  of  the  latter  ketone,  would  assuredly  enter  the  parar 
position  with  respect  to  the  hydroxyl  group. 

Hydroxydiacetyldimethoxybenzene  is  sparingly  soluble  in  ether, 
and  moderately  so  in  alcohol.  It  did  not  lose  either  of  the  methyl 
groups  when  treated  with  anhydrous  ferric  chloride  or  with 
aluminium  chloride,  and  attempts  to  introduce  a  third  acetyl  group 
into  the  nucleus  of  it  were  unsuccessful. 
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A  cetoxydiacet7jldimethoxyhenzene,  OAc*C6H(OMe)2(CO'CH3)2. — 
The  acetyl  derivative  of  the  above-described  compound  was  prepared 
by  means  of  acetic  anhydride.  It  crystallised  from  its  concentrated 
solution  in  this  solvent,  and  was  purified  by  recrystallisation  from 
benzene.  Acetoxydiacetyldimethoxyhenzene  forms  well-defined 
prisms,  melting  at  150'5° : 

01132  gave  0-2409  COg  and  0-0572  HgO.     C  =  60-0;  H  =  5-6. 
Ci4Hi(3'06  requires  C  =  60-0;  H  =  5-7  per  cent. 

This  substance  cannot  be  crystallised  from  ordinary  alcohol  or 
other  hydrous  solvents,  as  it  is  rapidly  hydrolysed  when  dissolved 
in  such  liquids. 

Benzoyloxydiacetyldimetlioxyhenzejie,  OBz'C(iH(OMe)2(CO*CIl3)2. 
- — This  compound  was  prepared  by  the  Schotten-Baumann  reaction. 
It  crystallised  from  benzene  in  cubes,  and  from  absolute  alcohol  in 
slender  prisms,  melting  at  179°: 

0-1132  gave  0-2768  COg  and  0-0551  HgO.     C-66-7;  H  =  5-4. 
^19^22^6  requires  0  =  667;  H  =  5-3  per  cent. 

The  analysis  of  this  compound  conclusively  confirms  the  results 
obtained  by  the  analysis  of  the  original  hydroxy-diketone,  inasmuch 
as  the  related  compounds  containing  one  and  three  acetyl  groups 
would  require  C  =  65-6  and  C  =  68-0  per  cent,  respectively. 

Hydroxydiacetyldimethoxyhenzene'phcmjlhydrazone.  —  One  gram 
of  hydroxydiacetyldimethoxybenzene  was  dissolved  in  a  small 
amount  of  alcohol,  and  slightly  more  than  two  molecular  proportions 
of  freshly  distilled  phenylhydrazine  dissolved  in  acetic  acid  added. 
The  mixture  was  heated  on  a  water-bath  for  a  quarter  of  an  hour, 
when,  after  concentration,  a  crystalline  product  separated.  This 
was  collected,  and  crystallised  many  times,  first  from  acetic  acid, 
and  subsequently  from  a  mixture  of  ethyl  acetate  and  alcohol,  when 
the  melting  point  gradually  rose  from  215°  to  230°,  the  product 
finally  obtained  forming  hexagonal  prisms  melting  sharply  at  the 
latter  temperature : 

0-0927  gave  0-2248  COg  and  0-0529  HoO.     0  =  661 ;  H  =  6-3. 
0-1012     „     8-4  c.c.  N2  (moist)  at  19° "and  753  mm.     N  =  9-4. 
OjgHgoO^N,  requires  0  =  658;   H  =  6-l;  N  =  8-5   per  cent. 

This  compound  was  therefore  a  morwphenylhydrazone  of  hydroxy- 
diacetyldimethoxybenzene. 

The  original  ethereal  mother  liquors  from  the  hydroxydiacetyl- 
dimethoxybenzene  yielded  a  small  amount  of  a  substance  which, 
when  crystallised  from  alcohol,  melted  at  80° : 

00754  gave  01685  00.  and  00425  HgO.     0  =  61-2;  H  =  6-3. 
C10H12O4  requires  0  =  612;  H  =  6-l  per  cent. 
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This  substance  was  evidently  2-hydroxy-4 :  6-dimethoxyaceto- 
phenone,  described  by  Friedlander  and  Schnell  (Joe.  cit.). 

Since  no  trimethoxyacetophenone  could  be  obtained  by  means  of 
the  aluminium  chloride  reaction,  recourse  was  had  to  the  use  of 
sublimed  ferric  chloride  (Kostanecki,  Ber.,  1899,  32,  2261).  By 
this  means  a  good  yield  of  product  was  obtained,  which  consisted 
largely  of  2:4:  6-trimethoxyacetophenone  (m.  p.  99 — 100^),  but 
contained  a  little  of  the  previously  described  hydroxydiacetyl- 
dimethoxybenzene. 

Condensation  of  2:4:  Q-Trimethoxyacetophenone  uith  Vanillin 
Methyl  Ether.  Formation  of  2:4:  Q-T rim ethoxy -phenyl 
3:  ^-Dimethoxystyryl  Ketone. 

Vanillin  was  methylated  by  means  of  methyl  sulphate  in  the 
manner  described  by  Perkin  and  Weizmann  (Trans.,  1906,  89, 
1649),  when  vanillin  methyl  ether  was  readily  obtained.  One 
molecular  proportion  of  the  latter  compound  was  then  heated  in  dry 
ethereal  solution  with  equivalent  amounts  of  2:4:  6-trimethoxy- 
acetophenone and  finely  divided  .sodium.*  Hydrogen  was  slowly 
evolved,  and,  after  six  hours,  a  yellow  solid  commenced  to  separate. 
When  the  reaction  was  complete,  which  was  after  about  twenty-four 
hours  heating,  the  ether  was  decanted,  and  the  residue  dissolved  in 
benzene  and  washed  with  water.  Considerable  diflBculty  was 
originally  experienced  in  causing  the  yellow,  viscid  residue  obtained 
on  evaporating  the  benzene  to  crystallise,  but  this  was  eventually 
effected  from  alcoholic  solution,  after  which  subsequent  batches  of 
material  quickly  crystallised  on  inoculating  with  the  solid  first 
obtained.  2:4:  G-THmethoxyphenyl  3 :  ^-dimethoxystyryl  ketone 
forms  stout,  pale  yellow  prisms,  which  contain  one  molecule  of 
alcohol  of  crystallisation,  and  melt  at  85°.  The  anhydrous  substance 
melts  at  117-5°: 

01158  f  gave  0-2778  CO.^  and  01158  HoO.     0  =  654;  H  =  7-l. 

0-1436:     „     0-3512  CO.3     „     00796  H^O.     0  =  667;  H  =  6-l. 

l-0010,t  on  heating  at  100°,  lost  O'lHO'EtOH.     EtOH  =  ll-4. 

CgoH^jOcEtOH  requires  C  =  65-3;  11  =  6-9;  EtOH  =  ll-4  percent. 

OooHgoOg  requires  C  =  67-0;  H  =  6-l  per  cent. 

2:4:  6-Trimethoxyphenyl  3 :  4-dimethoxystyryl  ketone  is  very 
readily  soluble  in  benzene,  xylene,  chloroform,  or  acetic  acid, 
moderately  so  in  alcohol  or  carbon  disulphide,  and  almost  insoluble 
in  ether  or  petroleum.  It  also  dissolves  readily  in  moderately 
concentrated   hydrochloric  or   sulphuric   acids,    yielding    deep  red 

•  Prepared  by  violently  shakinj?  molten  sodium  under  xylene,  the  latter  being 
Bubsoquently  removed  by  the  addition  of  pure  ether,  and  decantition. 
t  Airdried.  +  Anhydrous  substance. 
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solutions.     It  distils  without  decomposition  at  325°/ 13  mm.,  solidify- 
ing to  a  yellow,  vitreous  mass. 

A  quantity  of  the  ketone  was  heated  for  five  hours  with  a  large 
excess  of  a  concentrated  alcoholic  solution  of  potassium  hydroxide. 
The  greater  part  of  the  material  was  recovered  unchanged  after 
this  treatment,  but  some  veratric  acid  was  isolated  from  the  reaction 
mixture.  It  thus  appears  that,  under  the  influence  of  potassium 
hydroxide,  the  ketone  in  question  is  attacked  at  the  double  linking, 
just  as  has  been  shown,  in  the  preceding  paper,  to  be  the  case  with 
monomethylhomoeriodictyol.  The  first  product  of  this  change  is, 
doubtless,  vanillin  methyl  ether,  which  yields  the  veratric  acid  by 
the  further  action  of  the  alkali. 

Action  of  Aluminium  Chloride  on  2:  A:  Q-Trimethoxyphenyl 
3 :  Ai-Dimrethoxystyryl  Ketone. 

With  the  endeavour  to  remove  methyl  groups  from  the  above- 
described  ketone,  in  order  to  see  if,  in  this  way,  homoeriodictyol 
could  be  obtained,  the  effect  of  ferric  and  aluminium  chlorides  on 
the  pentamethoxy-compound  was  investigated.  Ferric  chloride  was 
quite  without  action  on  it,  but  when  heated  with  aluminium  chloride 
it  slowly  lost  one  methyl  group.  The  change  was  by  no  means 
complete,  even  after  many  hours'  heating,  but  the  hydrolysed 
product  was  readily  separated  from  the  unchanged  material  by 
boiling  the  mixture  with  successive  portions  of  dilute  aqueous 
pt)tassium  hydroxide.  The  alkaline  liquids  so  obtained  yielded,  on 
acidification,  a  yellow  compound,  which  crystallised  very  readily 
from  alcohol  in  deep  golden-coloured  plates,  melting  at  154° : 

0-1122  gave  0*2724  COg  and  0-0584  HgO.     C  =  66-2;  H  =  5-8. 
CigHgoOg  requires  C  =  66-3;  H  =  5*8  per  cent. 

This  compound  is  doubtless  identical  with  the  2-hydroxy-4  :  6-di- 
methoxyphenyl  3 :  4-dimethoxystyryl  ketone  (m.  p.  157°)  prepared 
in  another  way  by  Kostanecki  {Ber.,  1904,  37,  793),  but  the  present 
authors  were  unable  to  obtain  the  crystalline  acetyl  derivative 
described  by  him,  although  several  attempts  were  made. 

The  Wellcome  Chemical  Rrmearch  Labouatouies, 
London,  E.G. 
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CCXVIII. — Tlie  Molecular    Complexity,  in  the    Liquid 
State,  of  Tervalent  Nitrogen  Compounds. 

By  William  Ernest  Stephen  Turner  and  Ernest  Wyndham 

Merry. 

In  a  review  of  the  possible  causes  of  association  in  the  amides  by 
Dr.  A.  N.  Meldrum  and  one  of  us  (Trans.,  1908,  93,  876),  it  was 
suggested  that  the  association  observed  might  well  be  due  to  the 
presence  of  the  tervalent  nitrogen  atom  or  the  oxygen  atom  of  the 
group  'CO'NHg,  and  the  observations  recorded  in  this  com- 
munication were,  in  the  main,  carried  out  in  order  to  test  this 
suggestion. 

Evidence  bearing  directly  on  the  problem  should  be  obtainable 
by  an  examination  of  the  molecular  complexity  of  the  amines,  for 
in  these  substances  the  nitrogen  atom  can  pass  with  great  readiness 
from  the  ter-  to  the  quinque-valent  state.  Such  data  as  existed  at 
the  beginning  of  the  work  were  but  meagre,  consisting  of  deter- 
minations, either  in  solution  or  in  the  liquid  state,  of  the  molecular 
weight  of  aniline,  two  or  three  of  its  derivatives,  and  of  the 
toluidines  (Auwers  and  Pelzer,  Zeitsch.  jthysikal.  Chem.,  1897,. 
23,  449;  Auwers  and  Dohrn,  ibid.,  1899,  30,  542;  Dutoit  and 
Friderich,  Compt.  rend.,  1900,  130,  327).  It  is  well  known,  how- 
ever, and  our  research  confirms  the  fact,  that  the  molecular 
association  of  an  aromatic  substance  is  either  considerably  less  than 
in  the  corresponding  aliphatic  compound,  or  is  non-existent.  We 
decided  accordingly,  whilst  including  a  number  of  aromatic  sub- 
stances, to  make  a  study  of  the  aliphatic  amines. 

The  research  was  extended,  however,  beyond  a  comparison  of  the 
amines  and  amides,  and  was  made  to  include  a  survey  of  other 
nitrogen-containing  compounds.  Of  these,  some,  notably  aceto-, 
propio,  butyro-,  and  benzo-nitrile,  had  already  been  examined  by 
several  investigators  (Ramsay  and  Shields,  Trans.,  1893,  63,  1089; 
Dutoit  and  Friderich,  loc.  cit.;  Guye  and  Baud,  Arch.  Set.  phys. 
nat.,  1901,  [iv],  11,  449;  Renard  and  Guye,  /.  Chim.  phys.,  1907, 
5,  97),  although  their  results  do  not  in  all  cases  agree  as  well  as 
might  be  expected.  We  have  included  in  our  work  redeterminations 
with  these  four  substances,  but  have  not  given  full  results  in  each 
case. 

As  regards  the  nitro-compounds,  Ramsay  and  Shields  {loc.  cit.) 
have  proved,  by  a  comparison  of  nitroethane  and  nitrobenzene,  that 
aliphatic  nitro-compounds  are  associated,  whilst  aromatic  compounds 
are  non-associated.  The  observations  on  this  class  of  substances  we 
have  not  extended,  but  the  possibility  of  association  connected  with 
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the  nitroso-group,  as  revealed  by  the  tendency  of  a  few  derivatives 
of  hydrocarbons  to  form  double  molecules  at  low  temperatures 
(Piloty,  Ber.,  1898,  31,  452;  Bamberger  and  Rising,  Ber.,  1901, 
34,  3877),  attracted  us  to  examine  three  nitrosoamines,  of  which 
dimethylnitrosoamine  is  of  particular  interest  on  account  of  its  con- 
siderable conductivity,  solvent  power,  and  dielectric  constant 
(Walden,  Zeitsch.  -physikal.  Chem.,  1903,  46,  103).  From  the  high 
value  of  the  dielectric  constant  we  expected  to  find  association. 

The  determination  of  the  molecular  complexities  in  the  liquid 
state,  rather  than  in  solution,  was  attended  by  certain  advantages, 
for  our  results  render  it  possible  to  make  a  comparison,  in  some 
cases,  with  the  extent  of  association  in  solution ;  and  we  have  also 
been  able  to  include  a  number  of  substances  the  solubilities  of  which 
in  benzene  and  similar  solvents  are  very  slight,  the  advantage  of 
being  able  to  include  formamide  being  considerable.  As  far  as 
possible,  the  experiments  have  been  carried  out  over  the  same  range 
of  temperatures. 

Against  these  advantages,  we  have  to  set  off  the  fact  that  the 
calculation  and  interpretation  of  the  results  by  the  Ramsay  and 
Shields'  method,  which  has  been  used  in  its  original  form,  is  open 
to  objection,  and  our  own  determinations  support  those  of  Dutoit 
and  Friderich  and  of  Guye  and  his  pupils  in  demonstrating  that 
the  Ramsay  and  Shields'  formula  can  only  be  applied  within  some- 
what circumscribed  limits.  We  have  not  been  able,  owing  to  lack 
of  data  in  most  cases,  to  employ  any  of  the  alternative  methods  of 
determining  the  molecular  complexity,  such  as  have  been  suggested 
by  Ramsay  {Proc.  Roy.  Soc,  1894,  56,  175)  and  Walden  (Zeitsch. 
physikal.  Chem.,  1909,  65,  184). 


Experimental. 

The  measurement  of  surface  tension  was  carried  out  In  an 
apparatus  of  the  U-tube  type,  the  capillaries  used  in  the  construc- 
tion being  previously  carefully  tested  and  calibrated  at  different 
points.  In  form,  the  apparatus  was  very  similar  to  that  employed 
by  Hewitt  and  Winmill  (Trans.,  1907,  91,  441) — reference  to  their 
diagram  will  serve  to  explain  our  arrangement — but  differed  from 
it  in  two  respects :  the  capillary  tube  was  backed  by  enamel,  and, 
more  important  still,  the  end  of  the  capillary  tube,  to  the  extent  of 
about  one  inch,  was  bent  sharply  downwards,  and  a  piece  of  quill 
tubing  of  the  same  diameter  fused  on  to  it,  this  added  tube  being 
bent  sharply  upwards  so  as  to  be  parallel  both  with  the  capillary 
and  with  the  wide  limb  of  the  U-tube.  The  object  of  this  elbow 
of  quill  tubing  was  twofold.     It  served,  in  the  first  place,  as  a  trap 
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for  particles  falling  from  the  rvibber  connexions,  and,  in  the  second 
place,  as  a  reservoir  into  which  liquid  could  be  transferred  from  the 
capillary. 

Constant  temperatures  were  obtained  by  the  use  of  large  baths 
and  a  carefully  regulated  flame.  At  the  higher  temperatures  we 
employed  a  bath  of  paraffin  wax  (m.  p,  60°),  finding  it  much 
preferable  to  concentrated  sulphuric  acid,  and  we  were  able  to  use 
it  at  temperatures  up  to  210°. 

In  most  of  the  experiments,  the  air  was  removed  from  the 
apparatus  by  exhaustion  to  a  low  pressure,  although  it  has  been 
shown  by  Renaud  and  Guye  (loc.  cit.)  that  unless  the  substance  is 
easily  oxidisable,  measurements  of  the  surface  tension  made  both  in 
presence  and  in  absence  of  air  agree  to  within  about 
I  per  cent. 

At  each  temperature,  three  readings  of  the 
capillary  rise  were  made  by  means  of  a  reading 
micrometer,  the  differences  never  amounting  to  more 
than  four  hundredths  of  a  millimetre.  A  fresh 
surface  was  obtained  for  each  reading  by  tilting  the 
tube  and  allowing  liquid  to  run  from  the  capillary 
into  the  elbow  of  quill  tubing.  The  substances  of 
high  melting  point  could  not  be  treated  in  this  way, 
and  in  these  cases  a  fresh  surface  was  obtained  by 
temporarily  forcing  the  liquid  from  the  capillary 
into  the  wide  tube.  Two  independent  series  of  deter- 
minations of  the  surface  tension  were  made  with 
each  substance,  in  many  cases  by  employing  two  tubes 
and  placing  them  side  by  side  in  the  same  bath. 

The  density  determinations  were  mainly  made  in 
specific  gravity  bottles  of  10  c.c.  capacity,  calibrated 
at  five  or  six  different  temperatures  between  20°  and 
90°,  so  that  the  volumes  at  other  temperatures  could 
be  deduced.  At  the  higher  temperatures  considerable 
difficulty  was  experienced  in  using  this  form  of 
pyknometer,  and  the  simple  form  shown  in  the  diagram  was  devised 

and  employed,   the   narrow  tubing   being  capillary  of  1 15  mm. 

diameter  of  quill  tubing  of  about  the  same  bore.  The  cup  was 
charged  with  the  solid,  and  the  pyknometer  transferred  to  the 
heating  bath.  The  liquid  level  was  adjusted  by  air  pressure  to  the 
mark  b,  excess  above  the  level  a  removed  by  fine  capillary  tubes,  and 
the  cup  wiped  out  before  weighing.  All  densities  are  compared 
with  that  of  water  at  4°. 

With  the  exception  of  benzamide  and  salicylamide,  the  materials 
were  obtained  by  purchase,  mainly  from  Kahlbaum,  and  all  were 
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subjected  to  purification  save  a  pure  specimen  of  phenylhydrazine 
obtained  from  Kahlbaum. 

The  liquid  amines  were  treated  with  solid  sodium  or  potassium 
hydroxide,  and  afterwards  distilled,  benzyl-,  dibenzyl-,  and  triamyl- 
amine  under  diminished  pressure,  the  others  under  atmospheric 
pressure.  Distillates  of  constant,  or  almost  constant,  boiling  point 
were  obtained  and  used  throughout.  Diphenylamine  and  tribenzyl- 
amine  were  crystallised  from  alcohol  until  of  constant  melting 
point.  Wherever  possible,  the  densities  obtained  were  compared 
with  those  of  other  investigators.  The  density  of  the  aniline 
employed  agreed  exactly  with  that  found  by  Briihl  (Zeitsch. 
'physikcd.  Ghem.,  1895,  16,  193);  and  those  of  propyl-,  dipropyl-, 
and  tripropyl-amine  were  in  very  close  agreement  with  the  numbers 
given  by  Perkin  (Trans.,  1889,  55,  693). 

The  nitrosoamines  (from  Schuchardt)  were  treated  as  follows : 
phenylmethylnitrosoamine  with  freshly  heated  sodium  sulphate, 
the  two  others  with  recently  ignited  potassium  carbonate,  and  sub- 
sequently distilled  under  diminished  pressure. 

Of  the  nitriles,  acetonitrile,  benzonitrile,  phenylacetonitrile,  and 
wz-toluonitrile  were  treated  with  phosphoric  oxide  and  afterwards 
distilled,  the  acetonitrile  under  atmospheric,  the  others  under 
diminished  pressure.  Propio-,  butyro-,  and  «sobutylaceto-nitrile  were 
kept  over  sodium  sulphate,  and  then  distilled  under  atmospheric 
pressure.  Lacto-,  mandelo-  and  o-toluo-nitrile  were  merely  distilled 
under  diminished  pressure.  The  melting  point  of  the  p-toluonitrile 
was  28'4°,  and  the  substance  was  used  without  further  purification. 
The  densities  at  20°  of  acetonitrile  and  benzonitrile  agreed  very 
closely  with  the  values  found  by  Briihl  (loc.  cit,),  but  those  of 
propio-  and  wobutylaceto-nitrile  were  a  little  higher,  that  of  phenyl- 
acetonitrile a  little  lower,  than  Briihl  found. 

The  formamide  was  well  dried  over  sodium  sulphate  and  after- 
wards distilled  under  diminished  pressure.  Its  density  at  20° 
was  in  good  agreement  with  that  given  by  Briihl.  The 
other  amides,  the  anilides  and  urethanes  were  purified  by  methods 
already  described  (Meldrum  and  Turner,  this  vol.,  p.  1607). 
At  the  conclusion  of  the  surface-tension  measurements,  the  melting 
points  of  the  salicylamide  and  phenylacetamide  were  tested,  and 
found  to  agree  exactly  with  those  of  the  original  substances. 

In  addition  to  the  amides  on  which  we  have  been  successful  in 
making  measurements,  we  endeavoured  to  bring  into  the  scope  of 
the  work  a  number  of  diamides  and  ethyl  oxamate,  but  found  them 
all  unstable.  Carbamide  decomposed  at  its  melting  point ;  ammonia 
from  malonamide  could  be  detected  even  before  melting;  whilst 
ethyl   oxamate,    when  gradually   heated,    gave  ammonia  at  130°. 
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Neither  could  we  find  a  suitable  solvent  for  these  substances.  Their 
insolubility  in  benzene,  ether,  etc.,  is  well  known.  Lachman 
(Zeitsch.  physikal.  Chem.,  1897,  22,  170)  found  that  ethyl  oxamate 
is  soluble  in  methyl  oxalate,  and,  in  this  solvent,  gave  molecular- 
weight  values  indicative  of  decided  association.  "We  used  methyl 
oxalate,  ethyl  oxalate,  diphenylamine,  and  phenylurethane  in 
attempts  to  dissolve  carbamide,  oxamide,  malonamide,  and  succin- 
amide,  but  found  all  these  amides  either  insoluble  or  only  slightly 
soluble.  We  possess  indirect  evidence,  however,  showing  that  these 
substances  should  be  classed  as  associated. 

In  the  following  tables  are  recorded  the  molecular  weight  of  the 
subst^ance,  the  temperature  {t),  the  capillary  rise  in  cm.  (Ji),  the 
radius  of  the  tube  in  mm.  (r),  the  density  (/>),  the  surface  tension 
(y),  the  values  k^  and  k^  of  the  Ramsay  and  Shields'  constants 
calculated  from  the  separate  experiments,  k,  the  mean  values,  and 
the  degree  of  association  (x). 

In  the  case  of  f ormamide  the  mean  values  of  k  are  derived  from 
four  sets  of  experiments. 


A 

minei. 

n- Propylamine  (M.W. 

=  59). 

e. 

10^ 
20 
30 
45 

h. 
3-646 
3-506 
3-368 
3-164 

r. 

01779 
0-1779 
01779 
0-1780 

P- 
0-7271 
0-7185 
0  7081 
0-6894 

y- 
23-13 

21-98 
20-81 
19-04 

1-83 
1-83 
1-82 

I;. 

1-85 
1-84 
1-86 

k. 

1-84 

1-835 

1-84 

X. 

1-24 
1-24 
1-24 

Dipropylamine  (M.W. 

=  101). 

20° 
30 
45 
60 

3-462 
3-334 
3152 
2-962 

01779 
01799 
0-1780 
0-1780 

0  7390 
0-7299 
0-7164 
0-7025 

22 -.32 
21-23 
19-72 
18-17 

2-42 
2-27 
2-87 

2-14 
2-31 
2-33 

2-28 
2-29 
2-35 

0-90 
089 
0-86 

Tripropylamitu  (M.W. 

=  143). 

20° 
80 
45 
60 
75 

3-342 
3-238 
3-079 
2-919 
2-760 

0-1850 
0-1851 
0-1851 
0-1851 
0-1851 

0-7571 
0-7493 
0-7373 
0-7-252 
0-7130 

22-96 
22-03 
20-61 
19-22 
17-87 

2-56 
2-64 
2-63 
2-61 

2-43 
2-63 
2-65 
2-65 

2-495 
2-635 
2-64 
2-63 

0-78 
0-72 
0-72 
0-72 

iao Amylamine  (M.W. 

=  87). 

20° 
30 
45 
60 

3-462 
3-352 
8-184 
3-018 

01851 
0  1851 
0-1851 
0-1851 

0-7505 
0-7417 
0-7277 
0-7128 

23-59 
22-57 
21-04 
19-53 

1-99 
2-03 
2  00 

1-92 
2-03 
2-03 

1-955 
2  03 
2-015 

113 
1-07 
1  08 

Triamylamine  (M.W. 

=  227). 

20° 

30 

45 

60 

75 

3-399 
3-310 
3  172 
3-031 
2-892 

0-1851 
0-1851 
0-1851 
0-1851 
0-1851 

0-7859 
0-7790 
0-7676" 
0-7568 
0-7461 

24  25 
23  41 
22  11 
20  85 
19-59 

3-09 
3-18 
8-14 
8-20 

3-12 
3-11 
8-07 
8-17 

3-105 
3145 
8115 
3-185 

0-56 
0-56 
0-56 
0-54 

VOL. 
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A  m  in  e  s   (continued) . 

Diphenylamine  (M.W.  =169). 


tr. 

h. 

r. 

P- 

7- 

1c,. 

K 

k. 

X. 

60° 

4-268 

0-1777 

1-0547 

39-23 







75 

4-150 

0-1778 

1-0435 

37-77 

2-37 

2-66 

2-515 

0-77 

90 

4-023 

0-1778 

1-0326 

36-23 

2-55 

2-46 

2-505 

0  78 

105 

3-890 

0-1778 

1-0217 

34-66 

2-63 

2-55 

2-59 

0-74 

Benzylaminc  (M.W.  = 

107). 

20° 

4-388 

0-1850 

0-9813 

39-07 









30 

4-298 

0-1850 

0-9727 

37-94 

2  09 

2-07 

2-08 

1-03 

45 

4-155 

0-1850 

0-9597 

36-17 

2-19 

2-05 

212 

100 

60 

4-015 

0  1850 

0-9463 

34-49 

2-12 

2-05 

2-085 

1-03 

75 

3-872 

0-1850 

0-9338 

32-81 

2-28 

2-17 

2-225 

0-97 

Dibenzylamine  (M.W. 

=  197). 

20° 

4-362 

0-1850 

1-0276 

40-68 









30 

4-280 

0-1850 

1-0199 

39-61 

2-90 

2-71 

2-805 

0-66 

45 

4-150 

0-1850 

1-0083 

38-01 

2-92 

2-78 

2-85 

0-64 

60 

4-026 

0-1850 

0-9963 

36  40 

2-93 

2-82 

2-875 

0-63 

75 

3  894 

0-1850 

0-9844 

34-79 

3-01 

2-99 

3  00 

0  59 

Tribenzylaminc  (M.W. 

=  287). 

95° 

3-707 

0-1850 

0-9912 

33-34 









105 

3  628 

0-1850 

0-9850 

32-43 

3-42 

3-40 

3-41 

0-49 

120 

3-604 

0-1850 

0-9741 

30-97 

3-59 

3-46 

3-5-25 

0-47 

135 

3-378 

0-1851 

0-9632 

29-54 

3-57 

3  59 

3-58 

0-46 

Phenylhydrazme  (M.W. 

=  108), 

20° 

4-572 

0-1850 

1-0978 

45-55 









30 

4  480 

0-1850 

1-0899 

44-31 

2-18 

2-16 

2-17 

0-97 

45 

4-322 

0-1850 

1-0777 

42-27 

2-47 

2-27 

2-37 

0-85 

60 

4-179 

0-1850 

1-0653 

40-40 

2-23 

2-16 

2-196 

0-96 

Di 

methylnitrosoamine  (M. 

W.=74) 

20° 

4-269 

0-1850 

1-0059 

38-97 









30 

4-173 

0-1850 

0-9965 

37-73 

1-74 

1-76 

1-746 

1-34 

45 

4-020 

0-1850 

0-9813 

35-80 

1-85 

1-86 

1  -855 

1-22 

60 

3-858 

0-1850 

0-9654 

33-80 

1-94 

1  93 

1-935 

1-15 

75 

3-692 

0-1850 

0-9491 

31-80 

1-97 

1-92 

1-946 

1-14 

D 

iethylnitrosoaminc  (M.W.  =102) 

20° 

3-838 

0-1850 

0-9422 

32-81 





__ 



30 

3-758 

0-1850 

0-9331 

31-82 

1-79 

1-77 

1-78 

1-30 

46 

3-628 

0-1850 

0-9197 

30-28 

1-90 

1-89 

1-896 

1-18 

60 

3-490 

0  1851 

0-9061 

28-71 

1-97 

2-00 

1-985 

1-10 

75 

3-350 

0-1851 

0-8919 

27-13 

201 

2  02 

2015 

1-08 

Phenylmethylnitrosoamine  (M,W.  =  136). 

20° 

4-394 

0-1850 

11276 

44-96 







__ 

30 

4-310 

0  1850 

1-1187 

43-75 

2-38 

2-30 

2-34 

0-86 

46 

4-182 

0-1850 

1-1056 

41-95 

2-40 

2-43 

2-415 

0-82 

60 

4-048 

0-1850 

10919 

40-11- 

2-49 

2-61 

2-50 

0-78 

76 

3-916 

0-i850 

1-0782 

38-31 

2-45 

2-48 

2-465 

0-80 

90 

8-782 

0-1860 

1-0644 

36-63 

2-47 

2-56 

2-61 

078 
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N 

itriles. 

Lactonitrile  (M."W. 

=  71). 

t". 

h. 

r. 

P- 

y- 

Av 

h. 

k. 

X. 

20° 

4-059 

0-1850 

0-9877 

36-38 

— 

— 

— 

— 

30 

3-989 

0-1850 

0-9788 

35-43 

1-27 

1-24 

1-255 

2-21 

45 

3-879 

01850 

0-9656 

33-99 

1-31 

1-33 

1-32 

2-04 

60 

3-765 

0-1850 

0  9525 

32-54 

1-35 

1-30 

1-325 

2  03 

Butyronitrile  (M.W. 

=  69). 

20° 

3-892 

0-1780 

0-7936 

26-97 

•  — 

— 

— 

— 

30 

3-780  • 

01780 

0-7842 

25-88 

1-73 

1-70 

1-715 

1-38 

45 

3-608 

0-1779 

0-7701 

24-25 

1  77 

1-79 

1-78 

1  30 

60 

3-431 

0-1779 

0-7556 

22-62 

1-78 

1-77 

1-775 

1-31 

ISO ButylaceUmitrile  (M.W.=97) 

20° 

3-637 

0-1850 

0-8038 

26-53 

— 

— 

— 

— 

30 

3-548 

0-1850 

0  7955 

25  61 

1-80 

1-81 

1-805 

1-27 

45 

3-410 

0-1851 

0-78-27 

24-23 

1-83 

1-85 

1-84 

1-24 

60 

3-268 

01851 

0-7699 

22-84 

1-89 

1-87 

1-88 

1-20 

BenzonitriU  (M.W.  = 

=  103). 

20° 

4-407 

0-1776 

1-0051 

38-59 

— 

— 

— 



30 

4  315 

01777 

0  9974 

37-51 

1-93 

1  95 

1-94 

1-14 

45 

4-176 

01777 

0-9831 

35-78 

2-03 

2  03 

•Z055 

1-05 

60 

4-010 

0-1778 

0-9692 

33-89 

2-32 

2-26 

2-285 

0-89 

PhenylacetonUHU  (M.  W.  =  1 1 7). 

20° 

4-488 

0-1850 

1-0157 

41-36 

— 

— 

— 

— 

30 

4-404 

0-1850 

1-0076 

40-27 

2-09 

2-07 

2-08 

1-03 

45 

4-276 

0-1850 

0-9939 

38-56 

2-14 

2-13 

2-135 

0-99 

60 

4-136 

01850 

0-9792 

36-75 

2-32 

2-29 

2  315 

0-88 

MandelonUriU  (M.W. 

=  133). 

20° 

4-515 

0-1776 

1-1165 

43-91 

— 







30 

4-450 

01776 

1-1086 

42-98 

1-78 

1-87 

1-825 

1-25 

45 

4-346 

0-1776 

10966 

41-52 

1-87 

1-89 

1-88 

1-20 

60 

4-234 

0-1777 

1-0844 

40-02 

1-96 

1-93 

1-945 

1-14 

o-Toluonilrile  (M.W. 

=  117). 

20° 

4-189 

0-1850 

0-9955 

37-84 

— 

— 



^ 

30 

4100 

0-1850 

0-9863 

36-70 

2-21 

2-21 

2-21 

0  94 

45 

3-961 

0-1850 

0-9737 

35-00 

2  25 

2  33 

2-29 

0-89 

60 

3-809 

0-1850 

0-9596 

33-17 

2-45 

2-27 

2-36 

0-85 

76 

3-656 

0-1850 

0-9481 

31-46 

2-39 

2-32 

2-355 

0-85 

m-Toluonitrile  (M.W. 

=  117). 

20° 

4-089 

0-1778 

1-0316 

36-79 

— 







30 

4012 

0-1778 

1  0235 

35-81 

1-84 

1-84 

1-84 

1-24 

45 

3-890 

0-1778 

1-0122 

34-34 

1-91 

1-91 

1-91 

117 

60 

3  760 

0-1778 

0-9997 

82-78 

2-03 

1-99 

2-01 

1-08 

76 

3  624 

0-1779 

0-9872 

81-22 

2-07 

2  05 

2-06 

1-04 

T^ToluonUriU  (M.W.  = 

=  117). 

80' 

4-112 

0-1860 

0-9785 

36-51 





_ 



46 

8-978 

0-1850 

0-9640 

84-80 

2  22 

2-21 

2215 

0  94 

60 

3-846 

0  1850 

0  9512 

88-20 

213 

2  22 

2-175 

0-96 

76 

8-701 

01850 

0-9390 

31-64 

2-29 

2-17 

2  23 
6    U    2 

0  98 
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Amides. 


Formamide  (M.  W.  =  45). 


e. 

h. 

r. 

P- 

7- 

k,. 

k,. 

k. 

X. 

20° 

5-812 

0-1772 

1-1350 

57-35 

— 

— 

— 

— 

30 

5-770 

0-1772 

1-1267 

56-51 

0  65 

0-61 

0-63 

6-18 

45 

5-704 

0-1773 

1-1142 

55-27 

0-64 

0-65 

0  66 

5-76 

60 

5-634 

0-1773 

1-1015 

53-94 

0-73 

0-73 

0-74 

4-85 

75 

5-529 

0-1773 

10892 
Acet,amide 

52-36 
(M.W.= 

0-93 

:59). 

0-94 

0-95 

3-34 

85° 

4-300 

0-1850 

0-9986 

38-96 

— 



•  — 

■ 

95 

4-226 

0  1850 

0-9904 

37-98 

1-18 

1-14 

1-16 

2-47 

105 

4147 

0-1850 

0-9822 

36  96 

1-24 

1-17 

1-205 

2-33 

120 

4-020 

0-1850 

0-9703 

35-39 

1-31 

1-27 

1-29 

2-11 

Propionamide  (M-W. 

=  73). 

80° 

3-796 

0-1778 

0-9597 

31-77 

_ 

— 

— 



90 

3-718 

0  1779 

0  9517 

30-88 

1-29 

1-33 

1-31 

2-06 

105 

3-599 

0-1779 

0-9395 

29-50 

1-35 

1-31 

1-33 

201 

120 

3-478 

0-1779 

0-9272 

28  14 

1-36 

1-37 

1-365 

1-94 

Laclamide  (M.W.  = 

-89). 

80* 

4-272 

0-1850 

1-1381 

44-12 

— 

— 

— 

— 

90 

4-226 

0-1850 

1-1301 

43-34 

1-06 

104 

105 

2  87 

105 

4-152 

0-1850 

11181 

42-13 

1-12 

1-13 

1-125 

2-59 

120 

4  076 

0-1850 

1-1062 
Benzamide 

40  91 
(M.W.  = 

1-13 

121). 

1-15 

1-14 

2-54 

130° 

3-886 

0-1850 

1-0792 

38-06 

— 







140 

3-846 

0-1850 

1-0717 

37-40 

1-11 

1-08 

1-095 

2  70 

150 

3-804 

0-1850 

1-0641 

36-73 

1-16 

1-26 

1-21 

2-32 

160 

3-756 

0-1850 

1-0565 

36-01 

1-29 

1-25 

1-27 

216 

170 

3-702 

0-1850 

1-0489 

35-23 

1-43 

1-43 

1-43 

1-81 

Pheni/lacctamide  (M.W.  =  135). 

160° 

3-644 

0-1850 

1-0179 

33-66 

— 

— 

— 

— 

170 

3-587 

O-1850 

1-0105 

32-89 

1-58 

1-51 

1-645 

1-61 

180 

3-522 

0-1850 

1-0029 

32-05 

1-77 

1-70 

1-735 

1-85 

Salicylamide  (M.W. 

=  137). 

140° 

3-785 

0-1850 

1-1749 

40-35 

— 

— 

— 

— 

150 

3-746 

0-1850 

1-1663 

39-64 

1-22 

1-18 

1-20 

2-35 

160 

3-700 

0-1850 

1-1578 

38-87 

1-40 

1-36 

138 

1-90 

170 

3-648 

0-1850 

1-1493 

38-04 

1-55 

1-55 

1-55 

1-59 

Anilides  and  Urethanes. 
Formanilide  (M.W.  =121). 


60° 

3-871 

0-1850 

1-1115 

89-04 

— 

75 

3-790 

0-1850 

1-0971 

37-73 

1-49 

90 

3-700 

0-1850 

10866 

36-48 

1-66 

105 

3-699 

0-1860 

1-0743 

35-08 

1-75 

Acetanilide  (M.W. 

=  135). 

120" 

3-988 

0-1778 

1-0261 

35-24 

. — 

180 

3  868 

0-1778 

1-0179 

84-34 

1-86 

145 

3-762 

0-1778 

1  -0055 

32-99 

1-87 

160 

3-652 

0-1779 

0-9933 

31-65 

1-88 

1-48 
1-55 
1-70 


1-88 
1-89 
1-93 


1-485 

1-55 

1-725 


1-87 

1-88 
1-905 


1-69 
1-60 
1-86 


1-21 
1-20 
1-17 
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Anilides  and  Urethanes  (continued). 

Methylacetanilide  (M.W 

=  149). 

t". 

n. 

r. 

p.                y. 

k,. 

k^ 

k. 

X. 

105° 

3-524 

0-1850 

1-0036        32-09 

— 

— 

— 

— 

115 

3-448 

0-1851 

0-9951        31-15 

2-14 

2-22 

2-18 

0-96 

120 

3-406 

0-1851 

0-9910        30-65 

2-22 

2-21 

2-215 

0-94 

130 

3-330 

01851 

0-9828        29-71 

2-24 

2-24 

2-24 

0-92 

145 

3-206 

0-1851 

0-9703        28-24 

2-33 

2-27 

2-30 

0-88 

The 

ranges   of 

temperat 

are  for  which   the  values   of 

k  are 

calculated 

are : — 

105—115°  ;  105- 

-120°  ;  115—130"  ;  130—145°. 

Ethylacetanilidc  (M."W. 

=  163). 

60' 

3  800 

0-1850 

0-9938        34-27 

— 

— 

— 

— 

75 

3-681 

0-1850 

0-9798        32-73 

2-46 

2-46 

2-46 

0-80 

90 

3-554 

0-1850 

0  9657        31-15 

2-58 

2-49 

2-535 

0-76 

105 

3-424 

0-1851 

0-9516        29-58 
Elhylurethane  (M.W. 

2-59 

=  89). 

2-60 

2-595 

0-74 

60' 

3-314 

0-1851 

1-0459  ■       31-47 

— 

— 

— 

— 

75 

3-205 

0-1851 

1-0313         30-01 

1-51 

1-48 

1-495 

1-69 

90 

3-095 

0-1851 

1-0162         28-56 

1-53 

1-51 

1-52 

1-65 

105 

2-980 

0-1851 

1-0005        27-07 
PhenyluretJiane  (M.W. 

1-58 
=  165). 

1-56 

1-57 

1-57 

60' 

3-680 

01850 

1-0792        36-04 

— 

— 

— 

— 

75 

3-576 

0-1850 

10677        34-65 

2-18 

2-15 

2-165 

0-97 

90 

3-468 

0-1851 

10538        33-18 

2-25 

2-19 

2-22 

0-93 

105 

3-354 

0  1851 

1-0399        31-67 

2-39 

2-41 

2-40 

0-83 

The  following  results,  which  we  do  not  consider  it  necessary  to 
give  in  full,  have  also  been  obtained.  Acetonitrile:  20 — 30°, 
A;  =  1-47,  a;  =  1-73;  30—45°,  Z:  =  l-53,  a:  =  1-63;  45—60°,  ^  =  1-56, 
a;  =  1-58,  in  good  agreement  with  the  values  of  Dutoit  and  Friderich 
(Joe.  cit.)  and  Renard  and  Guye  (loc.  cit.).  Propwnitrile :  20 — 30°, 
A;  =  1-63,  ar  =  l-48;  30—45°,  A;  =  163,  a:  =  1-48;  45—60°,  A  =  1-66, 
a;  =  r44,  agreeing  substantially  with  the  results  of  Ramsay  and 
Shields  and  Renard  and  Guye,  but  not  with  those  of  Dutoit 
and  Friderich.  Aniline:  20 — 45°,  A;  =  1-695,  a;  =  140;  45—75°, 
A;  =  2005,  a;  =  l-09,  in  agreement  with  Dutoit  and  Friderich. 

We  have  also  confirmed  the  abnormal  result  obtained  by  Dutoit 
and  Friderich  for  diphenylamine. 

In  the  case  of  ethylurethane,  wo  have  obtained  values  which 
agree  well  with  those  of  Guye  and  Baud,  but  entirely  different 
results  with  phenylurethane.  The  authors  mentioned  found, 
between  638°  and  108-8°,  k  =  V38',  and  1088°  and  152-8°,  it  =  1-81, 
values  indicative  of  pronounced  association.  In  benzene  solution, 
phenylurethane  is  but  slightly  associated,  much  less  so  than  ethyl- 
urethane, which,  at  the  lower  range,  Guye  and  Baud  did  not  find 
associated  as  much  as  phenylurethane. 

The  general  results  are  discussed  in  the  sections  below. 
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The  Molecular  Com'plexity  of  the  Amines. 

Broadly  speaking,  we  may  say  that  the  primary  amines  are 
slightly  associated,  the  secondary  and  tertiary  amines  non-associated 
in  the  liquid  state.  Such  other  data  as  exist  confirm  our  con- 
clusions. Thus,  Kahlenberg  (/.  Physical  Chem.,  1901,  5,  284),  by 
measurement  of  Trouton's  constant,  found  that  amylamine  is  some- 
what associated,  but  dipropylamine  and  diwobutylamine  are  normal. 
The  measurements  on  aniline  in  naphthalene  solution  (Auwers  and 
Pelzer,  loc.  cit.)  and  our  own  determinations  in  solution,  quoted 
below,  cidd  further  confirmation. 

As  is  the  case  with  other  classes  of  associated  substances,  the 
extent  of  association  diminishes  with  increase  in  the  molecular 
weight.  We  deduce  from  this  fact  that  the  parent  substance, 
ammonia,  in  the  liquid  state,  should  show  pronounced  association, 
and  that  the  degree  of  association  should  be  higher  than  found  by 
Walden  (loc.  cit.,  p.  196)  (compare  Franklin  and  Kraus,  Amer. 
Chem.  J.,  1899,  21,  8;  J.  Physical  Chem.,  1907,  11,  558). 

More  exact  interpretation  of  the  results  than  is  given  in  the 
preceding  paragraph  is  somewhat  difficult  to  make.  If  the  primary 
amines  are  associated,  are  the  secondary  and  tertiary  amines,  with 
their  high  values  of  k,  dissociated  ? 

Substances  other  than  the  amines  are  known  having  values  of  the 
Ramsay  and  Shields'  constant  higher  than  2*12.  Walden  (loc.  cit., 
p.  212)  quotes,  from  different  sources,  a  number  of  such  substances. 
Homfray  and  Guye  (J.  Chim.  phys.,  1903,  1,  518)  showed  that  in  a 
series  of  esters  examined  the  value  of  k  increased  with  the  com- 
plexity of  the  molecule,  until,  with  pelargonyl  malate,  /i;  =  3'68.  The 
alteration  in  the  value  of  k  with  constitution  is  perhaps  more  simply 
brought  out  with  the  amines  than  in  the  case  of  the  esters.  In  the 
following  summary,  the  values  of  h  are  given  for  the  temperature 
range  (except  in  the  case  of  tribenzylamine)  of  30 — 45°  and  it  is 
evident  that  in  the  amines  the  value  increases  with  (1)  the  number 
of  hydrogen  atoms  substituted,  (2)  the  mass  of  the  substituting 
group : 


Benzylamine 2'12 

Dibenzylamine  2"85 

Tribenzylamine 3-58  (120—135°) 


n-Propylamine 1  •84 

Dipropylamine 2*29 

Tripropylaniine    2"635 

iaoAmylamine  2  03 

Trianiylamiiie  3*14 

Reference  to  the  anilides  will  show  a  similar  regularity. 

Homfray  and  Guye  suggested  that  the  high  values  of  k  obtained 
by  them  might  be  due  either  to  the  fact  that  the  molecules  were 
not  spherical  or  to  actual  dissociation  of  the  molecules,  and  they 
found  support  for  the   latter    view    from   calculations    based    on 


LIQUID   STATE,    OF   TERVALENT    NITKOGEM   COMPOUNDS.       2079 

Longinescu's  method  (/.  Cliim.  fhys.,  1903,  1,  296),  and  from  the 
cryoscopic  observations  of  Freundler  (Bull.  Soc.  chim.,  1895,  [iii], 
13,  1055). 

Other  methods  of  testing  the  molecular  complexity  in  the  liquid 
state  are,  however,  not  in  favour  of  the  idea  that  dissociation  occurs. 
Walden  {loc.  cit.),  using  a  formula  which  he  had  found  to  be 
generally  valid  for  non-associated  liquids,  showed  that  a  number  of 
the  substances  having  high  values  of  the  Ramsay  and  Shields' 
constant  did  not  differ  from  the  well-recognised  normal  substances ; 
whilst  Kurbatoff  and  "Eliseeff  (./.  Ems.  Phys.  Chem.  Soc,  1909,  41, 
1422)  have  pointed  out  that  the  esters  examined  by  Homfray  and 
Guye  are  normal  according  to  the  values  of  Trouton's  constant 
which  they  possess. 

Evidence  of  dissociation  in  the  liquid  state  should  be  revealed, 
perhaps  to  a  less  extent,  in  solution,  and  the  dissociation  should 
increase  with  the  concentration.  We  have,  accordingly,  determined 
the  molecular  weights,  in  benzene  solution,  of  the  amyl-  and  benzyl- 
amines.     In  the  tables,  the  association  factor,  x,  =  -^ — ~ ^^ 

M.\V.  (calc.)' 


Molecular  Weights  in  Benzene  Solution. 


isoAmylamine  (M.W.  =87'1) 
Solvent:  15  "03  grams. 
IT  (grams).        A°.     M.W.  (obs.). 
0-2916         1-091  88-9         1 

0-5253         1-753  99*7         1 

0-9932        3-205         103-1 
1-375  4-395         104-1 


1-022 
1-146 
1-185 
1-196 


Benzylamine  (M.W.  =  107-1). 

Solvent:  16  06  grams. 

0-5562  1-568  1104  103 

0-7489  2-055  113-5  106 

1-348  3-485  1224  114 

1-497  3-792  1229  1-15 


Triamylamine  (M.W.  =227-3). 
Solvent:  14  83  grams. 


«7  (grams\ 
0-2912 
0-5592 
1-035 
1-293 


A°.     M.W.  (obs.). 
0-337       ^19-2 
0  833         226-3 
1-495         233-3 
1-858         234-7 


0-97 
1-00 
1-03 
1034 


DibeToylamine  (M.W.  =197-1). 

Solvent  :  14*88  grams. 

0-1395  0  253  1853  094 

0-4995  0  871  1927  0*98 

1187  2-021  197-3  I'OO 

1-490  2-536  197-4  100 


Tribenzylamine  (M.W.  =287-2). 
Solvent:  15-23  grams. 
Tc  (grams).  A°.  M.W.  (obs.). 

0-3406  0-402  278  3 

0-7660  0-926  2713 

1-173  1-406  273  8 

1-534  1-861  270  7 


X. 

0-97 
0-95 
0-95 
0-94 


Our  results  afford  further  evidence  that  the  primary  amines  are 
associated,  but  there  is  no  evidence  of  any  dissociation  of  triamyl- 
amine or  dibenzylamine.  The  results  with  tribenzylamine  are  low, 
but  in  no  way  commensurate  with  the  apparent  dissociation  in  the 
fused  state. 
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As  a  final  test,  we  plotted  the  values  of  molecular  surface  energy 
against  the  temperature  for  triamylamine,  dibenzyl-  and  tribenzyl- 
amine,  since  Dutoit  and  Friderich  (loc.  cit.)  found  that  the 
coefficient  of  the  molecular  surface  energy  of  the  normal  liquids 
which  they  examined  was  independent  of  the  temperature.  The 
following  values  were  used : 

Triamylamine,  1060-7;  10298;  982-1;  935-0;  887-0. 
Dibenzylamine,  1353-0;  1324-0;  1280*2;  1257-7;  1190-5. 
Tribenzylamine,  1460-0;  1425-8;  1372-0;  1318-4. 

The  temperatures  are  given  in  the  tables  (pp.  2073,  2074).  In 
each  case,  the  straight  line  joining  the  end-points  passed,  almost 
perfectly,  through  all  the  points. 

We  must  conclude  therefore  that  the  abnormal  results  under 
discussion  are  due  to  the  non-validity  of  the  Ramsay  and  Shields' 
formula. 

The  Nitrosoamines  and  the  Nitriles. 

As  in  the  nitro-compounds,  so  also  in  the  nitroso-compounds  here 
examined,  association  occurs  only  in  the  aliphatic  series.  The  cause 
of  association  is  to  be  connected  with  the  nitroso-group,  since  the 
secondary  and  tertiary  amines  are  non-associated. 

The  tendency  of  the  nitriles  to  associate  is  also  only  marked  in 
the  aliphatic  series.  Benzonitrile  has  a  slight  tendency  to 
association,  ^nd  the  property  is  exhibited  distinctly  by  w-toluonitrile. 
The  other  aromatic  nitriles,  save  mandelonitrile,  which  is  associated, 
exhibit  abnormally  high  values  of  k. 

It  will  not  escape  notice  that  the  introduction  of  a  hydroxy! 
group  into  the  substance  considerably  raises  the  association,  as  in 
lactonitrile  and  mandelonitrile  (see  also  lactamide). 

The  Amides. 

The  amides  in  the  liquid  state  are  very  strongly  associated,  and, 
unlike  the  nitriles,  nitro-  and  nitroso-compounds,  this  association 
extends  to  the  aromatic  as  well  as  to  the  aliphatic  compounds. 
Indeed,  the  extent  of  association  in  benzamide  and  salicylamide  is 
striking. 

From  the  following  table  of  association  factors,  it  will  bo  seen 
that  the  extent  of  association  is  roughly  of  the  same  order  as  that 
existing  in  the  hydroxyl-containing  substances — the  organic  acids 
and  the  alcohols.  The  data  for  the  acids,  alcohols,  water,  and 
phenol  are  taken  from  the  papers  of  Ramsay  and  Shields  {loc.  cit.) 
and  Ramsay  and  Aston   (Trans.,   1894,  65,   168).     Since  data  at 
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exactly   comparable    temperatvires    are    not    available,  the  actual 
temperatures  are  quoted : 


H,0          (20—30=) 

3-81 

CHs'OH   (16—46°) 

3-43 

H-COjH       (16-46=) 

8-61 

C^Hj-OH  (16—46") 

2-74 

CHj'COoH   (16—46°) 

3-62 

CsH-'OH  (16—46=) 

2-25 

CoHs-COaH  (16—46=) 

1-77 

CgHs'OH  (46-78°) 

1-43 

H-CO-NHa 

(  20- 

-  30°)          6-18 

CHs-CO-XH, 

(  85- 

-  95°)          2-47 

C^Hs-CO-NHa 

(  80- 

-  90=)          2-06 

CgHs-CO-NH, 

(130- 

-140=)          2-70 

The  outstanding  feature  of  the  results  recorded  is  undoubtedly 
the  high  associative  power  exhibited  by  formamide.  Walden 
(Zeitsch.  physikal.  Chem.,  1906,  54,  180)  expressed  the  belief  that 
this  substance  is  strongly  associated,  but  made  no  measurement  of 
its  complexity  save  in  aqueous  solution,  in  vrhich  it  possessed  the 
normal  molecular  weight.  Again  (Proc.  Faraday  Soc,  1910,  156), 
he  states  that  "  formamide  appears  to  reproduce  nearly  all  the 
valuable  qualities  of  water."  Save  certain  fused  salts  and  sulphuric 
acid,  formamide  is  more  strongly  associated  than  any  ^her  Liquid 
yet  examined.  Its  molecular  complexity,  however,  decreases  rapidly 
with  rise  of  temperature.  Between  20°  and  75°,  its  complexity  drops 
from  6'18  to  334,  whilst  that  of  water  falls  only  from  3'44  to  2'9, 

We  suggested  (Proc,  1910,  26,  128)  that  the  solvent  power  of 
formamide  for  salts  is  connected  with  its  high  molecular  complexity. 
Acetamide  has  also  been  found  a  solvent  for  salts  (Walker  and 
Johnson,  Trans.,  1905,  88,  1597;  Menschutkin,  /.  Russ.  Phys. 
Chem.  Soc,  1908,  40,  1415).  Formamide  and  acetamide  can  also, 
like  water,  produce  hydrolysis  of  antimony  trichloride  (Bruni  and 
Manuelli,  Zeitsch.  Elektrochem.,  1905,  11,  554). 

Passing  to  the  anilides  and  urethanes,  we  note  that  association 
is  diminished  by  substitution  of  hydrogen  in  the  amido-group.  The 
result  with  acetanilide  was  unexpected.  The  measurements  of 
Auwers,  of  Beckmann,  and  of  Meldrum  and  Turner,  made  on 
solutions  of  the  anilides,  show  clearly  that  acetanilide  is  distinctly 
more  associated  than  formanilide.  Quite  a  different  result  is 
obtained  on  comparing  the  two  substances  in  the  liquid  state. 

The  question  whether  the  tervalent  nitrogen  atom  is  responsible 
for  the  association  in  the  amides  can,  we  believe,  be  regarded  as 
answered  in  the  negative.  Methyl-  and  ethyl-acetanilide  are  non- 
associated,  as  also  are  secondary  and  tertiary  amines,  in  all  of  which 
a  tervalent  nitrogen  atom  is  still  present.  It  is  also  obvious,  from 
the  results  with  methyl-  and  ethyl-acetanilide,  that  the  oxygen 
atom  does  not  bring  about  association  (compare  Meldrum  and 
Turner,  1910,  97,  1616),  a  conclusion  in  agreement  with  what  is 
already  known  concerning  esters,  acid  anhydrides,  and  ether. 
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Whatever  tlie  properties  of  chemical  combination  possessed  by 
the  nitrogen  or  oxygen  atom,  it  appears  clear  that  they  cannot  be 
held  to  be  the  cause  of  molecular  association,  and,  in  most  cases, 
perhaps  in  all,  association  only  occurs  when  these  elements  are 
present  in  distinct  electronegative  groups. 

In  the  case  of  the  amides,  it  appears  that  association  is  only 
possible  when  hydrogen  is  still  present  in  the  amide  group.  The 
power  of  molecular  association  disappears  only  when  the  hydrogen 
is  eliminated  from  this  group.  Formamide  and  acetamide,  also, 
like  the  hydroxylic  substances  methyl  and  ethyl  alcohols,  ethylene 
glycol,  and  glycerol,  can  combine  with  salts  in  the  same  way  as 
water  enters  into  union  as  water  of  crystallisation  (Titherley,  Trans., 
1901,  79,  413;  Walker  and  Johnson,  loc.  cit. ;  Menschutkin,  /.  Russ. 
Phr/s.  Chem.  Soc,  1906,  38,  1010;  Griin  and  Bockisch,  Ber.,  1908, 
41,  3465;  Rohler,  Zeitsch.  Elektrochem.,  1910,  16,  419). 

Such  facts  as  these  might  be  used  as  evidence  in  favour  of  the 
hydroxylic  constitution  of  the  amides.  But  the  arguments  against 
this  theory  are  very  weighty  (Meldrum  and  Turner,  Trans.,  1908, 
93,  890),  ttnd  we  have  to  remember  that  not  only  do  water  and 
formamide  possess  like  properties,  but  liquid  ammonia,  an  associated 
liquid,  closely  resembles  water,  can  produce  hydrolysis  (ammonolysis, 
Franklin,  /.  Amei-.  Chem.  Soc,  1905,  27,  820),  and,  like  water,  can 
combine  with  salts. 

It  is  difficult  to  locate  the  exact  cause  of  the  association  in  the 
amides.  The  apparent  connexion  between  association  and  power 
of  producing  hydrolysis  indicates  another  method  by  which  the 
cause  of  association  in  the  amides  might  conceivably  be  tested.  If, 
in  water,  for  example,  the  hydroxyl  group  is  responsible  both  for 
the  association  produced  and  also  for  the  hydrolysing  power  of 
water,  then  we  might  assume  that  the  group  in  the  amides  which 
produces  hydrolysis  is  also  the  cause  of  association.  Bruni  and 
Manuelli  {loc.  cit.)  have  found  that  when  antimony  trichloride  is 
hydrolysed  by  formamide  or  acetamide,  the  entering  group,  which 
is  equivalent  to  one  chlorine  atom,  and  therefore  to  the  hydroxyl 
group,  is  R'CO'NH.  Evidence  of  the  nature  of  the  action,  if  any, 
of  the  anilides  and  urethanes  is  desirable  in  this  connexion. 

Finally,  our  results  bear  out  the  general  connexion  between  the 
degree  of  association  and  the  dielectric  constant  of  a  liquid.  Quite 
recently,  Walden  {Zeitsch.  physikal.  Chem.,  1910,  70,  569)  has 
pointed  out  that  all  substances  with  high  dielectric  constants  possess 
certain  electronegative  groups,  as  OH,  NOg,  CO,  CN,  NHg,  etc. 
Such  groups  we  know  to  be  present  in  those  carbon  compounds 
which  exhibit  association,  and  we  should  expect  to  find  the  dielectric 
constant  and  the  degree  of  association  run  parallel.     In  the  papers 
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already  referred  to,  Walden  has  made  comparison  of  the  two 
properties.  "We  quote  the  following  values  of  the  dielectric  constant, 
in  connexion  with  the  fresh  data  brought  forward  in  this  com- 
munication:  Formamide  (20°),  >84 ;  acetamide  (83°),  59'2;  di- 
methylnitrosoamine  (20°),  533;  lactonitrile  (20°),  37*7;  formanilide 
(liquid),  205;  acetanilide  (liquid),  19o;  phenylacetonitrile  (21-5°), 
18-2. 

These  numbers,  and  the  more  extensive  comparisons  by  "Walden, 
show  that  it  is  generally  true  that  associated  substances  have  high 
dielectric  constants.  The  converse  is  by  no  means  true,  although, 
as  may  be  seen,  the  subst-ances  of  highest  dielectric  constant  are 
those  which  have  the  highest  association  factors. 

As  regards  dimethylnitrosoamine,  it  is  quite  possible,  bearing  in 
mind  the  abnormal  results  obtained  with  secondary  and  tertiary 
amines,  that  its  degree  of  association  is  greater  than  our  measure- 
ments reveal. 

The  connexion  between  the  dielectric  constant  and  the  degree  of 
association,  although  at  best  approximate,  leads  us,  when  taken  in 
conjunction  with  the  fact  that  the  elements  nitrogen  and  oxygen 
with  unsaturated  valencies  do  not  appear  of  themselves  to  cause 
molecular  association,  to  the  conclusion  that  association  in  liquids 
is  due  to  electrical  rather  than,  as  supposed  by  Guye  and  Baud 
(Com'pt.  rend.,  1901,  132,  1555),  to  chemical  forces. 

The  cost  of  the  materials  used  in  this  work  was  in  part  defrayed 
by  a  grant  from  the  Research  Fund  Committee  of  the  Chemical 
Society,  for  which  we  desire  to  express  our  best  thanks. 

Chemistry  Departmknt, 
The  Univebsitt,  SHsrFisLD. 


CCXIX. — The  Dynamics  of  the  Decomposition  of  Per- 
sulphuric  Acid  and  its  Suits  in  Aqueous  Solution. 

By  Leila  Green  and  Orme  Masson. 

Levi  and  Migliorini  (Gazzetta,  1906,  36,  ii,  599)  have  shown 
that  potassium  and  sodium  persulphates  decompose  in  aqueous 
solution  unimolecularly,  and  that  the  action  is  much  accelerated 
by  the  addition  of  acids.  Our  own  experiments  confirm  both  of 
these  results.  It  is,  however,  somewhat  difficult  to  reconcile  them 
with  one  another,  for  the  action  itself  produces  acid  sulphate,  and 
can,  indeed,  be  followed  throughout  its  course  by  the  increasing 
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acidity,  so  that  the  curve  should  exhibit  the  features  of  an  auto- 
accelerated,  rather  than  those  of  an  unmodified,  unimolecular  action. 
The  difficulty,  however,  disappears  if  the  acid  sulphate  product  be 
assumed  to  ionise  only  into  metal  and  HS'O^',  and  to  provide  prac- 
tically no  H*  ions,  or  if,  in  other  words,  sulphuric  acid  be  regarded 
as  a  monobasic  acid  under  the  conditions  of  the  experiments.  The 
action  may  then  be  formulated  by  the  equation : 

which  makes  it  strictly  unimolecular  in  form.  On  general  grounds 
the  assumption  may  be  objected  to,  but  it  does  not  appear  possible 
to  explain  without  it  the  behaviour  of  persulphuric  acid  and  its 
salts,  and  it  will  be  shown  that  one  can,  by  its  aid,  co-ordinate  the 
various  results  obtained  with  the  acid,  its  potassium  and  sodium 
salts,  its  barium  salt,  and  mixtures  of  these  with  each  other,  with 
other  salts,  and  with  acids.  One  or  two  unexplained  difficulties 
remain,  which  will  be  dealt  with  in  the  sequel. 

The  persulphate  solutions  employed  by  us  were  obtained  from 
solutions  of  the  barium  salt,  prepared  from  commercial  ammonium 
persulphate  by  treatment  with  excess  of  barium  hydroxide  in  a 
vacuum  and  subsequent  neutralisation  with  dilute  sulphuric  acid. 

The  initial  strength  of  each  persulphate  solution  was  determined 
by  measuring  the  final  acidity  produced  by  boiling  a  measured 
volume,  the  titrations  being  carried  out  with  standard  sodium 
hydroxide,  using  methyl-orange  as  indicator.  Comparative  tests 
were  made  in  some  cases  by  the  ferrous  sulphate  and  permanganate 
method,  and  also  by  gravimetric  determinations  of  the  metal  as 
sulphate.  The  results  in  all  cases  agreed  fairly  well,  but  the 
acidimetric  method  was  found  to  be  the  most  accurate,  besides 
having  the  advantage  of  rapidity.  The  progress  of  the  decom- 
position in  each  experiment  was  also  followed  by  acidimetry.  In 
all  cases  the  temperature  of  the  thermostat  was  80'0°,  which  was 
found  to  give  a  convenient  rate  of  action,  except  in  the  experiments 
conducted  at  70°  and  90°  for  the  purpose  of  fixing  a  temperature- 
coefficient.  The  solution  was  always  divide^  at  the  outset  into  a 
number  of  5  c.c.  samples,  and  these  were  heated  in  closed  tubes, 
according  to  the  method  described  in  a  previous  research  on  cyanates 
(Masson  and  Masson,  Zeitsch.  plii/sikal.  Chem.,  1910,  70,  290). 

The  persulphates  which  we  have  examined  may  be  divided,  for 
the  present  purpose,  into  three  classes.  The  first  contains  those  of 
sodium,  potassium,  and  ammonium,  which  are  neutral  salts  con- 
vertible into  soluble  acid  sulphates.  The  magnesium  salt  properly 
belongs  to  this  class,  but  differs  somewhat  in  its  behaviour  from 
the  other  members.  The  second  class  contains  persulphuric  acid 
itself,  which  doubles  its  acidity  by  conversion  into  sulphuric  acid. 
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The  third  class  contains  barium  persulphate,  which,  originally 
neutral,  produces  persulphuric  acid  and  insoluble  barium  sulphate. 
The  course  of  the  action  is  quite  different  in  each  of  these  classes, 
and  they  therefore  require  separate  consideration. 

In  the  sequel  we  have  thought  it  desirable  to  economise  space  by 
suppressing  most  of  the  numerical  details  of  our  work,  and  have 
therefore  given  only  the  essential  results,  except  where  fuller  treat- 
ment appeared  necessary. 

Class  I. — Neutral  PersiUphates  which  form  Soluble  Acid  Sulphates. 

These  cases  conform  to  the  equation  for  simple  unimolecular 
action : 

g  =  i,(^-a.),ori.=_i^log4^., 

where  A  is  the  initial  concentration  of  persulphate,  and  A—x  is  its 
value  at  any  subsequent  time,  t.  To  avoid  some  slight  uncertainty 
d\ie  to  the  time  required  to  raise  the  tubes  to  the  bath  temperature, 
the  time  at  which  the  first  sample  was  taken  from  the  bath  was 
selected,  rather  than  the  moment  of  immersion,  as  t^.  The  values 
of  A'l  given  in  table  I  are  averages  calculated  in  each  case  from 
several  points  in  a  curve  covering  nearly  the  whole  course  of  the 
action.  Separate  values  in  any  one  experiment  were  found  to  agree 
well.  It  is  evident  that  A-^  is  but  slightly  dependent  on  the  initial 
concentration,  or  even  on  the  nature  of  the  metallic  radicle. 

In  this  and  subsequent  tables,  the  concentrations  are  expressed  in 
gram-molecules  of  persulphate  per  litre,  and  the  times  are  measured 
in  minutes: 

Table  I. 

Salt.                         A.  ky 

NaaSjOg    0-226  0-00641 

NajSjOs    0125  0  00.^77 

Na^SgOg    0127  000533 

KjS^Og 0-108  0-00546 

(NHJ^jOg  0-229  00061 

The  curve  for  the  ammonium  salt  showed  rather  more  irregularity 
than  the  others,  and  its  mean  velocity-coeflBcient  was,  as  shown, 
perceptibly  higher.  This  is  perhaps  explained  by  the  formation  of 
traces  of  nitric  acid  by  oxidation,  with  consequent  acceleration,  but 
the  divergence  from  the  normal  course  is  only  slight. 

Experiments  with  sodium  persulphate  solution  containing  added 
sodium  nitrate  (selected  as  a  typical  neutral  salt  of  the  same  metal) 
have  proved  that  the  only  effect  of  such  addition  is  to  raise  slightly 
the  unimolecular  constant.  Thus,  in  a  test  with  01283-sodium  per- 
sulphate and  0'25-sodiura  nitrate  solution,  with  twelve  experimental 
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jDoints  covering  a  range  of  85  per  cent,  decomposition,  h^  was  found 
to  vary  irregularly  between  the  extreme  values  0"0062  and  0"0068, 
with  a  mean  value  of  00065.  On  the  other  hand,  it  will  be  shown 
that  acids  largely  accelerate  the  action,  and  the  special  influences  of 
added  sulphates  will  also  be  dealt  with  later. 

The  magnesium  salt,  in  contrast  to  those  of  the  alkali  metals, 
shows  distinctly  the  effect  of  auto-acceleration,  which,  in  this  case, 
is  probably  to  be  explained  by  the  formation  of  some  non-ionised 
magnesium  sulphate  and  free  hydrogen  ions,  according  to  the 
equation : 

Mg"-i-HS04'  ^  MgSO^-fH*. 
Thus,  in  an  experiment  in  which  the  initial  concentration  of 
magnesium  persulphate  was  0'2414,  the  unimolecular  coefficient, 
calculated  in  the  usual  way,  was  found  to  increase  steadily  from 
about  0'0055  (appreciably  equal  to  that  of  the  sodium  or  potassium 
salt)  at  the  start  to  0"0066  when  the  action  was  half  completed, 
and  0'0092  when  less  than  10  per  cent,  remained  undecomposed. 
A  similar,  but  much  more  pronounced,  auto-acceleration  will  be 
shown  to  occur  in  the  case  of  the  barium  salt,  where  the  precipitation 
of  the  insoluble  sulphate  necessarily  adds  hydrogen  ions  to  the 
solution.  But  the  case  of  persulphuric  acid  itself  must  be  discussed 
first. 

Class  II. — Persulphuric  Acid. 

In  this  case  the  curves  obtained  are  again  of  the  simple  uni- 
molecular form,  with  no  sign  of  acceleration  by  increase  of  hydrogen 
ions ;  but  it  differs  in  two  respects  from  that  of  the  persulphates  of 
the  alkali  metals.  In  the  first  place,  the  velocity  is  considerably 
greater,  and,  in  the  second  place,  the  value  of  its  coefficient  is 
dependent  on  the  initial  concentration,  so  as  to  vary  in  different 
experiments  while  constant  in  any  one.  These  facts  are  in 
accordance  with  the  hypothesis  already  put  forward,  that  the  action 
proceeds  practically  according  to  the  equation : 
S208''  +  H20  =  2HSO/-i-|02, 
and  that  it  is  accelerated  by  the  hydrogen  ions  which  are  initially 
present  and  remain  unchanged  in  concentration.  Such  a  hypothesis 
leads  to  the  differential  equation : 

^^={k,  +  kA){A-x\ 

where  k^-^^kA  is  necessarily  a  constant  {K)  in  any  given  experiment, 
and 

A  simple  explanation  suggests  itself  for  this  accelerative  action 
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of  hydrogen  ions.  It  may  be  assumed  that,  at  the  dilutions 
employed,  the  great  bulk  of  the  persulphuric  acid  is  completely 
ionised  into  2H*  and  SoO^'',  while  a  small  proportion  is  converted 
into  H'  and  HS^Og'.  If  this  proportion  be  small  enough,  the 
total  H*  concentration  may  be  taken  as  constant  and  equal  to  2.4, 
whilst  that  of  the  SjOg''  is  appreciably  equal  to  A—x,  and  that  of 
the  HS-^Og'  itself  is  therefore  proportional  to  A(A  —x).  If,  further, 
the  HSnOg'  has  a  sufficiently  high  rate  of  reaction  as  compared  with 
the  SoOg",  it  will  make  itself  felt  in  spite  of  its  small  concentration, 
and  the  total  velocity  of  the  action  will  be  the  sum  of  two  velocities, 
k.J^A  —  x)  and  kA  (J.  —  x),  in  accordance  with  the  equation  already 
given. 

By  comparison  of  experiments  with  different  A  values,  it  is  easy 
to  evaluate  ^"2  and  k;  and  it  has  been  found  in  this  way  that 
^•2  =  0"010  and  ^  =  01 63.  These  figures  are  illustrated  by  a  com- 
parison of  the  found  and  calculated  velocity  coefficients  in  table  II. 
The  fact  that  k2  is  nearly  twice  as  great  as  the  k^  of  sodium  or 
potassium  persulphate  is  difficult  to  explain  on  any  hypothesis,  for 
it  implies  some  influence  of  the  hydrogen  ions  other  than  that 
represented  hj  the  term  kA  (.4  —  x)  and  independent  of  their  con- 
centration. It  is  a  fact,  however,  that,  whilst  dx / dt  =  0'00oo(A  —x) 
holds  for  the  sodium  and  potassium  salts,  the  equation  for  per- 
sulphuric acid  is 

^  =  (0-010  +  0163i!)(4-a:)  =  r(^-a;). 


Table  U. 

Persulphuric  Acid. 

A. 

K  (found). 

K  (calculated). 

0-2566 

0-0527 

0  0518 

0-1251 

0  0304 

0  0304 

01237 

0-0302 

0-0302 

0  0923 

0-0258 

0-0250 

0-0644 

00210 

0-0205 

0-0416 

0-0184 

0-0168 

The  solutions  used  in  the  first,  third,  and  fourth  of  these  tests 
were  prepared  from  barium  persulphate  by  adding  the  calculated 
quantity  of  sulphuric  acid,  and  were  filtered  from  the  barium 
sulphate;  while  those  used  in  the  second,  fifth,  and  sixth  were 
obtained  by  allowing  barium  persulphate  solution  to  decompose 
automatically  at  80°,  and  contained  the  precipitated  sulphate  in 
suspension.     These  cases  will  be  discussed  later. 
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Fersulphuric  Acid  with  Added  Nitric  Acid. 

In  this  case  there  is  a  permanent  increase  of  the  hydrogen  ions, 
and,  if  the  initial  concentrations  of  the  two  acids  (both  reckoned  as 
dibasic,  that  is,  as  H2S20g  and  H2N20g)  be  respectively  A  and  B, 
the  course  of  the  action  should  be  expressed  by  the  equation : 

'^^  =  {k,  +  k{A  +  B)}{A-x), 

where  ^2  +  ^(^  +  ^)  appears  as  a  unimotecular  constant  in  any  given 
experiment,  and 

K=k,  +  k{A+£)  =  ~\og^^. 

This  was  confirmed  by  the  experiments  summarised  in  table  III. 
The  first  of  these  tests  was  made  with  an  original  mixture  of 
persulphuric  acid  and  nitric  acid,  while  the  other  three  were  the 
later  parts  of  experiments,  in  which  barium  persulphate,  mixed 
with  nitric  acid,  was  allowed  to  decompose  at  80°  until  there 
remained  only  persulphuric  acid  and  nitric  acid  in  solution,  and 
the  subsequent  decomposition  was  then  studied.  These  tests  will  be 
referred  to  later.  The  figures  in  the  last  column  of  the  table  show 
the  value  which  K  would  have  if  the  nitric  acid  were  absent 
(compare  table  II),  and  are  given  to  indicate  clearly  its  effect. 

Table  III. 
Persulphuric  Acid  with  Added  Nitric  Acid. 


A. 

B. 

K  (found). 

K  (calculated). 

K  (original). 

0-1248 

0-1242 

0-0500 

0-0506 

0-0304 

0-0636 

0-1845 

0-0508 

0  0504 

0-0204 

0-0628 

0-1255 

0-0414 

0-0407 

00202 

0-0630 

0-0634 

0-0315 

0-0306 

0-0203 

Mixed  Persulphuric  Acid  and  Sodium  Persulphate. 

The  theory  for  such  a  case  may  be  given  on  the  assumption  that 
the  ki  and  k^  constants  are  active  approximately  in  proportion  to 
the  unchanging  relative  quantities  of  Na'  and  H*,  and  that  the  latter 
also  contributes  its  special  accelerative  effect.  Thus,  if  the  initial 
HgSgOg  be  A ,  and  the  initial  Na2S20g  be  B,  whilst  x  represents  the 
total  SgOg  destroyed,  A  and  B  will  also  represent  at  any  time  tho 
(H')2  and  the  (Na*)2  respectively,  and 
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In  any  given  experiment  therefore  a  unimolecular  constant 
should  be  obtained,  and 

^A+B      M  +  5  t^~t^   ^  A+B-x^ 

In  one  test,  in  which  J.=0128o  and  5  =  01234,  a  mean  value 
of  0'0276  was  found  for  K  in  place  of  the  calculated  value  00288. 
In  another,  in  which  .4=00625  and  5  =  0' 1250,  the  found  and 
calculated  values  were  respectively  00183  and  0'0172.  The  agree- 
ment is  thus  fairly  satisfactory  in  both  cases. 

Persulphuric  Acid  with  Added  Sodium  Nitrate. 

This  case  is  similar  to  the  last,  except  that,  the  permanent  con- 
centrations of  the  (H*)2  and  (Na*)2  being  respectively  A  and  B,  that 
of  the  SoOg"  at  any  time  is  J.  —  a;  instead  ot  A  +  B  —  x.  The  constant 
is  here  therefore 

K=  k.-^  +  h,  -?_  +  kA=  -JLlog/jI^. 
^A  +  B     ^A+B  t^'t^    ^  A  - Xj 

In  the  only  test  carried  out,  4=01377  and  5  =  00625,  giving 
the  calculated  value  of  the  constant  as  0'0311.  The  mean  experi- 
mental value  was  0'0325,  which  is  identical  with  that  calculated 
on  the  assumption  that  the  sodium  nitrate  is  quite  without  effect. 
The  difference  is  in  any  case  too  small  to  be  significant,  but  it 
may  be  pointed  out  that  a  similar  discrepancy  was  exhibited  by 
the  mixture  of  sodium  persulphate  and  sodium  nitrate,  indicating 
that  the  latter  has  a  small  accelerative  effect,  not  included  in  the 
theory,  which  may,  in  the  present  case,  compensate  for  the  expected 
small  lowering  of  the  K  value. 

Class  III. — Barium  Persulphate. 

This  case  differs  from  the  others  in  the  precipitation  of  the 
product  barium  sulphate,  and  it  differs  also  in  the  form  of  the 
curve  in  which  x  is  plotted  against  t ;  for  this,  being  at  first  concave 
towards  the  x  axis,  at  once  points  to  strong  auto-acceleration.  The 
total  change  affecting  the  barium  salt  is  represented  by  the  equation  : 

2BaS208  +  HgO  =  HgSgOg  -f  2BaS04  + 1^2> 
and  it  must  occur  in  two  steps,  namely : 

(1)  S20/  +  H20  =  2HSO/-h^02, 

(2)  2Ba"-f-2HSO/  =  2BaSO<  +  2H*. 

The  first  of  these  is  a  relatively  slow  action,  and  the  second  keeps 
pace  with  it..  Thus  2Ba**  disappear  from  the  solution  for  one 
SjOg"  destroyed;  and  if  the  latter  be  x,  as  in  previous  cases,  it  is 
evident  that  x  also  represents  the  persulphuric  acid  (or  acidity) 
produced,  and  A  -  2x  represents  the  barium  persulphate  remaining. 

VOL,  xcvii.  G  X 
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This  holds  until  A  —  x  =  x  =  i^A,  when  the  precipitation  of  the 
barium  is  complete,  and  subsequent  action  is  concerned  only  with 
persulphuric  acid.  The  whole  action  may  thus  be  divided  into  two 
consecutive  stages,  the  characters  of  which  are  shown  in  the  follow- 
ing summary: 


Total  SgOg. 

BaSgOg. 

HiS^Oa. 

Form  of  curve. 

First  stage 

A-x 

A-2x 

X 

Autocatalytic 

Half-way  point 

x  =  iiA  =  A-x 

0 

M 

— 

Second  stage 

A-x 

0 

A-x 

Simple  unimolecular 

Three  of  the  six  experiments  with  persulphuric  acid  solutions 
summarised  in  table  II  were,  in  fact,  the  second  stages  of  experi- 
ments with  barium  persulphate,  which  will  now  be  dealt  with  in 
greater  detail.  Comparison  of  these  with  the  others  shows  that 
the  presence  of  precipitated  barium  sulphate  (since  there  was  no 
other  real  difference)  does  not  appreciably  affect  the  velocity  of 
persulphate  decomposition  by  any  kind  of  contact  catalysis.  A 
similar  conclusion  may  be  drawn  from  the  sodium  persulphate  solu- 
tions of  table  I,  one  of  which  (the  third)  was  mixed  with  the 
precipitate  beforehand  in  order  to  test  this  question.  It  may 
therefore  be  concluded  safely  that  the  formation  of  this  product 
has  no  such  direct  effect  on  the  decomposition  of  barium  persulphate 
itself  in  the  first  stage  of  the  action. 

In  table  II,  which  referred  only  to  persulphuric  acid,  A  and  x 
were  given  the  corresponding  significance,  and  were  equal  respec- 
tively to  ^A  and  x  —  ^A,  where  the  symbols  are  used  in  reference 
to  the  original  barium  persulphate  contents,  as  in  the  above 
summary.  But  they  must  now  be  used  in  this  latter  sense,  and 
the  equation  for  the  curve,  after  the  complete  precipitation  of  the 
barium,   must  be   written  dx/di  '^  {Jco  +  kA/2){A  ~  x). 

Now,  since  the  whole  curve  is  continuous,  it  is  evident  that  the 
equation  for  the  first,  or  autocatalytic,  stage  must  be  such  as  to 
become  identical  with  that  just  given  at  the  half-way  point,  where 
x  —  ^A.  But  it  has  been  shown  already  that  the  7^2  of  persulphuric 
acid  and  the  h^  of  sodium  or  potassium  persulphates  have  very 
different  values,  so  that  it  might  fairly  be  expected  that  the 
constant  (Jc^  for  barium  persulphate  should  differ  from  Zrg,  and 
perhaps  also  from  k^.  Such  proves  to  be  the  case,  for 
it  can  be  shown  by  a  graphic  method  that  the  initial  velocity 
of  the  decomposition  of  the  pure  barium  salt  solution,  when 
it  is  as  yet  unmixed  with  persulphuric  acid  (when  x  —  Q), 
approximates  to  dx(dt  =  0-OQAOA.  We  thus  have  /t3  =  0*0040,  whilst 
A;i  =  00056  and  A;2  =  0'010,  and  the  catalytic  constant  A;  =  0"163.  It 
must  therefore  be  assumed  that,  in  any  mixture  of  two  of  these 
salts,  tite  appropriate  constants  will  be  operative  in  proportion  to 
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the  amounts  present,  and  that,  consequently,  the  equation  for  the 
first  stage  of  the  barium  persulphate  action  is : 

|H*3"^  +  *.^,  +  *-)(^-)- 

This  conforms  to  the  requirements,  for  the  contents  of  the  first 
bracket  are  equal  to  k^  at  the  starting  point,  where  x  =  0,  and  to 
k^  +  kAj^  at  the  half-way  point,  where  x  =  Aj2.  It  will  be  shown, 
also,  that  it  expresses  the  whole  of  the  experimental  results  with 
considerable  accuracy.  It  is,  perhaps,  not  superfluous  to  point 
out  that,  if  hydrogen  and  barium  persulphates  had  the  same  velocity 
constant  (if  ^•3  =  ^-2),  the  equation  would  be  the  ordinary  one 
expressing  an  autocatalysed  unimolecular  action,  for  it  would  then 
become  dxldt  =  (k^  +  kx){A  —  x). 

By  integration  of  the  above  differential  equation,  we  obtain  an 
equation  which  may  be  written  : 

where  M  and  N  are  constants  in  any  given  experiment,  but  vary 
with  the  initial  concentration,  and  have  the  values : 

Such  an  equation  is  of  but  little  use  for  theoretical  purposes  unless 
M  and  N  can  be  evaluated  by  independent  measurements  of  the 
fundamental  constants  from  which  they  are  derived;  but  we  are 
able  to  do  this  in  the  present  case,  having  found  already  ^-2  and  k 
from  the  study  of  persulphuric  acid,  and  ^3  from  the  initial  velocity 
of  pure  barium  persulphate  solutions.  We  are  thus  enabled  to 
compare  the  results  calculated  from  the  integrated  equation  with 
those  obtained  by  experiment. 

The  details  of  one  complete  experiment  with  initially  neutral 
barium  persulphate  solution  are  shown  in  table  IV.  The  values 
of  M  and  N,  given  at  the  head  of  the  table,  were  calculated  from 
those  of  A,  k,  k^,  and  k^;  and  the  theory  of  the  first  stage  of  the 

action  may  be  tested  by  th6  constancy  of  --\oSu,  —^^  at  different 

■^  ^  ^       t    ^^\\{At-x) 

values  of  t,  and  also  by  its  agreement  with  the  calculated 
value  of  0-4343A;(Jf +  3').  Also  the  time  is  noted  (as  read  from 
the  curve)  at  which  x  =  \A,  that  is,  the  time  of  the  complete  pre- 
cipitation of  the  barium  sulphate.  The  simple  unimolecular 
character  of  the  decomposition  of  the  persulphuric  acid  in  the  second 

6x2 
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stage  is  shown  by  the  practical  constancy  of  the  normal  logarithmic 
function,  calculated  from  the  observed  values  of  x  and  t,  and  the 
theory  of  its  dependence  on  ^  by  a  comparison  of  its  mean  value 
with  that  of  Tt^-^hAl'l  (compare  table  II). 

Table  IV. 

BaHum  Peisul'phate.     A  —  0'2502. 

First  Stage,     il/"  ==  0*2840,  iV^  =  0-0216. 

10°  0-0131  0-0226 

25  0-0398  0-0208 

35  0-0663  0-0207 

45  0-0974  0-0205 

50  0-1160  0  0206 

Mean  constant  found  =  00210. 

Calculated  value  of  0-4343  k{M+N)  =  0-0216. 

Second  Stage,  after  complete  precipitation  of  Ba  at  ^  =  52-5°. 

4  1/t     an:        ^-0-1558 

t.  X.  l/t-60  logio 

A-x 

60° 

70 

85 

100 

115 

135 

155 

Mean  constan 

Calculated  value  of  0-4343(^2 +  ;fc^/2)    =  0-0132. 

The  details  of  two  tests  with  smaller  concentrations  of  barium 
persulphate  may  be  given  more  briefly.  In  one  of  these  the  value 
of  A  was  0-1288,  whence  0-4343^(il/  +  i\^)  =  00128  by  calculation, 
and  during  the  first  stage   of  the  action   (sixty-five  minutes)   the 

values    found    for  -logiQ^^^"'"^j  ranged  from  O'OISO    to     0-0134 

(mean  =  00132).  During  the  second  stage  of  the  same  experiment, 
the  mean  unimolecular  constant  found  was  0'0091  in  place  of  the 
calculated  value  0-0089.  In  the  other  case,  A  was  00832,  whence 
0-4343A;(il/'  +  iV)  =  0-0093,  and  the  constant  found  during  the  first 
stage  (seventy  minutes)  ranged  from  O'OIOS  to  00112  (mean, 
0-0109),  while  the  calculated  and  found  unimolecular  constants  of 
the  second  stage  were  00073  and  00080.  In  this  case  therefore 
the  numerical  agreement  was  not  quite  so  good  as  in  those  of  the 
stronger  solutions. 

It  seems  worth  while  to  call  attention  here  to  a  striking  contrast 


0-1558 

— 

0-1796 

00126 

0-2068 

0-0135 

0-2221 

0-0132 

0-2336 

0  0137 

0-2411 

0-0135 

0-2441 

00125 

nd 

=  00132. 
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between  the  persulphate  case  and  that  of  the  decomposition  of 
cyanat€s  in  aqueous  solution,  which  in  some  respects  is  very  similar 
(Masson  and  Masson,  loc.  cit.).  Barium  cyanate,  which  precipitates 
barium  carbonate,  gives  a  simple  unimolecular  curve,  whilst  the 
cyanates  of  sodium  and  potassium,  which  yield  soluble  ammonium 
carbonate,  give  strongly  auto-accelerated  unimolecular  curves. 
Barium  persulphate,  which  precipitates  barium  sulphate,  gives 
strongly  auto-accelerated  unimolecular  curves,  whilst  the  per- 
sulphates  of  sodium  and  potassium,  which  yield  soluble  acid 
sulphates,  give  simple  unimolecular  curves.  In  the  former  case,  it 
was  proved  that  ammonium  carbonate  accelerates  the  action,  whilst 
in  the  latter  case  soluble  acid  sulphates  have  no  such  influence,  but 
their  hydrogen  ions  have,  when  liberated  by  the  precipitation  of 
insoluble  sulphate. 

Mixed  Barium,  Perstdphafe   and  Barium  Nitrate. 

If  the  latter  be  added  in  quantity  equivalent  to  the  former  (or 
more),  the  barium  ions  cannot  become  exhausted  by  precipitation  as 
barivim  sulphate  so  long  as  persulphate  ions  remain,  and  the  whole 
action  can  be  written  : 

BaS20g  +  BaNoOg  +  H2O  =  2BaS04  +  2HNO3  +  lOj. 
The  action  therefore  does  not  divide  into  two  distinct  stages  as  in 
the  case  of  initially  pure  barium  persulphate,  but  is  marked 
throughout  its  course  by  continuous  precipitation  and  increase  of 
hydrogen  ion  concentration.  Hence  the  auto-catalytic  character 
must  be  also  continuous,  and  this  is  found  to  be  the  case. 

If  A  represent  the  initial  concentration  of  the  barium  persulphate 
and  B  that  of  the  barium  nitrate,  the  composition  of  the  solution 
at  any  subsequent  time  is  such  that  it  contains  barium  and  hydrogen 
persulphates  and  nitrates  with  the  following  concentrations: 
S208"  =  .4-a:,  (N03')2  =  5,  Bai"  =  A+B-2x,  and  (H\  =  x.  The 
total  cations  or  anions  (considered  as  bivalent)  are  thus  always 
equal  to  A  +  B  —  x. 

If,  as  in  the  case  of  initially  pure  barium  persulphate,  it  be 
assumed  that  the  barium  and  hydrogen  ions  are  operative  in  pr> 
portion  to  their  relative  concentrations,  while  the  latter  also  produce 
their  special  catalytic  effect,  we  have  the  following  differential 
equation  to  express  the  course  of  the  action : 

dx     ,,  A  +  B-2x  ,  ,  X         .  1   \i  A       \ 

which,  by  integration,  gives : 
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where  M  and  N  are  constants  in  any  given  experiment,  and  have 
the  values : 


N 


A  +  B    kc^-2k^ 
2  2/fc 


A  +  B    h^-2h 
2  2k 


2  2k 

An  obvious  simplification  of  the  formula  results  where,  as  in  the 
actual  experiment  (table  V),  the  barium  persulphate  and  nitrate  are 
given  the  same  initial  concentration,  or  B  =  A.  The  values  of 
M  and  N  given  at  the  head  of  the  table  were  calculated  from  that 
of  A  and  those  of  h^,  k^,  and  k,  as  already  determined.  In  the  third 
column  are  given  the  found  values  of  the  constant : 

j^_lfN'+2A,       Ail+x)     M-2A,       A{M-x)] 

which  may  be  compared  with  each  other  as  to  constancy  and  also 
with  the  calculated  value  of  O'iSASk^M  +  N),  given  at  the  end  of 
the  table.     The  agreement  is  fairly  satisfactory. 

Table  V. 

Banum  Persulphate  and  Barium  Nitrate  in  E quimolecular  Mixture. 

5  =  ^=0-1253.     iW  =  0-2845.     i\^  =  0-0217. 


t. 

10° 

20 

80 

45 

60 

70 

75 

90 

105 

120 

135 

160 

196 


X. 

•0062 
•0147 
•0223 
•0355 
•0457 
•0577 
•0643 
•0791 
•0926 
•1019 
•1105 
•1200 
1286 


K. 

0240 

•0255 

•0239 

0228 

•0208 

•0229 

•0219 

•0220 

•0223 

•0220 

•0223 

•0238 

•0238 


Mean  value  of  ^  found    =  0  0229. 

Calculated  value  oiO-AUik{M+N)  =  0-0217. 

Barium  Persulphate  with  Added  Nitric  Acid. 

Here,  as  in  the  case  of  pure  barium  persulphate,  the  action  may 
be  expected  to  divide  itself  into  two  stages,  since  the  barium  must  be 
totally  precipitated  when  x  =  A—x  =  \A.  It  B  stand  for  the  added 
nitric  acid  (reckoned  as  dibasic)  or  for  the  initial  (H*)2,  the 
quantity  of  the  latter  must  steadily  increase  by  production  of 
persulphuric  acid  during  the  first  stage,  where  its  value  is  B  +  x; 
but  from  the  middle  point  onwards  through  the  secoud  stage  it 
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must  retain  the  value  B  +  ^A.  As  in  the  simple  case,  the  Ba" 
must  have  the  value  A  —2cc  until  this  becomes  nil  at  the  middle 
point,  whilst  the  S-^Oq"  must  have  the  value  A—x  from  first  to  last. 
The  first  stage  should  therefore  show  an  autocatalytic  curve  merging 
into  the  simple  unimolecular  one  of  the  second  stage,  and  the 
respective  differential  equations  should  be : 

(11.)   ^^-{k,  +  k{B  +  iA)](A-x), 

which  are  identical  when  x  =  \A. 

These  equations,  indeed,  follow  logically  from  those  already  con- 
firmed for  the  case  of  a  mixture  of  barium  persulphate  and  barium 
nitrate,  for  it  is  obvious  that  such  a  mixture,  if  it  initially  contains 
excess  of  the  former  ingredient,  must,  at  a  certain  point  in  its 
history,  become  converted  into  a  solution  of  barium  persulphate  and 
nitric  acid,  and  subsequently  into  one  of  persulphuric  acid  and 
nitric  acid.  There  are  thus  three  distinct  stages  in  such  an  action, 
and  it  seems  an  unavoidable  conclusion  that  the  theory  which  is 
quantitatively  applicable  to  the  mixtures  of  the  first  stage  (table  V) 
and  also  to  those  of  the  third  (table  III)  must  apply  equally  well 
to  those  of  the  second.  Nevertheless,  it  has  been  found  in  a  series 
of  experiments  with  barium  persulphate  and  nitric  acid  in  different 
proportions  that  the  nitric  acid  produces  initially  only  about  half 
the  acceleration  indicated  in  equation  I,  although  it  gradually 
increases  its  effect  as  the  action  proceeds,  and  attains  full  value  as 
an  accelerator  when  the  barium  is  completely  precipitated,  after 
which  equation  II  holds  well.  Without  further  investigation,  it 
does  not  seem  possible  to  reconcile  these  observations. 


The  Influence  of  Sulphates,  Produced  or  Added. 

As  already  pointed  out,  sulphuric  acid  or  acid  sulphate  is  a 
necessary  product  of  the  decomposition  of  persulphuric  acid  or 
persulphates  of  the  sodium  class  of  metals,  and  yet  there  is  in  these 
cases  an  entire  absence  of  that  autocatalysis  which  is  so  marked  a 
feature  in  the  case  of  barium  persulphate,  where  the  growing 
acidity  is  due  to  persulphuric  acid  formed  by  the  precipitation  of 
barium  sulphate.  The  explanation  already  suggested  is  that  the 
negative  ions  produced  are  in  reality  HSO4'  (not  SO4"),  so  that 
there  is  no  appreciable  increase  in  the  concentration  of  H'  ions 
(the  true  accelerator)  unless  the  conditions  are  disturbed  by  pre- 
cipitation or,  to  a  smaller  extent,  by  the  process  mentioned  in  the 
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case  of  the  magnesium  salt.  Briefly,  the  hypothesis  is  that 
sulphuric  acid  acts  practically  as  a  monobasic  acid  in  these  solutions, 
while  persulphuric  acid  itself  acts  as  a  dibasic  one. 

The  most  direct  test  of  this  view,  apart  from  the  evidence  already 
given  in  support  of  it,  is  obtained  by  studying  the  velocity  of  the 
decomposition  of  persulphuric  acid  and  sodium  persulphate  solu- 
tions, to  which  have  been  added  beforehand  known  quantities  of 
sulphuric  acid,  sodium  hydrogen  sulphate  (that  is,  sodium  sulphate 
and  sulphuric  acid),  or  sodium  sulphate.  According  to  the 
hypothesis,  the  velocity  coefficient  should  not  be  affected  by  adding 
either  sodium  sulphate  or  sodium  hydrogen  sulphate  to  sodium  per- 
sulphate; sodium  hydrogen  sulphate  should  produce  but  a  slight 
lowering  of  the  coefficient  of  persulphuric  acid  by  adding  Na*  ions 
to  the  solution  without  altering  the  H*  concentration;  sodium 
sulphate  should  largely  reduce  this  coefficient  by  converting  free  H* 
into  HSO4';  and  added  sulphuric  acid  should  accelerate  in  both 
cases,  but  only  to  the  extent  due  to  it  as  a  monobasic  acid,  or  half 
as  much  as  the  equivalent  quantity  of  nitric  acid  or  of  persulphuric 
acid  itself.  In  all  cases  the  numerical  results  predicted  by  the 
hypothesis  can  be  calculated  from  a  knowledge  of  the  fundamental 
constants  already  given,  namely,  Jc^  =  0'0055  for  (Na*)2,  /c2  =  0'010 
for  (H  )2,  and  ^  =  0'163  for  (H')2  acceleration. 

The  results  of  the  experiments  performed  confirm  these 
expectations,  with  one  rather  notable  exception  in  the  case  of  the 
addition  of  sodium  sulphate  to  sodium  persulphate.  Here  the  uni- 
molecular  constant,  although  it  has  at  first  the  normal  and  expected 
value  of  about  0"0055,  quickly  diminishes  until  it  reaches  a  steady 
value,  considerably  smaller  and  dependent  on  the  amount  of  added 
neutral  sulphate.  Four  tests  were  made  with  approximately 
J-molar-sodium  persulphate,  containing  respectively  0'060,  0'125, 
0'128,  and  0'25'5  molecule  of  sodium  sulphate.  In  each  case  the 
curve  showed  a  similar  retardation  until  about  one-fifth  of  the 
persulphate  was  decomposed,  and  thereafter,  and  reckoned  from 
this  point,  a  good  unimolecular  constant  was  obtained,  the  respective 
values  being  0-0035,  00025,  00025,  and  0-0020.  These  results 
point  to  some  complication,  which,  as  will  be  shown,  is  never  met 
with  except  in  the  presence  of  mixed  neutral  and  acid  sulphate,  and 
which  is  perhaps  due  to  a  reverse  action  in  which  the  dissolved 
oxygen  plays  a  part;  for  this  product  is  the  only  substance  present 
whose  quantity  is  initially  nil,  and  tends,  on  account  of  its  limited 
solubility,  to  increase  quickly  to  a  maximum. 

In  all  the  other  cases  the  curves  showed  steady  unimolecular 
actions,  and  the  found  velocity  coeflacients  agreed  fairly  well  with 
those  calculated  in  accordance  with  the  hypothesis.     Although  the 
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agreement  is  not  quantitatively  exact,  it  is  noteworthy  that  the 
results  fully  establish  the  following  facts: 

(1)  Addition  of  sodium  hydrogen  sulphate  produces  no  marked 
acceleration,  showing  that  it  does  not  add  H'  ions;  (2)  addition 
of  sodium  sulphate  to  persulphuric  acid  produces  a  large  retardation, 
which  points  to  a  suppression  of  H'  ions;  (3)  addition  of  sulphuric 
acid  produces  such  acceleration  as  points  to  the  ionisation  of  about 
half  its  hydrogen. 

The  results  are  summarised  in  table  VI.  In  the  first  column 
are  given  the  nature  and  concentration  of  the  persulphate  used.  In 
the  second,  the  added  sulphate  is  similarly  specified.  In  the  third, 
under  E  (found),  is  given  the  experimental  unimolecular  constant, 
this  being,  as  in  previous  cases,  the  mean  of  several  concordant  values 
found  over  a  large  range  of  action.     In  the  fourth  column,  under 

K  (calculated),  is  given  the  value  of  k,——~ — -—  +  A:.,— — ^^ — ==.  +  ^(H*)?- 

where  the  ionic  symbols  refer  to  the  corresponding  concentrations 
after  allowance  for  the  conversion  of  all  SO4  into  HSO4'  ions.  In 
the  fifth  column,  under  K  (original),  is  given,  for  comparison,  the 
value  the  constant  would  have  if  the  added  sulphate  produced  no 
effect  whatever. 

Table  VI. 


The  Effects  of 

Added  Su 

Iphates. 

K 

K 

K 

Persulphate. 

Sulphate. 

found. 

calculated. 

original 

0  1285Na^,O, 

0-1338NaHSO^ 

0-0060 

0-0055 

0-0055 

0-1304Xa„S2Og 

0-1332HjSO4 

00161 

00179 

0-0055 

O-lSTSNa^SjOg 

0-3767H*SO4 

0-0372 

0  0389 

0  0055 

OllSSHjSoOg 

0-1250NkjSO4 

0-0151 

0-0160 

0-0293 

01248HyS,Og 

01366NaHSO4 

0  0304 

0  0-288 

0  0303 

0  1235H^O8 

0  0508H.3O^ 

0  0370 

0  0343 

0-0301 

0  1276H2S20g 

0  1194H^O4 

0  0421 

0  0405 

0-0308 

0  1285H^2O8 

0  1544H.^O4 

0-04-25 

0-0435 

0  0309 

The  Effects  of  Added  Alkali. 

Levi  and  Migliorini  found  that  alkalis  accelerate  the  persulphate 
decomposition,  but  to  a  smaller  extent  than  acids.  Our  experi- 
ments, however,  with  persulphates  of  the  first  class  do  not  confirm 
this.  When  sodium  or  potassium  persulphate  is  mixed  with  the 
corresponding  alkali  in  equivalent,  or  greater,  amount,  a  regular 
unimolecular  curve  is  obtained  with  a  constant  which  is  almost 
identical  with  that  characteristic  of  the  pure  salt  solution.  It  is, 
indeed,  very  slightly  smaller,  which  is  probably  accounted  for  by 
the  physical  eflfect  of  the  extra  dissolved  substance,  but  there  is  no 
evidence  of  positive  or  negative  acceleration  by  hydroxyl  ions. 
These,  of  course,  become  destroyed  as  the  action  proceeds,  for  they 
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necessarily  neutralise  the  acid  sulphate  product,  and  any  such 
catalytic  effect  would  thus  continuously  diminish,  and  the  curve 
would  not  be  that  of  a  simple  unimolecular  action.  It  is  noteworthy 
that  the  normal  sulphate  which  results  from  this  neutralisation 
does  not  produce  any  such  marked  retardation  as  was  observed  when 
the  same  salt  was  added  beforehand  to  sodium  persulphate,  so  that 
it  may  be  concluded  that  the  reaction  responsible  for  that  com- 
plication can  occur  only  in  the  presence  of  both  normal  and  acid 
sulphate,  as  already  mentioned. 

The  results  of  four  experiments  are  summarised  in  table  VII. 
The  ki  values  here  may  be  compared  with  those  cited  for  the  pure 
salts  in  table  I. 

Table  VII. 

Effects  of  Added  Alkali. 


Persulphate. 

Alkali. 

^j  found, 

0-1 192^828208 

0-2192NaOH 

0-0051 

O-llSSNajSjOg 

0-2236NaOH 

0-0051 

0-1214Na2S2O8 

0-3434NaOH 

0-0049 

0-0797KjS2O8 

0-2040KOH 

0  0050 

The  behaviour  of  barium  persulphate  when  mixed  with  barium 
hydroxide  is  quite  different,  and  is  difficult  to  reconcile  with  any 
general  theory.  The  autocatalytic  curve  of  the  pure  salt  solution 
has  been  fully  explained  by  the  production  of  persulphuric  acid, 
but  here  it  is  evident  that  neutralisation  must  occur  continuously, 
and  that  the  precipitation  of  barium  sulphate  is  accompanied  by  a 
progressive  diminution  of  alkali  instead  of  an  increase  of  acidity. 
Indeed,  the  course  of  the  action  is  followed  in  practice  by  alkalimetry 
instead  of  the  usual  acidimetry.  Now,  as  it  has  been  proved  that 
hydroxyl  ions  exert  no  appreciable  catalytic  effect  in  the  case  of 
the  salts  of  the  alkali  metals,  it  seems  inevitable  that  barium  per- 
sulphate, when  mixed  with  sufficient  barium  hydroxide,  should  give 
a  continuous  simple  unimolecular  curve  with  its  own  velocity 
constant  (^3).  Nevertheless,  the  curves  obtained  show  a  much 
higher  initial  velocity  than  corresponds  with  k^,  that  is,  an  initial 
acceleration  by  the  added  alkali,  and  they  also  give  evidence  of  a 
further  acceleration  as  the  alkali  subsequently  diminishes.  We  are 
unable  to  explain  these  facts. 

The  Temperature  Effect. 

Experiments  were  made  with  sodium  persulphate  and  with  per- 
sulphuric acid  at  70°  and  90°  for  comparison  with  those  at  80° 
already  described.  The  mean  values  of  the  unimolecular  coefficients 
are  given  in  the  following  table.  In  the  case  of  persulphuric  acid, 
it  must  be  remembered  that  this  coefficient  is  largely  dependent  ou 
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the  initial  concentration  (A),  for  it  has  been  shown  to  be  the  sum 
of  two  terms,  k^+kA,  whereas  in  the  case  of  the  salt  it  is  a  simple 
constant,  k^.  It  appears,  however,  that  the  constants  at  90°  are  all 
about  tenfold  those  at  70°. 


Table  VIII. 

The 

Temperature  Effect. 

Salt. 

A. 

Uniiiiolecular 
coeflacients. 

Temperature. 

NaoSjOg 

Na;S,03 

ILjSjOg 
HaS-jOg 

0-125 
0-126 
0-130 
0-1-24 
0-124 
0-116 

0-0016 
0-0055 
0-0161 
0-0111 
0-0302 
0  1035 

70° 
80 
90 
70 
80 
90 

BRSITY  OF 

Melbouene. 

CCXX. — A    Simjyie  Method   of  Preparing    Tetranitro- 

methane. 

By  Frederick  Daniel  Chattaway. 

TETRANITROMETHANE  cau  easily*  be  obtained  without  danger, 
and  in  almost  theoretical  amount,  by  allowing  equal  molecular 
amounts  of  nitric  acid  f  and  acetic  anhydride  to  interact  I  at  the 
ordinary  temperature  for  several  days.  Some  heat  is  developed  on 
mixing,  and  slight  cooling  is  necessary  during  this  part  of  the 
process,  otherwise  the  action  may  become  so  vigorous  that  loss  of 
material  results,  but,  so  far  as  the  author's  experience  goes,  it  never 
becomes  explosive  in  character. 

*  The  methods  hitherto  described  for  the  preparation  of  tetranitromethanc, 
namely,  (1)  nitrating  nitroform  (SchischkoflF,  AnnaUn,  1861,  119,  247),  (2)  the  action 
of  diacetylorthonitric  acid  on  acetic  anhydride  (Pictet  and  Genequand,  Bcr.,  1903, 
36,  2225),  (3)  distilling  nitrobenzene  with  a  large  excess  of  a  mixture  of  nitric  and 
sulphuric  acids  containing  sulphur  trioxide  (Claessen,  D.R,-P.  184229),  and  (4) 
adding  acetic  anhydride  to  a  mixture  of  nitrogen  pentoxide  and  nitrogen  peroxide 
(Schenck,  D.R.-P.  211198,  211199),  leave  much  to  be  desired  in  the  way  of 
simflicity. 

t  The  use  of  more  than  the  equivalent  amount  of  nitric  acid  is  of  no 
advantage  ;  indeed,  when  an  excess  is  added,  the  yield  is  seldom  so  good,  as  the  acid 
ordinarily  employed  always  contains  some  small  amount  of  water. 

X  On  the  7th  of  July,  since  this  paper  was  written,  the  Farbenfabriken  vorm. 
F.  Bayer  k  Co.  published  a  method  (D.R.-P.  224057)  of  preparing  tetranitromethano 
exactly  similar  to  that  given  alxive.  As*,  however,  this  paper  was  read  about  a  month 
earlier,  namely,  on  June  18th  (Proc.,  1910,  26,  164),  and  as  many  details  not  to  b« 
found  in  the  specification  are  given,  it  seems  desirable  that  it  should  be  published 
in  full. 
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The  action  takes  place  almost  quantitatively  according  to  the 
equation : 

4CH3-CX)-0-CO-CH3  +  4HNO3  =  C(N02)4  +  COg  +  TCHg-COgH. 

The  tetranitromethane  remains  dissolved  in  the  acetic  acid,  and 
separates  out  as  a  heavy,  oily  layer  on  pouring  the  product  into 
water.  Carbon  dioxide  is  given  off  almost  from  the  time  of  mixing, 
but  the  evolution  is  never  rapid,  and  the  tetranitromethane  appears 
only  to  be  formed  gradually,  as  the  yield  is  small  unless  the 
mixture  is  kept  for  some  days. 

When  nitric  acid  attacks  acetic  anhydride,  a  mononitro-derivative 
is  probably  first  produced,  which  is  nitrated  so  much  more  readily 
than  the  parent  compound  that  action  proceeds  until  the  three 
hydrogen  atoms  of  a  methyl  group  have  been  replaced.  Hydrolysis 
then  occurs,  and  the  trinitroacetic  acid  formed  slowly  decomposes 
into  carbon  dioxide  and  nitroform,  which  as  soon  as  it  is  liberated 
is  converted  by  the  remainder  of  the  nitric  acid  into  tetranitro- 
methane. 

The  operations  necessary  in  this  method  are  so  simple  and  so  easily 
carried  out  that  the  preparation  is  well  adapted  to  take  its  place 
in  any  elementary  course  of  practical  organic  chemistry  to  illustrate 
the  ease  with  which  aliphatic  compounds  can  be  nitrated,  whilst 
the  materials  employed  are  so  cheap  and  the  yield  is  so  satisfactory 
as  to  make  tetranitromethane,  which  has  hitherto  been  a  somewhat 
unfamiliar  substance,  one  of  the  most  easily  procurable  of  organic 
compounds. 

Preparation  of  T etranitromethane. 

Thirty-one  grams  of  nitric  acid  *  (D^^  VbZ)  are  placed  in  a  250  c.c. 
flask,  and  50  grams  of  acetic  anhydride  are  gradually  added  in 
quantities  of  about  2  c.c.  at  a  time,  the  flask  meanwhile  being 
cooled  in  water,  as  some  little  heat  is  developed.  If  the  flask  is 
not  cooled,  action  proceeds  more  and  more  vigorously  as  the  tem- 
perature rises,  and  may,  if  unchecked,  become  violent.  It  is 
inadvisable  therefore  to  allow  the  temperature  to  rise  much  above 
20—25°. 

When  all  the  anhydride  has  been  added,  the  flask  is  covered 
loosely  by  a  watch-glass  or  inverted  small  beaker,  and  kept  at  the 
ordinary  temperature  for  about  a  week.  As  the  reaction  proceeds, 
carbon  dioxide  is  continuously  but  very  slowly  evolved,  and  the 
mixture,  which  at  first  is  colourless,  becomes  brown,  owing  to  the 

*  The  anhydrous  nitric  acid  required  in  the  preparation  is  most  easily  obtained  by 
slowly  distilling  ordinary  fuming  nitric  acid  from  its  own  bulk  of  concentrated 
sulphuric  acid  ;  if  ordinary  concentrated  nitric  acid  (D  1'41)  is  used,  it  is  advisable 
to  distil  it  twice  from  sulphuric  acid.  It  is  not  necessary,  although  advisable  if 
convenient,  to  distil  off  the  acid  under  diminished  pressure. 
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formation,  in  small  quantity,  of  oxides  of  nitrogen.  After  a  week, 
the  tetranitromethane  which  remains  dissolved  in  the  acetic  acid 
may  be  separated  by  pouring  the  mixture  into  about  150 — 200  c.c. 
of  wat€r.  The  bulk  of  the  tetranitromethane  subsides  as  a  colour- 
less, heavy,  oily  layer,  which  can  be  removed  by  means  of  a  separating 
funnel,  whilst  a  small  quantity  still  remaining  dissolved  in  the 
dilute  acetic  acid  may  easily  be  separated  by  means  of  a  current  of 
steam.  The  tetranitromethane  passes  over  with  the  first  few  c.c. 
of  the  distillate,  and  separates  as  a  heavy  globule. 

The  tetranitromethane  thus  obtained  may  be  freed  from  traces 
of  acid  by  washing  with  water,  or  even  better,  although  with  slight 
loss,  by  distilling  in  a  current  of  steam.*  It  is  then  separated  and 
dried  over  fused  calcium  chloride. 

Tetranitromethane  as  thus  prepared  is  a  heavy,  very  faintly 
yellow  liquid.  It  can  be  distilled  at  126°  under  the  ordinary 
pressure,  but  the  distillate  is  of  a  pale  brown  colour,  due  to  oxides 
of  nitrogen  formed  by  some  slight  decomposition  which  takes  place 
at  this  temperature,  and  still  requires  to  be  washed  and  dried  to 
obtain  it  quite  pure.  If  cooled  a  little  below  the  ordinary  tem- 
perature, it  easily  solidifies  to  a  mass  of  colourless  crystals. 

The  yield  of  tetranitromethane  obtained  is  never  quite  the 
theoretical  one,  although  by  careful  working  it  can  be  made  to 
approximate  to  it.  The  small  loss  cannot  be  entirely,  or  even 
mainly,  due  to  oxidation,  as  at  no  period  of  the  action  is  there  any 
considerable  liberation  of  nitrous  fumes;  it  is  probably  caused  by 
some  of  the  very  heavy  vapour  being  carried  away  in  the  escaping 
carbon  dioxide,  and  lost  during  the  processes  of  separation. 

Using  acid  prepared  as  above,  without  removing  the  oxides  of 
nitrogen,!  the  yield  is  approximately  80  per  cent,  of  the  theoretical, 
about  18 — 20  grams  of  pure,  dry  tetranitromethane  being  obtained 
from  the  weights  of  materials  given. 

It  is  immaterial  whether  the  acetic  anhydride  be  added  to  the 
nitric  acid,  or  the  nitric  acid  to  the  anhydride,  but  the  former 
procedure  is  preferable,  as  the  evolution  of  heat  then  occurs  mainly 
during  the  first  few  additions  of  anhydride,  which  can  be  added 
more  rapidly  afterwards. 

In  a  set  of  experiments  to  ascertain  the  rate  of  formation,  a 

•  After  distilling  in  a  current  of  steam,  the  distillate  containing  the  tetranitro- 
methane as  well  as  the  residue  is  always  bright  yellow  in  colour,  owing  to  the 
presence  of  dissolved  nitroform,  which  is  formed  in  small  quantity  when  tetranitro* 
methane  is  allowed  to  come  into  contact  with  water  or  is  heated  with  it. 

t  There  is  no  great  advantage  in  freeing  the  anhydrous  nitric  acid  from  oxides  of 
nitrogen,  as  even  if  the  acid  is  completely  colourless  on  mixing  and  the  mixture  is 
kept  at  0°  in  a  dry  atmosphere  it  becomes  coloured  in  a  few  days.  The  yield  is 
slightly  better  if  colourless  anhydrous  acid  is  employed,  but  the  increased  yield 
doe*  not  compensate  for  the  extra  labour  involved  in  the  preparation  of  the  acid. 
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number  of  similar  mixtures  of  the  above  quantities  were  made,  and 
the  amount  of  tetranitromethane  formed  was  estimated  after 
different  intervals.  After  one  day,  7  5  grams  of  tetranitromethane 
were  obtained;  after  two  days,  11  "5  grams;  after  four  days,  14'5 
grams;  after  six  days,  17  grams;  and  after  eight  days,  18"5  grams. 
After  this,  further  keeping  did  not  appreciably  increase  the  yield. 

The  process  can  be  accelerated  by  heating  the  mixed  liquids 
cautiously  until  the  action  becomes  sufficiently  rapid  to  cause  the 
temperature  to  rise  even  after  removing  the  source  of  heat  *  and 
then  checking  the  action  by  cooling;  when  this  has  been  done 
several  times,  the  liquid,  which  at  first  cannot  be  heated  with  safety 
much  above  30°,  may  be  heated  to  80 — 100°  without  any  violent 
action  occurring,  but  on  diluting  the  product  the  yield  is  not  found 
to  be  anything  like  so  good  as  when  the  mixture  is  simply  allowed 
to  remain  at  the  ordinary  temperature. 

University  Chemical  Laboeatoet, 
Oxford. 


CGXXI. — The  Constitution  of  Coumarinic  Acid. 

By  Arthur  Clayton. 

When  coumarin  is  dissolved  in  aqueous  sodium  hydroxide,  the 
sodium  salt  of  coumarinic  acid  is  produced,  whereas  the  prolonged 
action  of  an  alcoholic  solution  of  the  alkali  results  in  the  production 
of  an  alkali  o-coumarate.  Coumarinic  acid  has  not  yet  been 
isolated,  being  resolved  into  coumarin  and  water  at  the  moment  of 
liberation  from  its  salts,  but  its  alkyl  esters  are  known,  these 
compounds  being  isomeric  with  the  corresponding  derivatives  of 
o-coumaric  acid.  When  the  dialkyl  esters  of  3-nitrocoumarinic  acid 
are  boiled  with  aqueous  alkalis,  3-nitrocoumarinic  acid  is  produced 
from  the  acidified  liquid,  whereas  the  dimethyl  ester  of  3-nitro- 
o-coumaric  acid  under  similar  conditions  yields  the  methyl  ether 
of  3-nitro-o-coumaric  acid  (Miller  and  Kinkelin,  Ber.,  1889,  22, 
1708  et  seg.).  This  difference  of  behaviour  towards  alkalis  has 
been  explained  by  Michael's  formula  (I)  for  coumarinic  acid 
(.7.  jrr.  Chem.,  1888,  [ii],  38,  27),  which  has  also  received  support 
from  Perkin  (Trans.,  1881,  39,  560),  Miller  and  Kinkelin  (Ber., 

*  If  the  mixture  be  heated  until  action  becomes  violent  it  is  difficult  to  condens 
tho  products,  torrents  of  brown  fumes  are  evolved,  and  the  quantity  of  telranitro 
methane  obtained  is  very  small. 
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1889,  22,    1713),  Koser   {Ber.,   1882,  15,   2347),    and    Anschiitz 
{.innalen,  1889,  254,  181): 

9H 
0  O  0-0 

C(^p<Z  ry'^90.^  rYY'OH  {yy 

KAM     \Ac//9      \A>H    \A^^^ 

CH  ^   H  CH  CH 

(I.)  (11.)  (HI).  (IV). 

On  the  other  hand,  the  view  has  been  held  that  coumarinic  acid 
is  the  «s-isomeride  (formula  II)  of  o-coumaric  acid.  A  third 
possible  formula  (III)  is  suggested  by  the  constitution  which  Morgan 
and  Micklethwait  (Trans.,  1906,  89,  868)  have  proposed  for 
coumarin  (formula  IV). 

In  order  to  confirm  or  exclude  Michael's  formula,  the  author  of 
the  present  communication  has  investigated  the  alkyl  derivatives  of 
5-nitrocoumarinic  acid,  the  nitro-group  being  introduced  in  order 
to  obtain  solid  compounds.  It  is  obvious  that  if  formula  I  repre- 
sents the  constitution  of  coumarinic  acid,  only  one  methyl  ethyl 
ester  could  be  prepared,  whereas  formulae  II  and  III  indicate  the 
possibility  of  the  existence  of  two  such  derivatives.  For  con- 
venience, the  two  hydroxyl  groups  will  in  this  paper  be  distinguished 
by  the  letters  a  and  $. 

6-Nitrocoumarin  dissolves  in  aqueous  alkalis,  and  the  solution, 
when  treated  with  silver  nitrate,  yields  silver  b-nitrocoumarinate. 
This  salt,  by  interaction  with  methyl  iodide,  yields  a^-dimethyl 
b-nitrocoumarinate  (V).  The  identity  of  this  substance  is  estab- 
lished by  boiling  it  with  aqueous  sodium  hydroxide,  6-nitrocoumarin 
being  readily  regenerated.  The  a)8-diraethyl  5-nitrocoumarinate  is 
converted  by  partial  hydrolysis  into  a-methyl  5-nitrocoumarinate 
(VI).  The  silver  salt  of  the  latter  compound,  when  treated  with 
ethyl  iodide,  yields  a-methyl  fi-ethyl  5-nitrocoumarinate  (VII). 

By  a  similar  series  of  operations,  a^-diethyl  5-nitrocoumarinate, 
a-ethyl  5-nitrocoumarinate,  and  ^-methyl  a-ethyl  5-nitrocoumarinate 
are  obtained  as  indicated  by  formulae  VIII — X. 

All  the  compounds  V — X  (p.  2104)  are  shown  to  be  derivatives  of 
5-nitrocoumarinic  acid  by  their  exceedingly  easy  reversion  to  6-nitro- 
coumarin when  boiled  with  weak  aqueous  sodium  hydroxide. 
a-Methyl  /3-ethyl  5-nitrocoumarinate  and  iS-methyl  o-ethyl  5-nitro- 
coumarinate proved  to  be  distinctly  different  compounds,  the  former 
melting  at  75 — 77°,  and  the  latter  at  111 — 113°,  thus  showing 
Michael's  formula  to  be  incorrect. 

In  order  that  the  foregoing  proof  should  not  be  invalidated  by 
the  possibility  of  one  or  both  of  the  isomeric  methyl  ethyl  esters 
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6  -  Nitrocoumarin. 


M^-^^-^^' 


(V.)  (VIII.) 

!  NaOH  !  NaOH 


NO,.  aH,o<^^«'  •  • «  NO,.  aH,o<2S^- 


a 


(VI.)  (IX.) 

!  Ag  salt+Etl  j  Ag  salt  +  Mel 

NO,.  c,H,o<g^^- ;  • «  NO,.  C,H,0<g^^^ ' ;  ^ 

'    (VII.)  (X.) 

M.  p.  75°— 77°.  M.  p.  lir— 113°. 

being  derived  from  5-nitrocoumaric  acid  by  the  rupture  of  the 
lactonic  ring,  an  investigation  of  the  ethers  and  esters  of  the  latter 
acid  was  made  as  indicated  by  formulae  XI — XIX. 

AoMe         A^H       ^Apt 

1      JCHO    ^  I      JCHO  ^  L     JCHO 


(XII.)  (XL)  (XVL) 

I  I 

i^NoMe  f^NoEt 

NO,i      JcHO  NO,'       ICHO 

(XIII.)  (XVII.) 

I  ^     \ 

/NoMe  f^NoEt 

NO,'      JCHrCH-COaH  NO,'       ICH.'CH.CO^H 

(XIV.)  (XVIIL) 

i  ..   t  1    +  EtI  !  Ag  salt  +  Mel 

{^\0M.Q  /"^.OEt 

NO,l       'CHICH-COaEt  NO,!      JCHICH'COaMe 

M.  p.  85°.  M.  p.  163*. 

(XV.)  (XIX.) 

The  methyl  ether  of  5-nitrocoumaric  acid  (XIV)  was  prepared 
according  to  Schnell's  directions  (5er.,  1884,  17,  1382)  as  indicated 
by  formulae  XI — XIV,  and  the  silver-  salt  of  this  acid  heated  with 
ethyl  iodide,  thus  yielding   the    methyl    ether    of    ethi/l   5-nitro- 
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coumarin-ate  (XV).  By  a  similar  series  of  rea<;tions  the  ethi/l  ether 
of  b-nitrosalicylaldeJiyde,  the  ethyl  ether  of  5-nitrocoumaric  acid, 
and  the  ethyl  ether  of  methyl  5-nitrocoumarate  are  obtained 
(XVII— XIX). 

The  two  methyl  ethyl  derivatives  of  5-nitrocoumaric  acid  thus 
obtained  proved  to  be  distinctly  different  from  the  methyl  ethyl 
derivatives  of  5-nitrocoumarinic  acid.  The  existence  of  these  four 
isomeric  methyl  ethyl  derivatives  permanently  excludes  the  possi- 
bility of  Michael's  formula  being  correct. 

In  order  to  ascertain  which  of  the  two  remaining  formulae 
represents  the  constitution  of  coumarinic  acid,  oi3-dimethyl 
coumarinate  and  the  methyl  ether  of  methyl  o-nitrocoumarate  were 
separately  treated  with  bromine.  In  each  case  methyl  a^-dibromo- 
5-nitro-2-methoxy-0-phenylpropionate  was  produced,  thus  excluding 
formula  III. 

Coumarinic  acid  is  therefore  proved  to  be  the  c w-isomeride  of 
o-coumaric  acid. 

The  positions  occupied  by  the  hydroxyl  groups,  which  have  been 
distinguished  by  the  letters  o  and  j8,  are  indicated  by  treating  the 
ethyl  ether  of  methyl  5-nitrocoiimarate,  and  j8-methyl  o-ethyl 
5-nitrocoumarinate  separately  with  bromine.  Methyl  a$-dibromo- 
o-nitro-2-ethoxy-fi-phenylpropionate  (XX)  is  produced  in  each  case, 
thus  showing  that  the  a-group  is  phenolic,  and  that  the  j3-group 
forms  part  of  the  carboxyl  group  (see  formula  XXI) : 

/NoEt  i^OH  CO(OH) 

NOgl       'CHBr-CHBr-COaMe  NQI        '       .qh 

CH 

(XX).  (XXI). 

Formula  II  being  established,  the  chemical  behaviour  of 
coumarinic  acid  can  easily  be  explained.  If  a  representation  of 
the  molecule  be  built  up  with  suitable  models,  the  side-chain  is  seen 
to  follow  approximately  the  sides  of  a  regular  hexagon,  and  the 
carboxyl  group  is  brought  into  close  proximity  with  the  phenolic 
group  (formula  XXI).  thus  indicating  the  ready  elimination  of  the 
elements  of  water.  If,  however,  a  nitro-group  be  introduced  into 
position  3,  the  negative  phenolic  and  nitro-groups  exert  a  combined 
and  powerfully  repellent  effect  on  the  carboxyl  group,  which,  being 
repelled  from  the  immediate  neighbourhood,  no  longer  enters  into 
chemical  action  with  the  phenolic  group.  This  accounts  for  the 
fact  that  3-nitrocoumarinic  acid  (XXII),  3 :  5-dinitrocoumarinic 
acid  (XXIII),  and  3-nitro-4-hydroxycoumarinic  acid  (XXIV)  exist 
in  the  free  state  (Miller  and  Kinkelin,  Ber.,  1889,  22,  1706; 
Clayton,  this  vol.,  p.  1390  et  seq.): 

VOL.    XCVII.  6 
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NO2  NO2  NO2 

CH  CH  CH 

(XXII).  (XXIII).  (XXIV). 

The  ease  with  which  the  alkyl  ether  esters  of  the  coumarinic 
acids  undergo  complete  hydrolysis  is  unusual,  since  phenyl  ethers 
are  generally  not  affected  by  aqueous  alkalis.  In  all  probability, 
however,  after  the  removal  of  the  alkyl  from  the  carboxyl  group, 
two  causes  operate  in  the  second  stage  of  the  hydrolysis,  namely, 
(1),  the  usual  hydrolytic  action  of  aqueous  alkalis,  and  (2),  that 
cause  which  effects  the  elimination  of  the  elements  of  water  from 
coumarinic  acid  itself.  These  two  influences,  acting  concurrently, 
bring  about  the  hydrolysis  of  the  phenyl  ether  which  aqueous 
alkalis  alone  are  generally  unable  to  effect. 


Summary, 

1.  The  two  methyl  ethyl  ether-esters  of  5-nitrocoumarinic  acid 
and  the  two  corresponding  isomeric  ether-esters  of  5-nitrocoumaric 
acid  have  been  prepared. 

2.  The  two  methyl  ethers  of  methyl  5-nitrocoumarate  and  methyl 
5-nitrocoumarinate  yield  the  same  bromine  additive  product  when 
treated   with  bromine. 

3.  The  above  facts  show  that  coumarinic  acid  is  the  c««-isomeride 
of  o-coumaric  acid.  This  view  of  the  constitution  of  coumarinic 
acid  affords  a  ready  explanation  of  its  chemical  reactions. 

Experimental. 
The  Ethers  and  Esters  of  h-Nitrocoumarinic  Acid. 

6-Nitrocoumarin  was  found  to  be  best  prepared  by  dissolving 
coumarin  in  sulphuric  acid  (10  parts),  and  treating  the  solution 
with  one  molecular  proportion  of  nitric  acid  (D  r4)  mixed  with 
three  times  its  volume  of  sulphuric  acid,  the  temperature  being  kept 
below  20°.  After  one  hour  the  solution  is  poured  on  crushed  ice, 
and  the  precipitated  solid  crystallised  from  acetic  acid. 

Silver  b-nitrocoumarvnate  was  obtained  by  dissolving  6-nitro- 
coumarin  (10  grams)  in  an  aqueous  solution  of  sodium  hydroxide 
(4"2  grams),  and  then  adding  a  solution  of  silver  nitrate  (19  grams). 
The  orange-red  precipitate  was  washed  with  a  little  water  and  dried. 
When  treated  with  dilute  acids,  the  salt  yields  6-nitrocoumarin : 

0-2813  gave  01908  AgCl.     Ag  =  5104. 

C9H503N(OAg)2  requires  Ag  =  51'06  per  cent. 
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The  Methyl  Ether  of  Methyl  5-Nitrocoumarinate. — Silver  5-nitro- 
coumarinate  (6  grams)  was  mixed  with  about  30  c.c.  of  ether,  and 
then  shaken  with  a  mixture  of  methyl  iodide  (15  grams)  and  ether 
(10  c.c.)  for  one  hour,  the  temperature  rising  during  this  operation. 
When  cold,  the  contents  were  extracted  with  alcohol,  from  which 
solvent  colourless  needles,  melting  at  124 — 125°,  were  obtained : 

01375  gave  0-2790  COo  and  00610  H^O.     0  =  5534;  H=4-92. 

0-2146     „  11-3  c.c.  Ngat  24°  and  770' mm.     N  =  5-99. 
C11H11O5N  requires  0  =  55-70;  H  =  4-64;  N  =  5-91   per  cent. 

The  Ethyl  Ether  of  Ethyl  5-Nitrocoumarinate. — Silver  5-nitro- 
coumarinate  (10  grams)  was  treated  with  ethyl  iodide  (4  grams)  in 
ethereal  solution  in  the  manner  described  in  the  preceding  experi- 
ment, and  the  product  extracted  with  alcohol.  Colourless  needles, 
melting  at  104 — 105°,  were  obtained : 

0- 1404  gave  0-3020  COo  and  00740  H2O.     0  =  5866;  H  =  5-85. 

0-2376     „  11-7  c.c.  N2  at  25°  and  750  mm.     N  =  5-41. 
C13H15O5N  requires  0  =  58-87;  H  =  5-66;  N  =  5-28  per  cent. 

The  Meth'yl  Ether  of  b-Nitrocoumarini^  Acid. — The  methyl  ether 
of  methyl  o-nitrocoumarinate  (6  grams)  was  dissolved  in  dilute 
alcohol,  and  heated  to  100°  with  aqueous  sodium  hydroxide  (\  gram) 
for  about  thirty  minutes,  when  a  portion  of  the  liquid  produced  no 
turbidity  on  dilution  with  water.  The  mixture  was  then  acidified 
with  dilute  hydrochloric  acid,  and  the  voluminous  precipitate 
crystallised  from  alcohol  or  dilute  acetic  acid.  Oolourless  needles 
were  obtained,  melting  at  202 — 203° : 

0-1647  gave  0-3230  OOg  and  00650  HgO.     0  =  5348;  H  =  4-38. 

0-1706     „  101  c.c.  N2  at  26°  and  754  mm.     N=6-52. 
OJ0H9O5N  requires  0  =  5381;   H  =  4-04;  N  =  6-28  per  cent. 

The  Ethyl  Ether  of  5-Nitrocoumarinic  Acid. — This  substance  was 
obtained  by  the  interaction  of  the  ethyl  ether  of  ethyl  5-nitro- 
coumarinate  (6-5  grams)  and  sodium  hydroxide  (1  gram)  in  weak 
alcoholic  solution,  in  the  manner  described  in  the  preceding  experi- 
ment.    Oolourless  needles  were  produced,  melting  at  171 — 172°: 

01498  gave  0-3080  00^  and  00662  HgO.     C  =  5607;  H  =  4-94. 
01442     „     80  c.c.  N2  at  25°  and  754  mm.     N  =  6-14. 
CiiHjiOjJT  requires  0  =  5570;  H  =  4-64;  N  =  5-91  per  cent. 

The  Methyl  Ether  of  Silver  b-Nitrocoumarinate. — The  methyl 
ether  of  5-nitrocoumarinic  acid  (10  grams)  was  dissolved  in  an 
aqueous  solution  of  sodium  hydroxide  (18  grams),  and  the  yellow 
solution  treated  with  aqueous  silver  nitrate  (8  grams),  when  the 
silver  salt  was  precipitated  as  an  almost  colourless  powder : 

0-3100  gave01004  Ag.     Ag  =  32-39. 

OjoHaOjNAg  requires  Ag  =  32'73   per  cent. 

6  Y  2 
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The  Ethyl  Ether  of  Silver  5-Nitrocouniarinate. — The  ethyl  ether 
of  5-nitrocoumarinic  acid  (10  grams)  was  dissolved  in  an  aqueous 
solution  of  sodium  hydroxide  (I'T  grams).  An  aqueous  solution  of 
silver  nitrate  (8  grams)  was  then  added.  The  salt  forms  an  almost 
colourless  powder : 

0-3116  gave  0-0980  Ag.     Ag  =  31-45. 

CiiHjoOsNAg  requires  Ag  =  31-40  per  cent. 

The  Methyl  Ether  of  Ethyl  b-Nitrocoumarinate. — The  methyl 
ether  of  silver  5-nitrocoumarinate  (10  grams)  was  heated  with  ethyl 
iodide  (5  grams)  and  a  little  ether  for  one  hour  at  100°.  The 
product,  when  extracted  with  alcohol,  yielded  colourless  needles, 
melting  at  75—77°: 

0-1178  gave  0-2462  COg  and  0-0580  HgO.     C  =  57-00;  H  =  5-47. 

0-1092     „     5-7  c.c.  N2  at  24°  and  756  mm.     N  =  5-82. 
C12H13O5N  requires  C  =  57-37;  H  =  5-18;  N  =  5-58  per  cent. 

The  Ethyl  Ether  of  Methyl  d-Nitrocoumarinate. — The  ethyl  ether 
of  silver  5-nitrocoumarinate  (10  grams)  was  mixed  with  ether  and 
methyl  iodide  (5  grams),  and  subjected  to  the  treatment  described 
in  the  preceding  experiment.  The  alcoholic  extract  yielded  colour- 
less needles,  melting  at  111 — 113°: 

0-1594  gave  0-3328  CO^  and  0-0744  HgO.     C  =  57-00 ;  H  =  5-19. 

0-1192     „     6-4  c.c.  N2  at  24°  and  756  mm.     N  =  5-98. 
C12H13O5N  requires  0  =  5737;  H  =  5-18;  N  =  5-58  per  cent. 

The  Ethers  and  Esters  of  5-NitrocouTnaric  Acid. 

The  Methyl  Ether  of  Silver  5-Nitrocoumarate. — The  methyl  ether 
of  5-nitrocoumaric  acid  (1-6  grams),  prepared  according  to  Schnell's 
directions  (Ber.,  1884,  17,  1382),  was  dissolvied  in  a  solution  of 
sodium  hydroxide  (0-29  gram).  To  this  solution  silver  nitrate 
(1-3  grams),  dissolved  in  water,  was  added,  when  an  almost  colour- 
less, gelatinous  precipitate  was  produced  : 

0-2868  gave  0-0936  Ag.     Ag  =  32-63. 

CioHgOgNAg  requires  Ag  =  32-73  per  cent. 

The  Methyl  Ether  of  Ethyl  b-Nitrocoumarate. — The  methyl  ether 
of  silver  5-nitrocoumarate  (1  gram),  ethyl  iodide  (0-5  gram),  and  a 
little  ether  were  heated  together  for  three  hours  at  100°.  After 
evaporating  off  the  ether,  the  mixture  was  extracted  with  alcohol, 
from  which  solvent  colourless  needles,  melting  at  85°,  were  obtained : 

0-1398  gave  0-2942  CO2  and  00666  HgO.     0  =  5738;  H  =  5-29. 

01716     „     9-0  c.c.  Ng  at  25°  and  764  mm.     N  =  5-88. 
O12H13O5N  requires  0  =  5737;  H  =  5-18;  N  =  5-58  per  cent. 

The  Methyl  Ether  of  Methyl  5-Nitrocoumarate. — The  methyl  ether 
of  silver  5-nitrocoumarate  (1  gram)  was  mixed  with  methyl  iodide 
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(O'o  gram)  and  a  little  ether,  and  heated  to  100°  for  three  hours. 
After  evaporating  off  the  ether,  the  residue  was  extracted  with 
alcohol,  when  colourless  needles,  melting  at  163°,  were  obtained: 

0-1050  gave  0-2150  COg  and  0-0454  HgO.     C  =  55-84;  H  =  4-80. 

01812     „     9-9  c.c.  N2  at  764  mm.  and  25°.     ^=607. 
CnHiiOjN  requires  C  =  55-70;  H  =  4-64;  N  =  5-91  per  cent. 

f>-Nitro-Q,-ethoxyhenzaldehyde. — 2-Ethoxybenzaldehyde  was  slowly 
added  to  nitric  acid  (D  1-5),  the  temperature  being  kept  below  10°. 
After  fifteen  minutes  the  liquid  was  poured  on  crushed  ice,  and  the 
precipitate  crystallised  from  dilute  alcohol.  The  substance  crys- 
tallises in  pale  yellow  needles,  melting  at  71 — 72° : 

0-2910  gave  19-3  c.c.  Ng  at  25°  and  770  mm.     N  =  7-54. 
CgHgO^N  requires  N  =  7-65  per  cent. 

The  Ethyl  Ether  of  o-Nitrocoumaric  Acid. — 5-Nitro-2-ethoxybenz- 
aldehyde  (5  grams),  anhydrous  sodium  acetate  (5  grams),  and  acetic 
anhydride  (15  grams)  were  boiled  together  for  six  hours.  The 
cooled  product  was  ground  with  wat«r  and  extracted  several  times 
with  ether.  The  ethereal  extract  was  shaken  with  a  solution  of 
sodium  carbonate,  and  the  aqueous  solution  so  obtained  treated 
with  an  excess  of  hydrochloric  acid,  when  a  white  precipitate  was 
formed,  which  crystallised  from  dilute  alcohol  in  colourless  needles, 
melting  at  194—195°: 

01766  gave  0-3622  CO.,  and  00780  HoO.     C  =  55-94;  H  =  4-91. 

0-2288     „  12-0  c.c.  Ng^at  25°  and  762""  mm.     N  =  5-87. 
CuHjiO^N  requires  0  =  5570;  H  =  4-64;  N  =  5-91  per  cent. 

The  Ethyl  Ether  of  Silver  5-Nitrocoumarate. — The  ethyl  ether  of 
5-nitrocoumaric  acid  (10  grams)  was  dissolved  in  an  aqueous  solution 
of  sodium  hydroxide  (17  grams),  and  a  solution  of  silver  nitrate 
(7-2  grams)  then  added,  when  the  silver  salt  was  precipitated  as  an 
almost  colourless,  gelatinous  mass: 

0-3620  gave  0-1132  Ag.     Ag  =  31-27. 

CuHjoOjNAg  requires  Ag  =  31-40  per  cent. 

The  Ethyl  Ether  of  Methyl  b-Nitrocoutnarate. — The  ethyl  ether 
of  silver  5-nitrocoumarate  (1  gram),  methyl  iodide  (0-5  gram),  and 
a  little  ether  were  heated  together  at  100°  for  three  hours.  After 
evaporating  the  ether  from  the  product,  the  residue  was  extracted 
with  alcohol,  from  which  solvent  colourless  needles,  melting  at 
141 — 142°,  were  obtained: 

0-1174  gave  0-2458  CO5,  and  00536  HgO.     C  =  57-10;  H  =  5-07. 

0  1624     „     8-4  c.c.  Nj  at  25°  and  764  mm.     N  =  5-80. 
CigHijOjN  requires  g  =  67-37;  H=?5-18^  N  =  5-58  per  cent. 
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The  Bromine  Additive  Products. 

Methyl  a^-Dihromo-b-nitro-2-methoxy-fi-phenyl'propionate.  —  The 
methyl  ether  of  methyl  5-nitrocoumarate  (1  molecule)  was  dissolved 
in  carbon  disulphide,  and  treated  with  bromine  (2*5  molecules). 
After  twelve  hours  the  liquid  was  evaporated,  and  the  residue 
crystallised  from  alcohol.  Colourless  needles,  melting  at  126°,  were 
obtained.  The  same  product  resulted  when  the  methyl  ether  of 
methyl  5-nitrocoumarinate  was  treated  in  a  similar  manner : 

01498  gave 0-1834  COg  and  0*0400  HgO.     C  =  33-39;  H  =  2-97. 

0-3806     „  11-5  e.c.  Ng  at  25°  and  770  mm.     N  =  3-44. 

0-1460     „     0-1380  AgBr.     Br  =  40-22. 

CiiHiANBrg  requires  0  =  3325;  H  =  2-87;  N  =  3-53; 
Br  =  40-30  per  cent. 

Methyl  afi-Dibromo-b-nit?-o-2-ethoxy-fi-phenylprojnonate.  ■ —  This 
compound  was  prepared  from  the  ethyl  ether  of  methyl  5-nitro- 
coumarate  and  bromine  by  the  method  described  in  the  preceding 
experiment,  and  also  by  a  similar  treatment  of  the  ethyl  ether  of 
^methyl  5-nitrocoumarinate.  The  substance  crystallises  from  alcohol 
in  colourless  needles,  melting  at  125°: 

0-3010  gave  0-2760  AgBr.     Br  =  39-02. 

0-4020     „  12-5  c.c.  N2  at  25°  and  770  mm.     N  =  3-53. 
CigHigOsNBrg  requires  N  =  3-41;  Br  =  3893. 

The  author  desires  to  express  his  thanks  to  the  Research  Fund 
Committee  of  the  Chemical  Society  for  a  grant  which  has  in  part 
defrayed  the  expense  incurred  during  this  research. 
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CCXXII. — The  Influence  of  Solvents  on  the  Rotation  of 
Optically  Active  Compounds.  Part  XVI.*  The 
Relationship  hetiveen  the  Chemical  Constitution  and 
the  Influence  of  a  Solvent. 

By  Thomas  Stewart  Patterson  and  Elizabeth  Findlay 
Stevenson,  M.A.,  B.Sc,  Robert  Donaldson  Scholar  of  Glasgow 
University. 

The  results  which  have  been  presented  in  former  papers  have  made 
it  clear  that  the  rotation  of  ethyl  tartrate,  and  doubtless  also  of 
many  other  active  substances,  responds  in  a  remarkable  manner  to 
*  Part  XV.,  Trans.,  1909,  96,  1128. 
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differences  in  the  constitution  of  the  solvents  in  which  the  active 
compound  may  be  dissolved.  Thus,  in  p=5  solution  in  benzaldehyde, 
ethyl  tartrate  has  a  specific  rotation  of  about  +45°  (Trans.,  1909, 
95,  322),  whilst  in  heuzantiaAdoxime  at  about  the  same  concentration 
its  specific  rotation  is  approximately  —12°,  a  difference  of  57°. 
Not  only  can  actual  differences  of  composition  produce  such 
variations  in  rotation,  but  even  the  subtle  difference  of  constitution 
in  the  syn-  and  anti-oximes  can  readily  be  detected  in  this  way, 
whilst  other  methods  of  investigation,  absorption  spectroscopy,  for 
example  (Hartley  and  Dobbie,  Trans.,  1900,  77, 509),  fail  to  indicate 
any  dissimilarity. 

It  seems  therefore  possible  that  when  a  sufficient  amount  of 
orienting  work  has  been  done,  an  examination  of  the  solvent  effect 
of  a  given  substance  on  the  rotation  of  ethyl  tartrate  or  other 
suitable  active  compound  may  throw  valuable  light  on  the  con- 
stitution of  the  substance  in  question. 

In  our  opinion  the  mechanism  of  this  process  is  of  a  secondary 
character  ;*  that  is  to  say,  the  arrangement  and  relationship  of  the 
atoms  of  the  solvent  molecules  produce  a  liquid  which,  in  the  mass, 
has  at  play  within  it  certain  characteristic  forces,  and  an  active 
compound  dissolved  in  this  liquid,  coming*  under  the  influence  of 
these  forces,  has  its  configuration  and  consequently  its  rotation 
altered  as  the  result.  The  change  of  rotation  is  thus  only  an 
indirect  effect  of  the  chemical  constitution  of  the  solvent.  In  the 
first  paper  of  this  series  the  suggestion  was  made  (Trans.,  1901, 
79,  188)  that  the  proximate  cause  of  solvent  influence  on  rotation 
was  that  property  of  liquids  known  as  internal  pressure,  and  that 
variation  of  internal  pressure  from  solvent  to  solvent  might  be 
indicated  by  variation  of  the  solution-volume  of  the  dissolved  sub- 

*  As  an  instance  of  a  primary  effect  we  may  cite  absorption  spectra.  If  it  be  the 
case,  as  seems  generally  to  be  held,  that  absorption  bands  are  caused  by  vibrations 
inside  the  molecule  which  absorb  light  energy,  then  such  an  effect  would  be  of  a 
primary  character,  since  it  is  directly  transmitted  to  the  medium  in  which  it  is 
observed.  In  regard  to  a  primary  effect,  no  two  chemical  compounds  are  likely  to  be 
absolutely  identical,  in  much  the  same  way  that  no  two  elements  appear  to  have 
spectral  lines  in  common,  but  substances  of  analogous  composition  will  probably 
produce  closely  similar  effects.  On  the  other  hand,  however,  two  substances  entirely 
dissimilar  might  quite  well  produce  exactly  the  same  secondary  effect,  just  as  a 
given  strength  of  pull  might  be  exerted  either  by  a  spring  or  by  a  system  of 
gyroatats,  that  is,  in  two  very  different  ways.  The  boiling  point  of  a  liquid 
is  a  constitutive  property  of,  at  least,  the  second  order,  so  that  the  same 
boiling  point  may  be  common  to  liquids  having  no  chemical  similarity.  The 
melting  point  of  a  compound  is  a  constitutive  property  of  a  higher  onler  than  the 
second.  It  is  easy  to  see  that  the  higher  the  order  the  more  difficult  it  will  be  to 
interpret  the  effect,  and  jthis  acconnts  for  the  striking  failure  to  deduce  any 
relationship  between  the  simplest  of  physical  properties,  like  boiling  point,  and 
especially  melting  point,  and  chemical  constitution. 
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stance.  It  was  also  suggested  that,  since  in  solutions  of  finite 
concentration  the  total  volume  change  is  doubtless  shared  in  by 
both  constituents  of  the  solution,  it  might  be  possible  to  correlate 
with  rotation  values,  values  of  molecular  solution-volume  calculated 
for  infinite  dilution,  the  assumption  being  made,  as  a  first 
approximation,  that  in  very  dilute  solution  the  change  of  volume 
due  to  solution  might  be  ascribed  entirely  to  the  solute.  It  is  clear 
to  us  now,  however,  that  this  is  an  untenable  assumption,  although, 
of  course,  in  some  cases  it  may  closely  represent  the  truth,  and  thus 
account  for  certain  regularities  which  were  observed;  in  general, 
it  could  only  be  substantiated  by  a  strict  correspondence  between 
experiment  and  theory,  a  correspondence  which  does  not  exist.  A 
definite  decision  as  to  the  existence  of  a  relationship  between  rotation 
and  solution-volume  must  be  deferred  until  some  method  has  been 
found  of  determining  the  true  volume  of  the  different  constituents 
of  a  solution. 

Some  papers  have  recently  appeared  in  which  questions  regarding 
internal  pressure  are  discussed.  Winther,  in  a  number  of  valuable 
papers  {Zeitsch.  physikal.  Chem.,  1907,  60,  594,  651,  685),  has 
attempted  to  carry  the  relationship  between  rotation  and  internal 
pressure  much  further  than  Patterson.  Dawson  (this  vol.,  p.  1041) 
draws  the  conclusion  that  there  is  no  connexion  between  internal 
pressure  and  solution-volume,  but  that,  nevertheless,  internal 
pressure  and  rotation  may  be  correlative.  His  experiments  point, 
he  considers,  to  the  existence  in  solutions  of  compound  molecules  of 
solvent  and  solute.  On  the  other  hand,  Scheuer  {Zeitsch.  physikal. 
Chem.,  1910,  72,  513),  setting  out  with  the  view  that  the  existence 
of  such  compounds  is  highly  probable,  was  unable  to  find  any 
evidence  of  their  formation  after  a  very  complete  and  interesting 
examination  of  the  melting-point  curves,  the  volume  relationships, 
the  viscosity,  the  rotation,  and  the  dispersion  of  mixtures  of  diethyl 
diacetyltartrate  and  of  menthol  with  various  inactive  solvents. 
Amongst  other  less  probable  hypotheses,  Scheuer  therefore  also 
suggests,  like  Patterson  and  Winther,  that  rotation  changes  on 
solution  may  be  due  to  variation  of  internal  pressure  from  solvent 
to  solvent.  It  may  be  added  that  Grossmann  (Zeitsch.  fhysikal. 
Chem.,  1910,  73,  148),  using  light  of  various  wave-lengths,  has 
examined  the  rotation  of  ethyl  tartrate  in  a  number  of  solvents, 
almost  all  of  which  had  already  been  investigated  by  Patterson 
for  yellow  light.  Grossmann  is  of  opinion  that  his  and  other 
experiments  render  extremely  probable  the  existence  of  compound 
molecules  of  solute  and  solvent,  but  no  effort  whatever  is  made  to 
show  how  this  conception  would  explain  the  results  obtained. 

Other  attempts  to  establish  the  existence  of  compound  molecules 
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of  solvent  and  solute  in  solutions  have  been  no  more  successful. 
Armstrong  and  his  students  have  attacked  the  problem  in  various 
ingenious  ways  {Proc.  Roy.  Soc,  1906,  A,  78,  272;  1907,  A,  79, 
564,  etc.),  as  has  also  Philip  (Trans.,  1907,  91,  711),  but  further 
investigation  by  Usher  (this  vol.,  p.  66),  and  in  a  less  degree  by 
Findlay  and  Creighton  (this  vol.,  p.  536),  has  shown,  at  least,  that 
the  assumptions  made  in  the  particular  method  of  attack  are 
unwarranted. 

In  the  absence  of  satisfactory  proof  of  either  view,  it  appears 
to  us  that  the  purely  physical  conception  has  the  advantage  of 
simplicity,  and  ought  in  the  meantime  to  be  adopted.  In  seeking, 
therefore,  to  correlate  the  chemical  constitution  of  a  given  substance 
with  its  solvent  influence,  it  should  be  carefully  borne  in  mind  that 
solvent  influence  being  probably  at  lea-st  of  a  secondary  character, 
any  attempt  to  interpret  it  ought  to  be  made  with  particular  care. 

In  a  recent  paper  of  the  present  series  (Trans.,  1908,  93,  1838), 
a  commencement  was  made  in  the  direction  indicated,  when  it  was 
shown  by  one  of  us  that  the  solvent  influence,  on  the  rotation  of 
ethyl  tartrate,  of  disubstituted  benzenes  appeared  to  be  governed 
by  the  general  law  that  two  substituting  groups,  similar  or  dis- 
similar, when  in  the  ortho-position  cause  the  greatest,  and  when  in 
the  para^position  the  least,  rotation  in  the  dissolved  active  ester. 
This  behaviour  was  observed  in  regard  to  (1)  o-,  m-,  and  p-xylene; 
(2)  0-,  m-,  and  p-nitrotoluene ;  (3)  o-  and  m-dinitrobenzene ;  (4) 
a-  and  jS-nitronaphthalene;  (5)  2:  6-  and  2:  4-dinitrotoluene. 

"We  have  now  examined,  more  or  less  completely,  according  to 
circumstances,  the  following  solvents:  phenol,  anisole,  phenetole, 
diphenyl  ether;  o-nitrophenol,  o-nitroanisole,  o-nitrophenetole ; 
7/i-nitrophenoI ;  p-nitrophenol,  p-nitroanisole,  p-nitrophenetole ; 
catechol,  resorcinol,  quinol;  pyrogallol,  phloroglucinol ;  a-naphthol, 
)8-naphthol;  p-benzoquinone ;  and  also  o-,  m-,  and  /^-chloronitro- 
benzene. 

A  considerable  number  of  these  solvents  are  solids,  in  some  cases 

I  of  moderately  high  melting  point,  and  it  was  therefore  occasionally 
impossible  either  to  examine  dilute  *  solutions  at  all,  or  to  examine 
even  fairly  concentrated  solutions  satisfactorily  at  a  low  tem- 
perature, which  renders  it  difficult  to  institute  wide  comparisons 
between  the  data  obtained  for  different  solvents.  So  far  as  possible, 
however,  we  have  e.xtrapolated  from  our  data  to  20°,  a  standard 
temperature  adopted  in  previous  communications,  even  although 
many  of  the  solutions  could  not  possibly  be  examined  in  the 
polarimeter  at  that  temperature,  and  in  spite  of  the  fact  that  the 
requisite  extrapolation  entails  some  loss  of  accuracy.  In  other  cases 
*  With  reference  to  ethyl  tartrate. 


2114      PATTERSON    AND   STEVENSON:   INFLUENCE   OF  SOLVENTS 

comparison  has  been  made  at  such  temperatures  as  seemed  most 
convenient. 

Of  the  solvents  mentioned  above,  but  little  need  be  said  regard- 
ing the  three  last,  and  we  may  therefore  commence  with  them. 
Only  one  solution  in  each,  of  approximately  2?  =  25,  was  made  up 
and  examined  in  the  polarimeter  at  several  different  temperatures. 
As  in  this  case  it  is  only  the  relative  effect  of  the  0-,  m-,  and 
y-positions  that  comes  in  question,  it  is  unnecessary  to  extrapolate 
to  20°;  numbers  are  given  below  for  the  interpolated  temperature 
90°. 

Ethyl  Tartrate  in  o-,  m-,  and  ^-Chloronitroh  emene. 

Solvent.  M.  p.               p.  o^'  (100  mm.).  iJf°.* 

o-Chloronitrobenzene  32*5°  25733             +7-26  +28-2° 

w-Chloronitrobenzeue 44*4  28-43                  6-19  21-8 

p-Chloronitrobenzene 83-0  24-26                 3-8  15-7 

*  i?D  =  100  aojp  ;  it  does  not  dififer  much  from  specific  rotation. 

It  is  clear  that  in  this  set  of  compounds,  also,  as  in  the  others 
already  mentioned,  the  presence  of  the  two  substituents  in  the 
o-position  brings  about  a  much  more  powerful  solvent  influence 
than  in  either  of  the  other  two  positions. 

A  general  idea  of  the  behaviour  of  most  of  the  remaining  solvents 
examined  will  be  obtained  from  the  diagram,  which  represents  the 
effect  of  diluting  ethyl  tartrate  with  the  various  inactive  compounds 
mentioned  at  a  temperature  of  20°,  subject  to  the  limitations 
referred  to  above. 

Phenol  (m.  p.  42-5°). — Solution  in  phenol  very  greatly  modifies 
the  specific  rotation  of  ethyl  tartrate.  The  value  rises  from  +  7-8° 
in  the  pure  ester  to  +48-5°  at  infinite  dilution  in  phenol,  an 
increase  of  40'8°.  Since  benzene  itself  has  but  little  effect  (Trans., 
1902,  81,  1098),  it  is  clear  that  the  introduction  of  the  hydroxyl 
group  must  profoundly  modify  the  interatomic  forces  of  the 
molecule. 

Anisole. — The  replacement  of  the  hydroxy  lie  hydrogen  by  a 
methyl  group  brings  with  it  a  very  great  change  in  solvent  influence. 
The  specific  rotation  of  the  ethyl  tartrate  drops  to  +  6-8°  in  a 
p=25  solution,  that  is,  to  a  somewhat  lower  value  than  in  the 
homogeneous  ester.  It  will  be  noticed,  too,  that  the  shape  of  the 
concentration-rotation  curve  is  of  the  opposite  type  to  that  of  phenol, 
being  concave  to  the  point  of  origin  of  the  diagram,  in  such  a  way 
that,  starting  from  the  value  for  the  pure  ester,  the  rotation 
increases  slightly  on  dilution  with  anisole  to  reach  a  maximum 
value  of  about  +82°  between  p  =  50  and  60,  and  then  diminishes 
again  fairly  rapidly  to  about   +2-5°  at  infinite  dilution. 

rhenetole. — In  comparison  with  the  difference  between  phenol 
and   anisole,   that   between   anisole    and   phenetole  is  slight.     For 
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p  =  25  solutions  the  rotation  values  are  much  alike  (anisole,  +6*8°; 
phenetole,  +  7-32°),  but  it  will  be  noticed  that  in  regard  to  the  form 


Fig.  1. 
Concentration-rotation  curves  for  ethyl  tartrate  in  various  solvents. 
+  50' 


20  40  60 

Concaitration  (p). 

of  the  concentration-rotation  curve  these  two  solvents  differ,  and 
at  infinite  dilution  the  values  for  the  rotation  of  the  dissolved 
ester  are  much  more  divergent   (+25°  and   +7-3°   respectively). 
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The  curve  for  phenetole  is  of  the  same  type  as  that  for  phenol; 
there  is  a  minimum  rotation  of  +  7°  at  ^^  =  50,  after  which  the 
rotation  rises  to  reach  the  value    +8°  at  infinite  dilution. 

Diphenyl  Ether  (m.  p.  28°). — Only  one  solution  was  examined  in 
diphenyl  ether,  of  2'  =  24'58.  Its  observed  rotation  at  20°  was 
1"95°,  which,  assuming  a  density  of  unity,  gives  a  specific  rotation 
of  +  7*93°,  about  one  degree  higher  than  that  in  anisole  and 
phenetole  at  the  same  temperature  and  concentration. 

These  results  seem  to  make  clear  the  fact  that  the  powerful 
influence  of  phenol  in  this  direction  is  to  be  attributed  neither  to 
the  oxygen  atom  of  the  molecule  nor  to  the  phenyl  group  or — in 
the  case  of  diphenyl  ether — groups,  but  rather  to  the  presence  of 
the  hydrogen  atom  of  the  hydroxyl  group. 

o-Nitrophenol  (m.  p.  45°). — Since  an  o-nitro-group  in  toluene  and 
other  monosubstituted  benzenes  produces  a  much  greater  increase 
of  solvent  influence  than  a  m-  or  a  p-nitro-group,  we  had  expected 
that  o-nitrophenol  would  have  a  greater  influence  than  phenol.  On 
the  contrary,  however,  the  rotation  at  infinite  dilution  (+17°), 
although  considerably  higher  than  that  of  homogeneous  ethyl 
tartrate,  is  much  below  the  rotation  in  phenol.  The  effect  of 
o-nitrophenol  in  this  respect  is  in  no  way  the  mean  of  the  effects 
of  nitrobenzene  and  phenol,  which  are  both  above  +40°.  The 
influence  of  the  substituents  is  thus  certainly  not  additive. 

The  concentration-rotation  curve  for  o-nitrophenol  is  a  straight 
line  or  nearly  so. 

o-Nitroanisole.- — The  exchange  of  the  hydroxylic  hydrogen  atom 
of  o-nitrophenol  for  a  methyl  group  brings  about,  at  infinite  dilution, 
a  considerable  increase — 19'5? — in  the  rotation  of  the  dissolved 
ester,  namely,  from  +17°  to  +36'5°. 

o-N itrophenetole. — In  o-nitrophenetole  the  concentration-rotation 
curve  is  very  similar  to  that  for  the  corresponding  methyl  ether, 
but  lies  wholly  below  it.  At  infinite  dilution  the  rotation  would 
be   +27°. 

There  is  thus  between  phenol  and  its  ethers,  on  the  one  hand, 
and  o-nitrophenol  and  its  ethers  on  the  other,  a  relationship  of  an 
inverse  character  when  the  solvent  effects  at  infinite  dilution  are 
considered.  In  the  former,  the  high  rotation  brought  about  by 
phenol  gives  place  to  a  low  rotation  in  anisole,  and  rises  again 
somewhat  in  phenetole,  whilst  in  the  latter  compounds  the  com- 
paratively low  value  in  o-nitrophenol  rises  to  a  fairly  high  value  in 
o-nitroanisole,  to  fall  again  considerably  in  o-nitrophenetole. 

Y>-Nitro phenol  (m.  p.  114°). — Owing  to  the  higher  melting  points 
of  the  para-derivatives  of  phenol,  observations  could  not  be  made, 
in  this  series,  in  so  complete  a  fashion  as  in  others,  but  sufficient 
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data  have  been  obtained  to  elucidate  the  general  behaviour  of  the 
compounds  concerned.  In  ^^nitrophenol,  two  solutions  were 
examined  in  regard  to  rotation,  density  determinations,  however, 
being  omitted.  In  a  solution  of  p  =  4:7'S6  by  interpolation  from  the 
observed  data,  RT  =34-6°,*  whilst  for  p  =  24-98,  B'^"  =4:6"^,  whence 
at  infinite  dilution,  also  for  100°,  the  value  of  Bj^  would  be 
approximately  =  60°.  These  are  very  high  values,  and  they  increase 
as  the  temperature  falls,  so  that  at  20°  the  specific  rotation,  which 
in  this  case  would  have  a  slightly  lower  value  than  E^,  of  an 
infinitely  dilute  solution  of  ethyl  tartrate  in  ^^-nitrophenol  would 
probably  lie  at  about  +  75°.  ^Nitrophenoi  is  thus  considerably 
more  powerful  even  than  o-nitronaphthalene  or  o-dinitrobenzene, 
the  most  powerful  of  the  solvents  hitherto  examined.  But  owing 
to  the  extensive  extrapolation  requisite  in  this  case,  the  concentration- 
rotation  curve  for  p-nitrophenol  can  only  be  regarded  as  a  somewhat 
rough  approximation,  for  which  reason  it  is  shown  as  a  broken  line 
in  the  diagram. 

p-yitroaiiisole  (m.  p.  54°). — This  solvent  on  mixture  with  ethyl 
tartrate  causes  a  gradual  and  comparatively  slight  increase  of 
specific  rotation.  For  a  solution  of  /)  =  53'84,  [o]d  =  + 12'5°.  By 
extrapolation  of  the  observed  readings  for  a  p  —  2Q'08  solution,  the 
value  at?  (100  mm.)=+5'l°  is  found.  Assuming  a  density  of 
1'2,  which  would  certainly  not  be  far  from  the  truth,  the  specific 
rotation  at  infinite  dilution  would  have  a  value  of,  approximately, 
+  21°. 

p-Nitrophenetole  (m.  p.  60°). — Solutions  of  2^  =  4966  and 
3J  =  24'37  were  examined  in  this  solvent.  The  specific  rotations  of 
these  at  20°,  assuming  a  density  of  12  in  each  case,  would  be 
nearly  +  8°  and  + 10°.  With  increasing  dilution,  therefore,  the 
rotation  of  the  dissolved  ethyl  tartrate  increases,  although  only 
slowly,  to  reach  a  value  of  about  +13°  at  infinite  dilution. 

m.-Nitro'phenol  (m.  p.  96°). — Only  one  solution — /?  =  49*76 — was 
examined.     Its  behaviour  is  referred  to  below. 

2:  4i-Dinitrophenol  (m.  p.  1145°). — We  also  examined  one  solu- 
tion (p  =  75'15)  in  this  substance.  Its  rotation  was  somewhat  lower 
than  that  of  an  equally  concentrated  solution  in  o-nitrophenol. 

General  Discussion  of  the  Foregoing  Results. 

1.  We  may  examine  first  the  solvent  influence  of  phenol  and  ita 
three  nitro-derivatives,  which  will  be  best  accomplished  by  con- 
sidering the  observed  rotations  for  p  =  50  solutions  at  a  temperature 
of  70°: 

•  See  note  on  p.  2113. 
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Solvent.  p.  0^°°  (100  mm.).  Difference. 

o-Nitrophenol    51-13  +   93°  ^.^o 

Phenol    48-2  ll'S  ^.^ 

m-Nitiophenol 4976  15-3  1? 

^-Nitrophenol   47-86  17-7 

The  influence  of  phenol  is  diminished  2-5°  by  the  introduction 
of  a  nitro-group  in  the  o-position ;  it  is  raised  3-5°  by  a  nitro-group 
in  the  m-position  and  by  a  further  2-4°  if  the  nitro-group  be  in  the 
2?-position,  a  behaviour  which  is  thus  just  the  opposite  of  that 
observed  in  other  cases  of  ortho-,  meta-,  and  para-isomerism. 

2.  Comparing  the  behaviour  of  phenol,  o-nitrophenol,  and  p-nitro- 
phenol  with  that  of  their  respective  ethers,  it  is  to  be  noticed  that 
the  very  great  solvent  influence  of  phenol  disappears  almost  entirely 
in  anisole,  phenetole,  and  diphenyl  ether,  and  that  in  a  similar 
manner  the  very  powerful  effect  of  j^'^^i^^op^^nol  is  greatly 
diminished  in  its  methyl  and  ethyl  ethers,  and  by  an  approximately 
equal  amount  in  the  two  cases,  some  50°.  On  the  contrary,  how- 
ever, the  comparatively  feeble  effect  of  o-nitrophenol  is  quite  con- 
siderably raised  in  its  ethers.  Thus  phenol  and  ^^nitrophenol 
appear  to  behave  in  an  analogous  manner,  and  to  differ  from 
o-nitrophenol,  as  is  shown  in  the  table  below. 

Rotation  of  Ethyl  Tartrate, 


§       S=-3-2 
o       ■— '  >2^ 

Phenol    +48-5° 
Anisole   -t-   2-5 


5a 

s 

-f-46° 


Pi  i„'3.2       £ 

2J-Nitropherol   -1-75°    ,ka° 
^-Nitroanisole   -t-21 


C3  .T^    O  Q^ 

o-Nitrophenol   -1-17°        iq-»"= 
o-Nitroanisole   +36  "8 


3.  As  shown  in  the  following  table,  o-nitroanisole  has  a  greater 
solvent  influence  than  y-nitroanisole,  and  o-nitrophenetole  a  greater 
effect   than  y-nitrophenetole,    and    by    almost    the    same    amount. 


Rotation  of  Ethyl  Tartrate. 


Solvent. 

1«]f 
Infinite 
dilution. 

Difference. 

Solvent. 

InBnite 
Dilution.  Difference 

o-Nitroanisole  .. 
p-Nitroanisole .. 

-t-36-8° 
21  0 

15-8° 

o-Nitro])henetole  . 
^-Nitrophenetole  . 

■     +27°            140 
13              ^* 

Although,  therefore,  the  behaviour  of  the  nitrophenols  is  unusual, 
inasmuch  as  the  two  substituting  groups  produce  the  greatest 
solvent  effect  when  in  the  2>-position,  and  least  when  in  the  o-position, 
this  exceptional  behaviour  does  not  extend  to  their  ethers,  which 
exhibit  the  regularity  previously  described  for  the  chloronitro- 
benzenes  and  a  number  of  other  substances. 
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4.  It  is  of  interest  to  compare,  so  far  as  is  possible,  our  present 
results  with  some  obtained  by  other  methods  having  a  similar  aim. 
E.  C.  C.  Baly  and  Miss  Ewbank  (Trans.,  1905,  87,  1315)  have 
described  the  absorption  curves  for  phenol,  anisole,  and  phenetole. 
They  point  out  that  the  curves  for  the  ethers  are  identical,  and 
that  they  differ  in  one  particular  *  from  that  of  phenol  itself. 
This  agrees  roughly  with  what  we  have  found,  for,  although  the 
concentration-rotation  curves  for  anisole,  phenetole,  and  diphenyl 
ether  are  certainly  not  identical,  still,  in  respect  to  the  magnitude 
of  their  effect  when  compared  with  phenol,  they  are  much  alike. 
That  for  phenol  differs  very  markedly. 

We  had  also,  during  the  course  of  this  research,  compared  our 
results  with  the  absorption  curves  given  by  Baly,  Edwards,  and 
Stewart  (Trans.,  1906,  89,  512)  for  the  nitrophenols  and  their 
ethers,  but  in  a  more  recent  paper  Baly,  Tuck  and  Marsden  (this 
vol.,  p.  571)  have  explained  the  anomalous  character  of  one  earlier 
experimental  result  f  as  being  due  to  solvent  influence,  and  have 
considerably  altered  the  theoretical  views  formerly  held.  They  have 
rejected  the  idea  of  the  existence  of  a  quinonoid  structure,  not  only 
in  the  free  nitrophenols,  but  also  in  their  alkali  salts,  and  they 
draw  the  conclusion  that  o-nitrophenol  and  o-nitroanisole  are 
similarly  constituted,  the  same  holding  for  the  meta-  and  para- 
compounds. 

It  may  be  pointed  out  that  our  results,  if  it  be  legitimate  to 
compare  them  with  those  of  Baly,  are  not  in  agreement  with  this 
conclusion,  since,  as  stated  above,  phenol  and  p-nitrophenol  are 
related  to  their  ethers  in  a  similar  manner,  the  solvent  influence  of 
the  phenols  being  much  greater  than  that  of  the  ethers,  whereas 
the  opposite  is  the  case  for  o-nitrophenol  and  its  ethers.  The 
ethers  of  phenol,  o-nitrophenol,  and  p-nitrophenol,  however,  behave 
normally  amongst  themselves.  It  might  therefore  be  concluded 
that  phenol  and  p-nitrophenol  are  similar  in  structure  and  different 
from  o-nitrophenol,  but  that  the  ethers  are  all  of  analogous 
constitution. 

The  data  which  we  have  obtained  in  the  examination  of  a  number 
of  polyhydroxy-benzenes  and  of  p-benzoquinone  may  be  dealt  with 
very  briefly.  In  the  table  below,  there  are  quoted  interpolated 
values  for  the  observed  rotation  at  100°  of  solutions  all  of  about 
the  same  concentration. 

*  We  are  not  aware  what  degree  of  importance  Profes«or  Baly  would  attribute  to 
this  difference, 
t  That  the  spectrum  of  o-nitroanisolo  differed  from  that  of  o-nitrophenol. 
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Rotation  of  Ethyl  Tartrate. 

Solvent.  p.  oiw^ClOOmm.). 

Benzene    75-199  +10-9°* 

Phenol 74-39  13-82 

Catechol    74-81  13-45 

Resorcinol 74-10  16-55 

Quinol 74-47  1760 

Pyrogallol 74-93  13-25 

Phloroglucinol 74-33  17-20 

i>-Benzoquinone   74-98  10-90 

*  By  extrapolation  from  figures  given  in  Trans.,  1902,  81,  116. 

On  account  of  the  rather  high  melting  points  of  these  substances, 
only  one  concentrated  solution  in  each  was  examined. 

Catechol,  Resorcinol,  Quinol. — The  first  hydroxyl  group  intro- 
duced into  the  benzene  ring  produces  a  considerable  increase  of 
solvent  influence.  A  second,  however,  in  the  o-position  to  the  first, 
instead  of  causing  a  further  increase,  brings  about  a  slight 
diminution  of  less  than  half  a  degree.  In  the  m-position,  on  the 
other  hand,  an  increase  of  nearly  three  degrees  results,  whilst  in 
the  ^-position  the  increase  is  almost  four  degrees. 

Pyrogallol,  Phloroglucinol. — The  behaviour  of  these  two  solvents 
is  in  remarkably  close  accordance  with  what  might  now  be 
expected.  The  three  hydroxyl  groups  in  the  vicinal  position  in 
pyrogallol  bring  about  a  small  diminution  as  compared  with  catechol, 
whilst  in  the  w-position  in  phloroglucinol  there  is  a  considerable 
increase  as  compared  with  resorcinol.  It  is  thus  quite  clear  that 
two  hydroxyl  groups  have  least  effect  in  the  o-position  and  most 
in  the  j^-position,  a  behaviour  which  is  thus  similar  to  that  shown 
by  a  nitro-group  and  a  hydroxyl  group  when  present  together  in 
the  benzene  ring,  but  opposite  to  that  which  is  characteristic  of  two 
nitro-groups,  two  methyl  groups,  or  a  methyl  group  and  a  nitro- 
group. 

p-Benzoquinone  (m.  p.  166°). — J^Benzoquinone,  in  a  solution  of 
approximately  the  same  strength  as  for  the  polyhydroxy-benzenes, 
caused  for  a^^  the  value  + 10-9°,  a  considerably  lower  rotation 
than  is  produced  by  phenol  or  catechol.  It  might  therefore  be 
argued  that  a  quinonoid  structure  of  the  solvent  causes,  in  ethyl 
tartrate,  a  lower  rotation  than  a  simple  phenolic  constitution,  and 
that  therefore  the  low  rotation  produced  by  o-nitrophenol  as  com- 
pared with  phenol  and  y-nitrophenol  may  be  due  to  a  quinonoid 
structure  for  the  o-nitrophenol.  We  would  not  venture,  of  course, 
on  this  slight  evidence,  to  draw  any  definite  conclusion,  but  the 
fact  is  worthy  of  consideration  along  with  others  bearing  on  the 
question. 

o-  and  fi-NapJtthol  (m.  p.  94°  and  122°). — We  also  examined  one 
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solution  each  in  o-  and  )3-naphthol.  In  the  former,  R'^^'  (7;  =  25  24)  = 
+  29-7°,  and  in  the  latter,  i^^*  0  =  29-01)  =  +  43-8°.  The  difference 
is  thus  very  considerable,  and  since  the  o-compound  may  be  regarded 
as  an  o-hydroxy-  and  the  ^-compound  as  a  m-hydroxy-derivative 
of  benzene,  the  behaviour  of  these  two  solvents  is  strictly  in 
accordance  with  that  of  the  other  phenols  dealt  with  above. 

Influence  of  Change  of  Temperature. 

With  regard  to  the  influence  of  change  of  temperature  on  the 
rotation  of  these  solutions,  but  little  need  be  said,  since  the  behaviour 


Fig.  2. 

Temperature-rotation  curves  for  ethyl  tartrate  in  various  solvents 
(p  =  approximately  75  in  each  case). 


+  20 


observed  has  been  entirely  in  agreement  with  what  has  been  dis- 
covered in  other  cases.  The  effect  of  rise  or  fall  of  temperature  is 
a  function  of  the  value  of  the  rotation  at  the  temperature  chosen. 
If  the  rotation  at  T°  be  above  a  certain  critical  value  for  that 
temperature,  a  value  which  can  be  fairly  definitely  stated,*  then 
heating  above  T°  will  cause  fall  of  rotation,  whereas  if  the  rotation 
be  below  the  critical  value,  further  heating  will  bring  about  increase 
of  rotation.     The  temperature-rotation  curves  in  Fig.  2   illustrate 

*  For  20°,   for  example,    this  critical  v.ilue   for    specific    rotation    lie*    about 
+  18°  to  +20°. 
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this  point.  The  rate  at  which  the  rotation  increases  with  rise  of 
temperature  in  pyrogallol  (2?  =  74" 93)  is  greatfer  than  that  in  catechol 
solution  of  about  the  same  concentration,  in  agreement  with  the 
fact  that  the  rotation  in  the  former  solution  is  less  than  in  the 
latter.  In  phenol,  with  its  greater  solvent  influence,  the  rate  of 
increase  of  rotation  is  less  than  in  catechol.  In  resorcinol  there  is 
at  first  an  increase  of  rotation  and  then  a  diminution,  a  maximum 
rotation  occurring  at  a  temperature  of  about  60°.  This  maximum 
rotation  is  therefore  the  critical  value  at  60°.  Our  data  for 
phloroglucinol  are  rather  scanty,  but  it  is  practically  certain  that 


Fio.  3. 
Temperature-rotation  curves  for  ethyl  tartrate  in  various  solvents. 
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this  solvent  would  show  a  similar  behaviour,  and  therefore  that  a 
maximum  rotation  probably  occurs  at  a  lower  temperature  than 
60°.  In  quinol  only  a  fall  of  rotation  was  observed,  but  there  is 
doubtless  a  maximum  rotation  somewhere  about  the  temperature 
40°,  which  would  have  a  greater  value  than  the  maximum  in 
phloroglucinol  or  in  resorcinol.  The  critical  value  of  the  rotation 
is  higher  the  lower  the  temperature  at  which  it  occurs. 

The  above  remarks  apply  equally  to  the  behaviour  of  o-  and 
)3-naphthol  and  the  nitrophenols.  In  phenol  itself  it  may  be  noted 
that  whilst  the  temperature-rotation  curyes  for  solutions  of  high 
concentration  are  concave  to  the  point  of  origin  of  the  diagram. 


I 
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that  for  a.  p  —  50  solution  is  almost  a  straight  line  but  with  a  slight 
convexity,  which,  as  the  solutions  are  diluted,  becomes  gradually 
more  pronounced.  This  resembles  the  behaviour  of  quinoline 
(Trans.,  1909,  95,  323),  and  it  is,  of  course,  possible  that  others  of 
the  solvents  we  have  dealt  with  would  show  the  same  behaviour  in 
solutions  more  dilute  than  those  we  have  investigated. 

The  experiments  recorded  in  this  paper  seem,  we  think,  to  justify 

the  conclusion  that  the  chemical  constitution  of  a  solvent  is  not 

merely  reflected — which,  of  course,  it  must  be — but  is  reflected  in  a 

comparatively  simple  manner,  in  the  influence  of  that  solvent  on 

the  rotation  of  dissolved  ethyl  tartrate,  and  that,  conversely,  this 

method  might  be  used  for  the  investigation  of  chemical  constitution. 

The  method  differs  from  that  of  refractive  index  and  of  magnetic 

rotation,  inasmuch   as  it  does  not  seem  possible  to  calculate  any 

constant  increment  or  decrement  for  a  given  group  of  atoms,  for  a 

single  atom  or  for  a  difference  in  the  linking  of  an  atom  in  the 

molecule,  but  these  are  certainly  indicated  qualitatively.     There  is 

perhaps    a    closer    connexion    between    the    phenomena   we    have 

described  and  those  of  absorption  spectroscopy.     So  far  as  we  are 

able  to  judge,  knowing  only  one  of  these  methods  intimately,  the 

solvent-influence  of  a  compound  on  the  rotation  of  ethyl  tartrate 

affords    a   more   delicate    criterion   of    chemical    constitution    than 

either  of  the  others,  as  witness,  for  example,  the  effect  of  ortho-, 

meta^,    and    para-isomerism,    the    difference   between    phenol    and 

anisole,  and   especially  the  difference  between  the   s^ti-  and  anti- 

oximes.     We  hope  to  describe  the  further  study  of  the  subject  iu 

future  papers. 

Experimental. 

Ethyl  Tartrate  in  Various  Solvents. 

o-Chloronitrobenzene. 
p  =  25-73: 

«    24-7''         30-56°  40-55''  49-2°  58"  82-9'' 

a|,  (100  mm.)...     77  7-654  7-638  761  7-5  7-33 


p  =  28-43: 


m-Ghloronitrob  enzene. 


t    36-9°  52-2''         77-4°  89  7"*  105-2* 

a„  (100  mm.)  ...     5-754  59  6125  6046  6  236 


p  =  24-26: 


p-Chloronitrobenzene. 


t    82-r  105-2° 

«'  (100  mm.) ...     3-735  388 


117* 

128- 2' 

147-1" 

4-098 

4-106 

412 
a  Z.  2 
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Ethyl  Tartrate  in  Various  Solvents  (continued). 

Phenol. 

I.  2)  =  14-79: 

t    20°  30-75°           52-3°             69'5°             92-4° 

o'j,  (100mm.)...  —  +5-695         +4-885         +4-525            4-085 

[a]«„ +38-5      +35-47         +30-96         +29-10  26-85 

II.  2?  =  23-85: 

t 18-8°           20°  32-4°       41-9°       53-5°       655       969°     130-4'' 

o|«(100mm.)...    +9-039         —  8-445       8-031       7-586       7-23       6-345       5-666 

WJ, 34-25       +34-2     3232       30-98       29-55       28-42     25-7        23-65 

III.  2?  =  48-2: 

t  19*  20°            39°            65-2°         92-3°       140-6° 

a^  (100mm.)...    +13-124  —           1264         11-95         1127         1015 

[o]J, 23-99  23-94        23-44        22-62        21-83        20-54 

IV.  2^  =  64-78: 

t  20°  20-9°           64-9°         100-3°         126° 

a'„(100mm.) —  12-853         13-309         13-058         12-7 

[o]^ 17-05  17-10          18-38          18-78          18-52 

V.  2?  =  74-39: 

t  18-75°  20°              53-5°          76-5°          89-7* 

o«^(100mra.) 11-99  —                13225        13  62          13-775 

a]'  13-78  13-82          15  60          16-38          16-76 

VI.  p  =  79-24: 

t  19-95°  20°              55-5°           87-1'         117-2° 

05,  (100  mm.) 11-485  11-534         13-248         14-018        14-209 

[a]^ 12-30  12-37           14-62           1590           1662 


Densities  Determined. 
IF. 


III. 


t. 

d. 

t. 

d. 

t. 

d. 

88-5° 

45-4 

66-4 

78-8 

1  -0787 
10725 
1  0539 
1-0431 

21-4° 

37-9 

58-2 

78-1 

99-8 

1-1050 
1-0903 
1-0721 
1-0538 
1-0332 

11-9° 

33-5 

46-5 

74-6 

99-2 

11404 
1-1252 
1-1133 
1-0878 
1-0640 

IV. 

V. 

VI. 

t. 

d. 

€ 

t. 

d. 

t. 

d. 

14-6° 
85-5 

55  8 
83-4 

1-1665 
1-1451 
11261 
1-0997 

16-1° 
28-7 
42-0 
64-7 

1-1766 
1  1635 

1-1499 
1-1284 

13-5° 
38-4 
68-4 
82  1 

11837 
11606 
11412 
11176 
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Ethyl  Tartrate  in  Various  Solvents  (continued). 

Anisole. 

I.  p  =  9-99: 

t 18-2° 

0*^(100     m.)    +   0-432 

WL    +   4-27 

II.  37  =  24-62: 

t 14-6°       20°     33-2° 

o'^  (100  mm.)...      +      1-602       —      2-06f 

; +      6-24         6-8     820 

III.  p  =  49-85: 

t 19° 

oj,(100mm.)    4-324 

WL 7-96 

Densities  Determined. 
I.  II.  III. 


20° 

27-3° 

35-2" 

— 

+   0-536 

+   0-622 

f4-5 

+   5-34 

+   6-25 

46-8° 

52-9° 

68-9°        72-8° 

2-428 

2  512 

2-952        3-012 

9  75 

10-15 

1211        1241 

20 

. 

30-6° 

— 

4-904 

8-1 

9-12 

t. 

d. 

17-5° 

1-0142 

25-4 

1  0064 

t.  d.                       t.  d. 

14-9°  1-0424  15-8°  1-0933 

32-5  1-0261  25-6  1-0835 

—  —                    45-5  10130  —  — 

—  —                    65-5  10033  —  — 

Phenetole. 

I.  p  =  9-99: 

t 19-5°        20°j        22-1°    .        27-1  36-5° 

o[,(100mm.) +   0-76  —  0-786  0-822        0*928 

[a]J, +  7-72  7-75        8-00  841  9-58 

II.  p  =  24-96: 

t 19-2°  20°  31-6  43-5  50-5 

a'„(100mm.)    ...  +   1-832  —  2-202            2-51            2-686 

[a\ +   7-23  7-32        8-79  1014  10-92 

III.  y  =  51-73: 

t 18-2°  20°  31-0° 

a'„(100mm.K +3-742  —  4432 

[a]J,    +   6-72  +6-86  8-05 

Densities  Determined. 
I.  II.  IN. 


t.  d.  t.  d.  t.  d. 

18-6°  0-9862  17-9'  1-0161  17-7°  1-0772 

25-8  0-9794  28-1  10071  265  r0683 

—  —  38-3  0-9969  —  — 

—  —  48-4  0-9869  —  — 
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Ethyl  Tartrate  in  Various  Solvents  (continued). 

Di-phenyl  Ether. 
p  =  24-58: 

t 18-7°  20"  51-8°  66-0°  76-3' 

0^(100  mm.)  +1-824  1-95  2'68  2-92  3-288 

o-Nitrojthenol. 

I.  2;  =  23-89: 

t 60-1°  81-4°  112-2° 

oj,(100mm.) +  4-82  4-972  5-007 

[a]J, +16-20  16-98  17-66 

II.  2?  =  51-12: 

t 56-8°  78-2°  97-3° 

o*  (100  mm.) +9-015  9-486  9-766 

[a\l  +14-31  15-35  16-08 

III.  2>=  74-95: 

t 16°  43-4°  87-3°  115-1° 

a^  (100  mm.)    +9-142        11-119  12-66  13-056 

[a]J, +9-74  12-14  14-38  14-21 

Densities  Determined. 

L  IL*  III. 

t.  d.  t.  d.  t.  d. 

47-7°  1-2603  56-8°  1-2323  12-5°  1-2558 

65-9  1-2416  78-2  1-2086  27-1  1-2385 

78-1  1-2295  97-3  1-1878  49-4  1-2164 

—  —  —  —  72-5  1-1910 

*  By  interpolation  from  the  determinations  for  the  other  two  solutions. 


I.  2^  =  9-79: 

0 

-Nitroanisole. 

t 

oj,  (100mm.)... 
roi' 

17-9° 
+   3-748 
+  30-7 

20° 
30-6 

34-5° 
3-548 
29-5 

43-3° 
3-490 
29-2 

53-2° 
3-354 
28  3 

62-8° 
3-26 

27-7 

n.  2>  =  21-17: 

t - 

0*^(100  mm.)  ... 

Wl  

17-4° 
6-666 
25-35 

20° 
25-3 

29-1° 
6-604 
25-4 

39-3° 
6-472 
25-1 

50° 
6-442 
25-2 

65-8' 
6-324 

24-8 

Densities  Determined. 
I.  II. 


t. 

d. 

t. 

d. 

17-7° 

1-2471 

14-9° 

1-2442 

33 

1-2319 

35 

1  -2237 

42-9 

1-2219 

53-2 

1-2053 

69-7 

1-2050 

66-4 

1-1919 
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I.  p  =  25-09: 

t 

a^(100  mm.). 
[< 


Ethyl  Tartrate  in  Various  Solvents  (continued). 
o-Niircphenetole. 


n.  p  =  39-43: 

t 

o^  (100  mm.)... 
[<  


t. 

17-r 

83-4 
40-4 
54-3 


18-4° 
+  5 -69! 
+  19-11 


20" 
19-2 


30-6° 
5-812 
19-7 


15-9° 
+   7-252 
+  15-41 


20' 
16-75 
Densities  Determined. 


25-1° 
7-544 
16-16 


d. 
1-1896 
1-1734 
1-1659 
1-1524 


t. 

14-6° 
25-9 
33-3 
41 


p-Nitrophenol. 


53-3° 
6-906 
20-41 


29-1° 
7-57 
16-27 


66-5' 
6-896 
20-6 


42° 
7-848 
17-06 


IL 


d. 
1-1948 
1-1833 
1-1757 
1-1680 


y  =  24-98: 

t 106-9° 

0^(100  ram.)  +   11-262 

i2'     +   4509 


120° 
10-646 
42-62 


2? =47-86: 

72-6°  94-5° 


+  17'624 
+  36-82 


16-878 
35-27 


105-7° 
16-274 
34-0 


^-Nitroanisole. 
p  =  26-08: 

t 520°  55-8°  64-8° 

a*  (100  mm.) +   6082  625  6-515 


p  =  53-84: 

t 

a«^  (100  mm.)... 

K. 


35-1° 

+  8-876 
+  18-63 


20' 
+  12-5 

Densities  Determined. 


44-4° 
9-198 
14-23 


35-1° 
1-2101 


41-4° 
1-2038 


73-6° 
6-075 


51-3° 
9-376 
14-68 


77° 
6078 


67-6° 

9-64 

14-91 


48° 
1-1974 


57-2' 
1-1883 


]p-Nit  roph  enetole. 


t 


p  =  24-37 


60-1° 


a*  (100  mm.)  ...    +3-88 


57-3°       67-3°     82-5° 
3-995      4-21       4-345 


p  =  49-66: 

49-4°        54-4°     66-6' 
+  6-476      6-73      7175 


ra-Nitrophenol. 


p  =  49-76: 

t  

a'p  (100  mm.) 

35-4° 
.     +15-5 

41-4° 
15-68 

50-3" 
15-665 

67-7' 
15  55 

69-7* 
7-28 
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Ethyl  Tartrate  in  Various  Solvents  (continued). 

2 :  4:-Dinitrophenol  (m.  p.  114*5°). 
y  =  75-15: 

t 84-5°  107°  121-5'' 

o'' (100  mm.)    +10-696  11-272  11564 

Catechol. 
jt)  =  74-81  : 

t  41-4''  68-9"  94-3°  103-7° 

aJ^ClOOmm.) +12-12  13*04  13*40  13-63 

Eesorcinol, 
2>  =  74-12: 

t  15-9°  47-7°  74-3°  104-2° 

oj^(100mm.) +16-25  16-86  16-89  16*644 

Quinol. 
2?  =  74-47: 

t   70-3°  105°  1365° 

a^  (100  mm.) +18-1  17-5  16-53 

Pyrogallol. 
2J  =  74-93: 

t 49-5°  78-9°  1086° 

a(,(100mm.) 11-884  12-868  13-344 

Phloroglucinol. 
y  =  74-33: 

t    69-5°  93-6"  104-1° 

0^(100  mm.) +17  48  17-43  17-10 

a-Naphthol. 
p  =  25-24: 

t   105-6°  121-5° 

a^  (100  mm.) +7-276  6-732 

fi-Naphthol. 
p  =  29-01: 

t 132-7°  150° 

oj,(100mm.) +10-92  +9988 

"p-Benzoquinone. 
y  =  74-98: 

t   87*5°  115°  122-9° 

a;(i6bmm.) +10-804  10-968  11-128 

The  Univrusity, 
Glasgow, 
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CH2  CH 

CH2  C-CMeg-OH 


CCXXIII. — Experiments  on  the  Synthesis  of  the  Terpenes. 
Part  XIV.    Synthesis  ofd-  and  \-A^-m-MenthenoI(8), 
d\-^^-m-3Ienthenol{8)  and  their  Derivatives. 
By  William  Henby  Perkin,  jun. 
Of  the  six  possible  menthenols  of  the  meta-series,*   the  following 
four  have,  so  far,  been  synthesised : 

CMe  CHMe 

/% 
CH,  CH 

Ch"  CH-CMe./OH 

\/ 
CH2 

A^-(Dihydrocarvestrenol) 
(Trans.,  1907,  91,  498.) 

CHMe 

/\ 
CHg  CHj 

CH2  C-CMeg-OH 

\^ 
CH 

(A^*)  (Trans.,  1905,  87,  1099; 
compare  tliis  vol.,  p.  1029.) 

The  present  communication  contains  an  account  of  the  synthesis 

of  the  remaining  two,  namely: 

CHMe 

/\ 
CH    CHo  CHo  CH« 

and 


CH2 

(Trans.,  1905,  87,  1101.) 

CMe 

^\ 
CH    CH2 

CHo  CH-CMeo-OH. 


CH2 

A*-(Dihy(iro!socarvestrenol). 
(Trans.,  1908,  93,  1887.) 


CHMe 


CH    CH-CMe2-0H 


CHo 


ch'  CH-CMe2-0H. 


CH 


(A*.) 


(A^) 


Of  the  former,  the  d-  and  I-  and  c?Z-modifi cations  have  been 
prepared,  whereas  of  the  latter  only  the  c?/-modification  was 
obtained,  and  that  in  very  small  quantity. 

A  short  time  since  (Trans.,  1909,  95,  1889),  Meldrum  and  Perkin 
showed  that  S-hydroxy-m-toluic  acid  is  reduced  by  sodium  and 
woamyl  alcohol  to  l-methylcycZohexan-5-ol-3-carboxylic  acid  t : 


COjH 


Me<^  ~\ 
OH 


CHMe<r^^2*^^^^^2^^>CH 
vyjiinevs.pp^  — CH(OH)-^      2» 


'CHo 


•  Menthenols  of  the  type  of  teq)ineol  are  here  referred  to. 

t  In  the  paper   referreil  to,  this  acid   was   called    "  l-methylcycZohexan-S-ol-S- 
carboxylic  acid,"  but  the  alteraativd  numbering  i^  more  suitable. 
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and,  in  the  present  communication,  it  is  shown  that  this  reduction 
may  also  be  effected  in  alcoholic  solution,  provided  that  the  alcohol 
has  been  completely  dehydrated  by  distillation  over  calcium. 

When  l-methylcyc^ohexan-5-ol-3-carboxylic  acid  is  treated  with 
hydrobromic  acid,  it  is  readily  converted  into  5-bromo-l-methyl- 
cycZohexane-3-carboxylic  acid,  and  the  ester  of  this  acid,  when 
digested  with  diethylaniline,  yields  a  mixture  of  the  esters  of  the 
acids : 

CHMe<^H^gi(CO,^^pg^  ^^^  CHMe<gg;-"H(CO,H)>cH 

l-Methyl-A^-c?/cZohexeue-3-  l-Methyl-A^-cj/cZohexcne-S- 

carboxylic  acid.  carboxylic  acid. 

and  these  acids,  of  which  the  former  is  produced  in  by  far  the 
larger  quantity,*  were  separated  by  the  fractional  crystallisation 
of  their  calcium  salts.  The  constitution  of  the  former  of  these 
acids  (A^)  was  demonstrated  by  the  examination  of  the  products  of 
the  oxidation  of  A5-m-menthenol(8)  obtained  from  its  ester  by  the 
action  of  magnesium  methyl  iodide  (p.  2132).  The  constitution  of 
the  other  acid  (A*)  was  proved  by  the  fact  that,  when  boiled  with 
concentrated  aqueous  potassium  hydroxide,  it  is  converted  into 
l-methyl-A^-cycZohexene-S-carboxylic  acid : 

CHMe<^-^2*C'{C02H  W  pj  „ 
^^xime\^jj^ CHg^^  "' 

the  iSy-unsaturated  acid  becoming  oj8-  in  the  usual  manner. 

Ethyl  c?Z-l-methyl-A5-cycZohexene-3-carboxylate  reacts  readily  with 
magnesium  methyl  iodide  with  the  formation  of  dl-A^-m-m^n- 
thenol{8)  (b.  p.  115 — 117°/30  mm.),  and  this,  when  boiled  with 
aqueous  oxalic  acid,  yields  c^Z-A^^^^^^J-wi-menthadiene  (b.  p. 
175—176°): 

CHMe<ggL2I^5^H)>CH3    and 

nHM.<gg2'CH(CMe:CH^^CH^ 

Under  similar  conditions,  ethyl  c?M-methyl-A*-cyc?ohexenecarb- 
oxylate  yields  A*-m-menthenol(8)  (b.  p.  115 — 117°/30  mm.)  and 
A*=8(9).^inenthadiene  (b.  p.  175—177°) : 

*  It  has  often  been  observed,  in  cases  where  two  isomeric  unsaturated  acids  are 
formed  by  the  elimination  of  hydrogen  bromide  from  a  bromo-acid,  that  vciy 
slight  changes  in  the  conditions  of  experiment  often  effect  in  a  remarkable  manner 
the  proportions  of  the  isomerides  produced.  Two  experiments  were  made  on  the 
elimination  of  hydrogen  bromide  from  ethyl  5-bromo-l-methylc!/cfchexane-3- 
carboxylatc  by  means  of  diethylaniline.  In  the  one  the  yield  of  1 -methyl- A-'-cj/f^ 
hcxene-3-carboxylic  acid  obtained  on  hydrolysis  was  5  per  cent.,  in  the  other, 
apparently  under  tho  same  conditions,  the  yield  was  less  than  1  per  cent, 
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CHMe<:^^2-CH(C0jEfc)j;,0jI  ^.j^jj^ 

'  CHMe<CH,-CH(CMe,-OHKcH    and 


CHMs<gg»-CH(CM^:Og£)>CH. 


Resolution    of     dl-l-Methyl-^^-cyclohexeneS-carboxi/lic     Acid     and 
Preparation  of  the  d-  and  l-Modifications  of  ^^-in-Menthenol(8). 

As  the  amount  of  pure  rfM-methyl-A5-cycZohexene-3-carboxylic 
acid  which  had  accumulated  during  these  experiments  amounted 
to  more  than  160  grams,  it  was  thought  that  it  would  be  interesting 
to  attempt  its  resolution,  and  then  to  convert  the  a<;tive  acids  into 
the  corresponding  menthenols  and  menthadienes.  This  was 
ultimately  accomplished  with  the  aid  of  either  Z-menthylamine  or 
quinine,  the  salt  produced  in  both  cases  being  the  salt  of  the  dextro- 
acid. 

The  Z-menthylamine  salt,  after  repeated  recrystallisation,  had 
[a]j)  — 1'7°,  and  from  this  salt  the  acid  was  regenerated  and  con- 
verted into  its  ester  and  the  corresponding  menthenol  and  terpene 
by  processes  already  described  in  the  case  of  the  dl-a.cid.  The 
observed  rotations  of  these  substances  may  be  conveniently  tabulated 
thus: 

[«]u. 

rf-1 -Methyl- A^-cj/cZ«hexene-3-carboxylic  acid   -f33*l* 

Ethyl  rf-1-methylci/cZohexenecarboxylate -f  30"5 

d-A»-m-Menthenol(8)   +36  7 

d-A5  «'»» -m-Meuthadiene  -f29'6 

After  the  d-SLcid  had  been  removed,  as  far  as  practicable,  by 
treatment  with  Z-menthylamine  and  quinine,  the  M-methyl- 
A5-cycZohexene-3-carboxylic  acid,  contained  in  the  mother  liquor  of 
these  salts,  was  nearly  pure,  since  its  rotation  was  [o]d  —  30"9°,  as 
compared  with  the  rotation  [o]jj  -f  331°  of  the  corresponding 
d-acid. 

From  this  ^acid  the  same  derivatives  were  prepared  as  in  the 
case  of  the  £?-acid,  and  these  and  their  rotations  may  again  be 
tabulated : 

M-Methyl-A^-(~yr/ohexeiie-3-carboxylic  acid     -30"9" 

Ethyl  M-niethylct/<?^ohexenccarboxylate  -27"4 

Z-A'-7n-Meuthenol(8)    -32-6 

/.A»  =  «<»,.-»»-Menthadiene -25-3 

The  constitutions  assigned  to  these  active  menthenols  and 
menthadienes,  and  indirectly  therefore  those  of  the  corresponding 
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inactive  substances  and  also  that  of  1 -methyl- A^-cycZohexene- 
3-carboxylic  acid,  were  proved  in  the  following  manner. 

Pure  c?-AS-77i'menthenol(8)  was  oxidised  with  permanganate  and 
then  with  dichromate  under  the  conditions  described  on  p.  2143, 
and  the  resulting  acid  converted  into  the  ethyl  ester,  which  was 
purified  by  fractional  distillation  under  diminished  pressure.  The 
ester,  Ci^^zo^i'  thus  obtained  distilled  at  188 — 190°/ 20  mm.,  and 
had  [o]j,  -18-7°. 

When  this  ester  was  hydrolysed,  it  yielded  a  mixture  of  two 
isomeric  lactonic  acids,  CioHjgO^,  which  melt  at  102°  and  136° 
respectively,  and  are  obviously  the  cis-  and  frans-lactones  of 
o-methyl-y-hydroxyisopropyladipic  acid : 

C02H-CHMe-CH2-CH(CMe2-OH)-CH2-C02H. 

The  formation  of  this  acid  by  the  oxidation  of  A5-m-menthenol(8) 
may  be  expressed  in  the  following  manner : 

CHMe  CHMe 


CH  CH2  __  COgH  CH2 

CH  CH-CMe2-0H       "^       CO.H  CH-CMeo-OH 

CH2  C'H2 


and  its  easy  conversion  into  the  lactone: 

CHMe 

/\ 
CO2H  CH2 

CH-CMe2 
/        >0 
CH2 — CO 

proves  that  the  menthenol  from  which  it  is  derived  must  have  the 
double  linking  in  the  A^-position,  since  the  dibasic  acid  which  might 
result  from  the  oxidation  of  the  menthenol  of  the  other  alternative 
constitution  (A*)  : 

CHMe  CHMe 


CH2    0^2  9'^2       V^2 

CH    CH-CMe^-OH       ~"^      COgH  CH-CMej-OH 

%/  / 

CH  CO2H 

would  hardly  be  expected  to  pass  into  a  lactone. 

The  oxidation  of  6?-AS-m-menthenol(8)  is  very  similar  to  that 
of  ordinary  terpineol,  which,  with  chromic  acid,  yields  methoethyl- 
heptanonolide  (I),  and  then,  with  hypobromite,  homoterpenylic  acid 
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(It)  (Wallach,  Ber.,  1895,  28,  1773;  Tiemann  and  Semmler,  ibid., 

2141): 

CMe  COMe  COgH 

/%  /  / 

CH^  CH  CH^  CH2 

CH2  CH,  CH2  CH, 


\  \ 

CH-CMcj-OH  CH-CMcj^  CH-CMej^Q 

CH2— CO-^  CH2— CO 

(I.)  (II.) 

A  similar  series  of  oxidations  carried  out  with  ?-A5-m-mentlienol(8) 
gave  again  the  ester,  C^^^O^,  of  the  mixed  lactonic  acids.  This 
had  [a]jj  +17'4°,  and  yielded,  on  hydrolysis,  the  cis-  and  trans- 
lactones  of  melting  points  102°  and  136°,  which  had  been  obtained 
from  the  c?-modification.  Moreover,  it  is  curious  that,  whilst  the 
ester,  C12H20O4,  was,  in  both  cases,  optically  active,  the  lactones 
obtained  on  hydrolysis,  although  they  still  contain  two  asymmetric 
carbon  atoms,  should  prove  to  be  inactive. 

These  oxidation  experiments  show  conclusively  not  only 
that  the  two  active  series  tabulated  on  p.  2131  represent  d-  and 
^-modifications  of  the  same  substances,  but  also  that  these  sub- 
stances have  the  constitutions  which  have  been  assigned  to  them. 

In  connexion  with  this  series  of  researches  on  the  synthesis  of 
the  terpenes,  there  is  one  point  of  importance  which  should  be  made 
quite  clear.  When  a  menthenol  is  S3mthesised  from  the  ester  of 
the  corresponding  acid  by  the  action  of  magnesium  methyl  iodide, 
for  example: 

_CMe2-0H  _CO,Efc 

Me<^^  ^"^^"^      ^^^\_y 

the  menthenol  which  is  obtained  is  quite  pure  and  homogeneous. 

When,  however,  water  is  eliminated  from  such  a  menthenol,  the 
resulting  menthadiene  is  probably,  as  a  rule,  not  a  homogeneous 
substance,  but  may  consist  of  a  mixture,  in  varying  proportions, 
of   the  isomerides: 

CMe:CH,  CMea 

Me/_)  "^    Me<(;j) 

and  possibly,  owing  to  intramolecvlar  change,  the  third  isomeride 
of  the  type : 

CHMej 

may    also   be    present.     It  is   well  known,    especially     from    the 
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researches  of  Wallach,  that  ordinary  terpineol,  on  treatment  with 
dehydrating  agents,  yields  not  only  dipentene,  but  also  terpinolene 
and  o-terpinene: 

Me/'"~NcMe,-OH      —>     Me^~^CMe:CH, 


Terpineol.  Dlpentene. 

Me/     ^:CMe2         and         Me/'     \cHMe2 
Terpinolene.  a-Terpinene, 

The  conversion  of  terpineol  into  terpinolene  appears  to  take 
place  most  readily  when  dilute  acids  are  used  as  the  dehydrating 
agent.  Thus,  Baeyer  (Ber.,  1894,  27,  447)  recommends  30  per 
cent,  oxalic  acid  as  the  best  reagent  for  converting  terpineol  into 
terpinolene. 

In  the  present  communication  it  is  stated  that  the  reagent  which 
was  found  most  suitable  for  the  elimination  of  water  from  A*-  and 
A5-m-menthenol(8)  was  6  per  cent,  oxalic  acid,  and  it  seems  therefore 
very  probable  that  the  products  obtained  in  each  case  may  be 
mixtures  of  at  least  two  menthadienes : 

_CMe2-0H  CMe:Cfl2  CMeg 

Me<      \  — >       Me<       >  and      Me/     "^ 


A''-m-Menthenol(8).  A^-^^^^-m-.  A^^^ts).^.. 

CMeg-OH  CMerCHg  CMoa 


Me<         >   ■  Me 


/' 


'K=. 


A5-m-Menthenol(8).  AS-S'S'-m-.  A'>=»(8)-m-. 

It  would  be  difficult  to  separate  and  identify  such  isomeric 
products  of  the  elimination  of  water  even  if  large  quantities  of 
the  menthenols  were  available,  and,  in  the  present  case,  where  the 
preparation  of  even  small  quantities  of  material  is  very  laborious, 
this  problem  cannot,  in  the  meantime,  be  solved.  It  has  therefore 
been  decided  to  retain  for  the  present  the  names  A^'^W-  and 
^.5:8(9).^.j^gnt,hadiene  for  the  hydrocarbons,  and  the  determination 
of  the  exact  nature  of  these  products  of  dehydration  must  be  left 
until  a  better  method  for  their  preparation  has  been  discovered. 
"When  larger  quantities  of  material  are  available,  an  effort  will 
also  be  made  accurately  to  determine  the  physical  constants  of  all 
the  substances  mentioned  in  this  paper. 

The  probability  that  substances  of  the  terpinolene  type  are 
frequently  produced  during  the  elimination  of  water  from  the 
menthenols  according  to  the  process : 

>CH-CMe./OH  — >  >0:CMp2 
suggests  an  explanation  for  some  of  the  remarkable  results  which 
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Lave  been  obt^ained,  more  particularly  during  the  course  of  the 
investigation  of  optically  active  menthenols  and  menthadienes.  In 
the  first  place,  it  is  important  to  note  that  the  above  process  cannot 
take  place  when  the  >CMe2"0H  group  is  attached  to   a  doubly 

linked  carbon  atom,  as  in  ^^C'CMe^'OH.  Apart  from  funda- 
mental intramolecular  change,  which  both  chemical  properties  and 
physical  measurements  show  to  be  most  improbable,  menthenols 
containing  this  grouping  can  only  yield   conjugated  menthadienes 

containing   the  grouping   ^C'CMelCHj,   and   there   can  be  little 

doubt  that  the  several  synthetical  menthadienes  of  this  type  which 
have  already  been  described  (compare  this  vol.,  p.  2154)  are  pure 
individuals. 

Some  time  since,  Kay  and  Perkin  (Trans.,  1906,  89,  840)  resolved 
</M-methyl-A3-cycZohexene-4-carboxylic  acid : 

CHMe<^g2^^>C-C02H 

into  its  active  constituents,  and  prepared  from  the  d-  and  /-acids, 
d"  and  Z-p-menthenol(8)  and  d-  and  /-A3:8>.9)-y-menthadiene: 

CHMe<^g2~^>C-CMe2-OH  and  CHMe<^^2-^^^>C'CMe:CH2 

in  the  usual  manner.  Taking  the  ^/-series  as  the  example,  the 
optical  activity  of  these  substances  may  be  conveniently  tabulated : 

[air.. 

<f-l-Methyl- A'-cycZohexene-4-carboxylic  acid -i-  lOri" 

Ethyl  d-\  -tnethylcj/ciohexenecarboxylate    +  86  5 

d-A^-|>-Menthcnol(8)  +67-0 

rf-A^'^^'-^j-Methadiene    J- 98-2 

It  will  be  observed  that,  in  this  case,  the  menthadiene  has  a  much 
higher  rotation  than  the  menthenol  from  which  it  is  produced  by 
the  elimination  of  water.  Subsequently  Fisher  and  Perkin  (Trans., 
1908,  93,  1872)  resolved  </M-methyl-Ai-cyc/ohexene-4-carboxylic 
acid : 

and  prepared  from  the  active  acids,  the  menthenols  (terpineols)  and 
menthadienes  (limonenes) : 

CMe<^|J~^{|2>C'CMe2-OH     and      CMe<^^~^22>c.CMe:CH2 

in  the  same  way.  Taking,  as  the  example,  the  /-series,  the  following 
values  were  observed  as  the  rotations  of  these  substances : 

[«]d. 

M-Metliyl-A'-^r/ohexene-4-carboxylic  acid    -  fiS* 

Ethyl  /-niethylr|/<-/ohexeDecarboxylato  -52 

/-A'-;)-Menthenol(8) -46-6 

;.A>:*<».p-MeDthadiene    -6"0 
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It  13  clear  that  the  relationship  between  the  values  for  the 
different  substances  given  in  this  table  are  very  similar  to  those 
shown  in  the  preceding  table,  with  the  exception  of  the  striking 
differences  in  the  rotations  of  the  menthadienes.  It  is  well  known 
that  the  active  limonenes  are  somewhat  easily  racemised  with 
formation  of  dipentene,  and  for  this  reason  we  were  careful  to 
conduct  the  elimination  of  water  at  the  ordinary  temperature  with 
the  aid  of  magnesium  methyl  iodide,  and  we  were  surprised  to  find 
that,  instead  of  obtaining  a  hydrocarbon  of  higher  rotation  than 
the  menthenol  (terpineol)  (Z-limonene  has  [o]jj  —120°),  the  rotation 
had  decreased  to  —5°.  No  doubt  this  result  was  partly  due  to 
racemisation,  because  we  were  able  to  show  that  the  substance 
contained  considerable  quantities  of  dipentene.*  But  it  is  very 
probable  that  the  low  rotation  is  also  due  to  the  hydrocarbon 
containing  considerable  quantities  of  terpinolene: 

Oivie-^^jj^.  (^  jj^/u.  <^ivie2 

which  is  of  necessity  inactive.  In  the  present  communication  it  is 
shown  that,  when  c?-AS-m-menthenol(8)  ([0]^  +  36*7°)  : 

is  digested  with  6  per  cent,  oxalic  acid,  the  resulting  £Z-A^  =  8(9). 
7n-menthadiene  ([aju  +29'6°): 

has  a  lower  rotation  than  the  menthenol  instead  of  a  higher  one, 
as  might  have  been  expected  from  the  experiments  of  Kay  and 
Perkin  just  referred  to.  This  would  seem  to  indicate  that 
this  terpene  may  contain  AS=3(8)-m-menthadiene: 

CHiMe<ggig<igMfj>>CH, 

and  the  rather  high  numbers  obtained  for  the  refractive  power  as  the 
result  of  preliminary  physical  measurements  seem  to  support  this 
view.  If  this  is  the  case,  one  of  the  asymmetrical  carbon  atoms  of 
the  menthenol  will  have  disappeared  during  the  formation  of  this 
substance  by  the  elimination  of  water,  and  this  may  be  the 
explanation  of  the  drop  in  the  rotation. 

*  As  the  presence  of  dipentene  was  only  proved  qualitatively,  the  statement  (loe. 
cit.,  p.  1873)  that  the  hydrocarbon  of  [o]o-5°  consisted  essentially  of  dipentene 
should  not  have  been  made,  and  is  probably  incorrect. 
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Experimental. 

Preparation   of   l-ifethyl-X^-cyclohexeneS-carboxyUc  Acid  and 
l-Metht/l-l*-cjclohexene-3-carboxi/lic  A cid. 

In  the  first  experiments  {Trans.,  1909,  95,  1897),  the  reduction 
of  5-hydroxy-m-toluic  acid  was  carried  out  in  tsoamyl-alcoholic 
solution  with  sodium,  but  it  was  subsequently  found  that  the  acid 
is  also  reduced,  although  with  some  diflBculty,  when  its  solution  in 
absolute  alcohol  *  is  treated  with  sodium.  The  pure  acid,  in 
quantities  of  50  grams,  dissolved  in  alcohol  (1250  grams)  was 
reduced  by  the  rapid  addition  of  sodium  (180  grams)  substantially 
in  the  manner  described  in  detail  in  the  case  of  the  reduction  of 
4-hydroxy-o-toluic  acid  (Trans.,  1909,  95,  1876).  After  extracting 
in  the  usual  way,  the  acid  was  reduced  a  second  time  under  the 
same  conditions,  and  in  all  about  1  kilc^ram  of  the  hydroxy-acid 
was  worked  up,  and  yielded  about  840  grams  of  reduction  product. 
This  acid  (which  consists  for  the  most  part  of  trans-l-raethjlcyclo- 
hexan-5-ol-3-carboxylic  acid,  compare  loc.  cit.,  p.  1891),  in  quantities 
of  50  grams,  was  mixed  with  three  volumes  of  fuming  hydrobromic 
acid  (saturated  at  0°),  and,  after  remaining  for  two  days  at  the 
ordinary  temperature,  the  liquid  was  heated  on  the  water-bath  for 
two  hours,  when  it  separated  into  two  layers.  The  product  was 
mixed  with  water,  extracted  twice  with  ether,  and,  after  drying  and 
evaporating,  the  crude  bromo-acid  was  digested  with  alcohol  (200 
c.c.)  and  sulphuric  acid  (20  c.c.)  for  four  hours  on  the  water-bath, 
and  then  left  for  twenty-four  hours.  On  adding  water,  the  heavy 
bromo-ester  was  precipitated,  and  was  extracted  with  ether,  the 
ethereal  solution  was  thoroughly  washed  with  water  and  dilute 
sodium  carbonate,  carefully  dried,  evaporated,  and  the  crude  ester 
heated  to  boiling  with  three  volumes  of  diethylaniline  for  eight 
hours.  Excess  of  dilute  hydrochloric  acid  was  then  added,  the 
unsaturated  ester  extracted  with  ether,  the  ethereal  solution  washed 
first  with  dilute  hydrochloric  acid,  and  then  with  sodium  carbonate, 
and  distilled  in  steam,  f 

The  volatile  ester  was  extracted  with  ether,  dried,  and  distilled, 
when  almost  the  whole  quantity  passed  over  at  140 — 150°/ 100  mm., 
and  weighed  710  grams.  In  order  to  avoid  any  possibility  of  intra- 
molecular change  (compare  p.  2146),  the  hydrolysis  of  this  ester  was 

•  Distillid  over  calcium,  see  footnote,  Trans.,  1909,  96,  1876. 

t  When  all  the  unsaturated  ester  liad  passed  over,  a  considerable  amoant  of  a 
viscid,  brown  residue  remained  in  the  distilling  flask.  This  wiis  extracted  with 
ether,  and  yielded  on  treatment  with  hydrogen  bromide,  diethylaniline,  etc.,  exactly 
as  described  above,  a  further  quantity  of  unsaturated  eater,  which  was  added  to  that 
obtained  as  the  result  of  the  6rst  operation. 

VOL.  XCVIl.  7   A 
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very  carefully  carried  out.  The  ester  was  gradually  mixed  with 
exactly  the  quantity  of  alcoholic  potassium  hydroxide  required  for 
hydrolysis,  the  addition  extending  over  about  a  week,  and  after 
remaining  for  ten  days  in  all,  at  the  ordinary  temperature,  water 
was  added,  and  any  non-hydrolysed  ester  extracted  with  ether.  The 
aqueous  solution  was  nearly  neutralised  with  hydrochloric  acid, 
saturated  with  carbon  dioxide,  evaporated  until  quite  free  from 
alcohol,  acidified,  and  the  unsaturated  acids  were  extracted  with 
ether  and  distilled,  when  almost  the  whole  quantity  passed  over  at 
140— 142°/20  mm.  It  has  already  been  mentioned  (p.  2130)  that 
this  acid  is  a  mixture  of  l-methyl-A^-cyc^ohexene-3-carboxylic  acid 
and  l-methyl-A*-cycZohexene-3-carboxylic  acid,  and,  in  order  to 
separate  these,  the  oil  was  digested  with  much  water  and  excess 
of  freshly  precipitated  calcium  carbonate  on  the  water-bath  for 
several  hours.  After  filtering  and  concentrating  considerably,  the 
calcium  salt  of  the  A^-acid  separated  as  a  voluminous  mass  of  balls 
of  needles,  and  the  mother  liquor,  on  concentration,  deposited 
further  crops  of  this  same  salt. 

After  a  certain  concentration  had  been  reached,  the  brown 
mother  liquors  yielded  a  crop  of  calcium  salt  quite  different  in 
appearance  from  the  calcium  salt  of  the  A^-acid.  This  salt  was 
decomposed  by  hydrochloric  acid,  and  the  acid  extracted,  distilled 
under  diminished  pressure,  and  again  made  into  calcium  salt,  and 
by  repeating  the  process  of  fractional  crystallisation,  the  two 
calcium  salts  were,  as  far  as  could  be  seen,  completely  separated. 

dl-l-Methyl-ii^-cyc\ohexener3-carboxi/lic  A  cid. 

In  preparing  this  acid,  the  pure  calcium  salt,  obtained  in  the 
way  described  in  the  last  section,  was  decomposed  by  dilute  hydro- 
chloric acid,  the  oily  acid  extracted  with  ether,  the  ethereal  solution 
washed,  dried,  and  evaporated,  and  the  acid  distilled  under 
diminished  pressure: 

01957  gave  04897  COg  and  0-1561  HgO.     C  =  68-2;  H  =  8-8. 
CgHjgOg  requires  C  =  685;  H  =  8'6  per  cent. 

d\-l-Methi/l-A^-cyclo?iexene-3-carboxylic  acid  is  a  rather  viscid 
oil,  which  distils  at  145°/ 20  mm.  or  177— 180°/ 100  mm.,  and, 
especially  when  warm,  has  a  very  unpleasant  odour.  The  highly 
characteristic  calcium  salt  appears  to  have  the  formula 
(C8H,iOj,)2Ca,5H20: 

01908   of    the    air-dried  salt   lost   00411    at   100°,  and  yielded 
0-0627  CaSO^.     H20  =  21-54;  Ca  =  967. 

01332  lost  00287  at  100°.     H20  =  21-54. 

01128  gave  00370  CaS04.     Ca  =  9-65. 
(C8Hii02)2Ca,5H20  requires  H2O  =  2206;  Ca  =  9-8  per  cent. 
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These  analyses,  for  -which  I  am  indebted  to  Dr.  A.  N.  Meldrum, 
were  carried  out  with  three  different  preparations  of  the  salt. 

Ethyl  dl-l-Methi/l-\^-cyclohexene-3-carhoxylate. — This  ester  was 
prepared  by  warming  the  acid  (15  grams)  with  alcohol  (100  c.c.) 
and  sulphuric  acid  (6  c.c.)  for  three  hours  on  the  water-bath. 
Water  was  then  added,  the  ester  extracted  with  ether,  the  ethereal 
solution  washed  with  water  and  sodium  carbonate,  dried,  evaporated, 
and  the  oil  distilled  under  diminished  pressure : 

01117  gave  0-2914  CO2  and  0-0984  H^O.     C  =  71-2;  H  =  9-8. 
C10H16O2  requires  C  =  71-4;  H  =  9-5  per  cent. 

This  ester  distils  at  141 — 143°/ 100  mm.,  and  possesses  a 
penetrating  and  most  unpleasant  odour. 

dl-l^-ni-Menthenol(S)  and  dl-^^  ^^^^^-m-Menthadiene. 

In  preparing  dl-l^-m--menthenol(8),  ethyl  dl-l-raethyl-A^-ci/cIo- 
hexene-3-carboxylate  (10  grams)  was  added  to  an  ethereal  solution 
of  magnesium  methyl  iodide  containing  4  grams  of  magnesium,  all 
rise  of  temperature  above  25°  being  checked  by  cooling  with  water. 

After  twenty-four  hours,  the  product  was  decomposed  by  the 
addition  of  water  and  then  dilute  hydrochloric  acid,  the  ethereal 
solution  washed  well,  dried,  and  evaporated,  and  the  resixiue  mixed 
with  a  solution  of  2  grams  of  potassium  hydroxide  in  methyl  alcohol, 
and  left  for  two  days  in  order  that  any  trace  of  unchanged  ester 
might  be  removed.  The  neutral  oil  was  then  precipitated  by  water, 
extracted,  and  distilled  under  diminished  pressure: 

0-1515  gave  04319  CO.  and  0-1604  HgO.     C  =  77-7;  H  =  ll-8. 
CjqHisO  requires  C  =  77"9;  H  =  ll"7  per  cent. 

d\-l^-m.-Menthenol(S)  distils  at  115 — 117°/30  mm.,  and  is  a  viscid, 
colourless  oil,  possessing  a  strong  and  pleasant  odour  of  terpineol 
and  peppermint.  In  order  to  convert  this  tertiary  alcohol  into 
the  corresponding  hydrocarbon,  it  was  boiled  with  6  per  cent, 
aqueous  oxalic  acid  in  a  reflux  apparatus  for  three  hours,  then 
distilled  in  steam,  and  the  distillate  extracted  with  ether.  After 
carefully  drying  over  potassium  carbonate  and  removing  the  ether 
by  evaporation,  the  residual  oil  distilled  almost  completely  at 
172 — 180°,  and  two  distillations  over  sodium  yielded  the  pure 
terpene : 

0-1192  gave  0-3834  CO^  and  01282  HgO.     C  =  87-9;  H  =  ll-9. 
CiqHjc  requires  C  =  88-2;  H  =  ll-8  per  cent. 

dll^^(9)-m-Menthadiene  distils  at  175— 176°/ 765  mm.,  and  his 
a  pronounced  odour  of  lemons,  which,  however,  is  quite  diitinct 
from  that  of  limonene. 

7  A  2 
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Resolution  of  dX-l-Methyl-L^-cjclohexene-Z-carhoxylic  Acid. 

The  resolution  of  this  acid  into  its  active  modifications  may  be 
accomplished  with  the  aid  either  of  Z-menthylamine  or  of  quinine. 
.  I.  Experiments  with  l-Menthylamine. — The  acid  available  for  this 
purpose  weighed  rather  more  than  160  grams,  and  was  divided 
into  two  parts.  The  oil  (80  grams)  was  dissolved  in  570  c.c.  of 
iV^/10-sodium  carbonate,  heated  to  boiling,  and  mixed  with  a  solution 
of  pure  ^-menthylamine  hydrochloride  (120  grams),  when  a  viscid 
syrup  separated  which  soon  began  to  crystallise.  After  remaining 
overnight,  the  aqueous  liquid  was  decanted  *  from  the  semi-solid 
cake ;  the  latter  was  then  washed,  and  left  in  contact  with  porous 
porcelain  until  quite  hard  and  dry;  it  then  weighed  105  grams. 
The  crude  salt  was  rubbed  with  a  little  pure  acetone  in  a  mortar, 
quickly  filtered,  and  the  colourless  residue  crystallised  from  acetone, 
from  which  it  separated  in  long,  slender  needles : 

0'9028,  made  up  to  20  c.c.  with  alcohol,  gave  a^  —  048°  in  a 
2-dcm.  tube  at  16°,  whence  [a]^  —  5"3°. 

After  two  more  crystallisations,  the  salt  had  [o]u  —  2'8°,  and 
after  two  further  crystallisations,  [a]jj  — 1*7°,  and  it  therefore 
consists  of  the  Z-menthylamine  salt  of  d-1-m.eihyl-A^-ci/cloh.exene- 
3-carboxylic  acid : 

0-1108  gave  5-1  c.c.  Ng  at  18°  and  760  mm.     N  =  5-3. 
C18H33O2N  requires  N=4'7  per  cent. 

By  extracting  the  porous  plates  which  had  been  employed  in 
purifying  the  crude  ^-menthylamine  salt  as  explained  above,  and 
carefully  working  up  all  mother  liquors,  about  120  grams  of  the 
pure  Z-menthylamine  salt  of  rotation  [o]u— 1'7°  were  ultimately 
obtained,  and  this  was  decomposed  by  dilute  sodium  hydroxide,  and 
after  the  ^menthylamine  had  been  extracted  with  ether,  the 
alkaline  solution  was  acidified,  the  active  acid  extracted  with  ether, 
and  distilled  under  diminished  pressure : 

01931  gave  04819  COg  and  0-1532  HgO.     C  =  681;  H  =  8-8. 
CgHjgOg  requires  0  =  685;  H  =  8-6  per  cent. 

d-l-Methyl-A^-cyclohexene-S-carboxylic  acid  boils  at  145°/20  mm., 
and  has  the  following  rotation : 

r0088,  made  up  to  20  c.c.  with  ethyl  acetate,  gave  Op  +3-34°  in 
a  2-dcm.  tube  at  16°,  whence  [o]u  -|-33-l° 

Ethyl  d-l-Methyl-^^-cyc\ohexene-3-carhoxylate  was  prepared  by 
mixing  the  acid  (40  grams)  with  alcohol  (200  grams)  and  sulphuric 
acid  (15  CO.),  and,  after  remaining  at  the  ordinary  temperature  for 

*  These  aqueous  liquors  yield,  on  acidifying  and  extracting  with  ether,  nearly 
10  grams  of  acid,  which  was  used  in  another  exiwriment. 
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a  week,  water  was  added,  and  the  oily  ester  extracted  with  ether. 
The  ethereal  solution  was  well  washed  with  sodium  carbonate, 
dried,  and  evaporated.  The  ester  distilled  at  140 — 141°/ 100  mm. 
as  a  mobile  liquid  with  a  penetrating  and  very  unpleasant  odour : 

01856  gave  04849  CO2  and  01626  HoO.     C  =  71-2;  H  =  9-8. 
CjoHigOg  requires  0  =  71*4;  H  =  9'5  per  cent. 

09520,  made  up  to  20  c.c.  with  ethyl  acetate,  gave  Oj,  +  291°  in 
a  2-dcm.  tube  at  16'5°,  whence  [a]p  +  30'5°. 

II.  Experiment  with  Quinine. — This  method  of  resolution,  which 
appears  to  give  good  results,  was  carried  out  subsequent  to  the 
experiments  with  Z-menthylamine,  just  described,  and  with  a  com- 
paratively small  quantity  of  the  c^Z-acid.  The  acid  (45  grams)  was 
digested  in  ethyl  acetate  solution  with  quinine  (125  grams),  and 
the  clear  solution  left  in  the  ice-chest  for  eight  days,  when  a  con- 
siderable quantity  of  a  crystalline  crust  had  separated.  This  was 
collected,  twice  recrystallised  from  ethyl  acetate,  and  then  decom- 
posed in  the  usual  manner,  when  it  yielded  an  acid  which  distilled 
at  142°/ 20  mm.,  which  had  the  following  high  rotation: 

l'00o2,  made  up  to  20  c.c.  with  ethyl  acetate,  gave  a^  +331°  in 
a  2-dcm.  tube  at  16°,  whence  [a]^  +  32  9°. 

It  would  have  been  interesting  again  to  have  converted  the  active 
acid  into  the  quinine  salt  in  order  to  determine  whether  a  higher 
rotation  would  have  resulted  than  the  -i-33*l°  obtained  in  the  case 
of  the  resolution  with  /-menthylamine,  but  unfortunately  the  acid 
was  accidentally  lost. 

di-!^^-m-Menthenol{%)   and   d-l^^W-m-Menthadiene. 

The  conversion  of  ethyl  <£-l-methyl-A5-cycZohexene-3-carboxylate 
into  c?-A5-m-menthenol(8)  was  brought  about  by  adding  the  ester 
(15  grams)  to  an  ethereal  magnesium  methyl  iodide  solution  con- 
taining 6  grams  of  magnesium,  the  temperature  being  kept  below 
25°  during  mixing  and  subsequently.  After  twenty-four  hours,  the 
product  was  decomposed  by  water  and  hydrochloric  acid  in  the 
usual  manner,  the  ethereal  solution  washed  well,  dried,  and 
evaporated.  The  residual  oil  distilled  remarkably  constantly  at 
115°/30  mm.: 

01438  gave  04120  COg  and  01551  H2O.     C  =  781;  H  =  12-0. 
CioHjgO  requires  0  =  779;  H  =  ll-7  per  cent. 

08810,  made  up  to  20  c.c.  with  alcohol,  gave  04,  +  3-25°  in  a 
2-dcm.  tube  at  16°,  whence  [0]^  4-367°. 

d-l^-m-Menth€nol(8)  is  a  colourless,  rather  viscid  oil,  possessing  a 
strong  odour  of  terpineol  and  menthol;  even  when  kept  for  several 
months,  it  showed  no  signs  of  crystallising,  and  an  attempt  to 
prepare  a  crystalline  phenylurethane  was  also  unsuccessful. 
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When  a  drop  of  sulphuric  acid  is  added  to  the  solution  of  this 
menthenol  in  acetic  anhydride,  a  faint  pink  colour,  like  dilute 
permanganate,  is  produced,  and,  on  keeping,  this  gradually  becomes 
more  violet  and  then  fades.  The  menthenol  (5  c.c.)  was  shaken 
with  dilute  sulphuric  acid  (350  c.c.  of  5  per  cent.)  for  seven  days 
on  the  machine,  the  product  distilled  in  a  current  of  steam,  and 
the  volatile  oil  extracted  and  distilled  under  the  ordinary  pressure, 
when  almost  the  whole  quantity  passed  over  at  about  203°,  and 
evidently  consisted  of  the  unchanged  menthenol,  only  traces  at 
most  of  the  corresponding  terpene  having  been  produced.  The 
solution  in  the  steam  distillation  flask  yielded,  after  saturation  with 
ammonium  sulphate  and  extraction  with  ether,  about  0'5  gram  of 
a  syrup,  which  gradually  crystallised  and  evidently  consisted  of  the 
corresponding  terpin,  but  the  quantity  was  too  small  for  purification. 
When  the  menthenol  was  mixed  with  three  volumes  of  fuming 
hydrobromic  acid  (saturated  at  0°),  it  did  not  appear  to  dissolve, 
and,  even  after  several  weeks,  no  solid  additive  product  had  been 
formed. 

^.^^■■H^)-ra.-Menthadiene. — This  terpene  is  formed  when  d-^^- 
m-menthenol(8)  (10  grams)  is  digested  with  aqueous  oxalic  acid 
(100  c.c.  of  6  per  cent.)  in  a  reflux  apparatus  for  six  hours,  and 
the  product  distilled  in  a  current  of  steam. 

The  volatile  oil  was  extracted  with  ether,  the  ethereal  solution 
dried  very  carefully,  evaporated,  and  the  residue  distilled,  when 
almost  the  whole  passed  over  below  180°,  and,  after  twice  frac- 
tionating over  sodium,  the  terpene  distilled  constantly  at  175 — 176° : 

0-1142  gave  0-3706  COg  and  0-1248  H.O.     C  =  88-5;  H  =  12-l. 
CjoHig  requires  0  =  882;  H  =  ll-8  per  cent. 

0-9124,  made  up  to  20  c.c.  with  ethyl  acetate,  gave  a^  +2-71°  iu 
a  2-dcm.  tube  at  17°,  whence  [a]^  +29-6°. 

\-\-Methyl-L^-cyc\ohexene-Z-carboocylic    A  cid,  \-^^-ja-Menthenol(8), 
and  1-A^  '•  ^W-m-Menthadiene. 

The  mother  liquors  from  the  separation  of  the  Z-menthylamine 
and  quinine  salts  of  c?-l-methylcyc^ohexene-3-carboxylic  acid  were 
decomposed  in  the  usual  manner,  and  the  acid  (60  grams),  which 
distilled  at  142 — 146°  and  had  [ajj,  —21-4°,  was  systematically 
treated  with  ^-menthylamine  and  quinine,  with  the  result  that  an 
acid  was  ultimately  obtained  which  distilled  at  142°/ 20  mm.  and 
had  the  following  rotation : 

1-1009,  made  up  to  20  c.c.  in  ethyl  acetate,  gave  Od  —3*41°  in 
a  2-dcm.  tube  at  15°,  whence  [0]^  - 309°. 

It  follows  therefore  that  this  acid  is  nearly  pure  \-l-methi/l- 
ik^-cyclohexene-3-carboxi/lic   acid,  since  the    rotation    of  the   corre- 
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spending  <f-acid  was  found  to  be  +  33"  1°.  Unfortunately  no  suitable 
crystalline  salt  of  the  Z-acid  was  discovered,  although  experiments 
were  made  with  c?-bornylamine,  <?-isomenthylamine,  and  most  of 
the  usual  alkaloids,  and  therefore  complete  separation  could  not 
be  carried  out. 

Ethyl  l-l-Methyl-^^'Cyclohexene-3-carboxylate,  prepared  from  the 
acid  by  means  of  alcoholic  sulphuric  acid  in  the  usual  manner, 
distilled  at  140— 142°/ 100  mm.: 

r0090,  made  up  to  20  c.c.  with  ethyl  acetate,  gave  aj,  —  2"78°  in 
a  2-dcm.  tube  at  15°,  whence  [aj^  —  27'4°. 

This  ester  (27  grams)  was  added  to  an  ethereal  solution  of 
magnesium  methyl  iodide  containing  10  grams  of  magnesium,  and, 
after  remaining  overnight,  the  product  was  decomposed  by  dilute 
hydrochloric  acid  in  the  usual  manner,  and  yielded  22  grams  of 
l-l^-m-menthenol{8),  which  distilled  at  104 — 105°/20  mm. : 

0-1429  gave  04083  COg  and  0-1521  HgO.     C  =  77-7;  H  =  ll-8. 
CjoHigO  requires  0  =  779;  H  =  ll-7  per  cent. 

09986,  made  up  to  20  c.c.  with  ethyl  acetate,  gave  a^  —325°  in 
a  2-dcm.  tube  at  17°,  whence  [aj^  -32-6°. 

The  whole  of  this  menthenol  was  boiled  with  dilute  oxalic  acid 
(6  per  cent.)  for  three  hours,  the  product  distilled  in  a  current  of 
steam,  and  fractionated,  first  under  ordinary  conditions,  and  then 
twice  over  sodium;  the  l-^^-^^^^-m-menthadien^  thus  obtained  dis- 
tilled at  175 — 176°,  and  had  a  strong  odour  of  lemons : 

0-1056  gava  0-3414  CO^  and  01135  H2O.     C  =  881;  H  =  ll-9. 
CjoHig  requires  C  =  88-2;   H  =  ll-8  per  cent. 

10021,  made  up  to  20  c.c.  with  ethyl  acetate,  gave  Oj,  -258°  in 
a  2-dcm.  tube  at  16°,  whence  [ojj,  -253°. 

Formation  of  the  cis-  and  trsins-Laciones  of  a-M ethyl-y-hydroxy- 
ia(ypropi/ladipic  Acid  hy  the  Oxidation  of  d-  and  \-\^-va.-Mtn- 
thenol{8). 

In  cairying  out  this  oxidation,  <f-A5-m-menthenol(8)  (5  .grams) 
was  suspended  in  water  and  powdered  ice  (1  litre),  and  then  a 
1  per  cent,  solution  of  permanganate  (13  grams)  added  in  several 
portions,  the  whole  being  mechanically  shaken  after  each  addition. 
The  slight  excess  of  permanganate  was  removed  by  sodium  sulphite, 
and,  after  heating  on  the  water-bath  and  filtering,  the  filtrate  and 
washings  of  the  manganese  precipitate  were  evaporated  to  a  small 
bulk.  The  brown  liquid  was  then  rendered  acid  with  dilute 
sulphuric  acid,  and  further  oxidised  on  the  water-bath  wath 
potassium  dichromate  and  sulphuric  acid  until  action  ceased.  The 
product   was  saturated  with  ammonium   sulphate   and  repeatedly 
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extracted  with  ether  on  the  machine,  the  ethereal  solution  was  dried 
and  evaporated,  and  the  syrupy  residue  esterified  by  boiling  with 
10  per  cent,  alcoholic  sulphuric  acid  for  twelve  hours. 

The  ester  was  extracted  with  ether,  the  ethereal  solution 
thoroughly  washed  with  sodium  carbonate,  dried  and  evaporated, 
and  the  residue  fractionated,  when  about  two-thirds  distilled  at 
188— 190°/20  mm.: 

0-1228  gave  0-2811  CO2  and  0-0975  HgO.     C  =  62-6;  H  =  8-8. 
C,2H2o04  requires  C  =  63-2;  H  =  8-8  per  cent. 

1-0021,  made  up  to  20  c.c.  with  alcohol,  gave  a^  —1-88°  in  a 
2-dcm.  tube  at  17°,  whence  [a]j,  -18-7°. 

This  ester  was  digested  with  dilute  hydrochloric  acid  (3  per  cent.) 
for  several  hours,  evaporated  to  a  small  bulk,  and  the  filtered 
liquid  left  over  solid  potassium  hydroxide  in  a  vacuum  desiccator 
for  some  weeks,  when  the  gummy  mass  gradually  became  semi-solid. 

It  was  placed  in  contact  with  porous  porcelain  until  quite 
colourless,  and  then  several  times  crystallised  from  water,  when  a 
glistening  mass  of  plates  was  obtained,  which  consisted  of  the  lactone 
of  tra.ns-a-methyl-y-hydroxyiso'pro'pyladi'pic  acid  *  (compare  p.  2132)  : 

0-0907  gave  0-1999  CO2  and  0-0657  HgO.     0  =  60*1;  H  =  7-9. 
CioHjg04  requires  C  =  60-0;  H  =  8-0  per  cent. 

0-1888,  dissolved  in  water  and  titrated  with  .V/10-NaOH, 
neutralised  9-5  c.c,  whereas  this  amount  of  a  monobasic  acid, 
CioHig04,  should  neutralise  9*4  c.c.  A  further  20-5  c.c.  of  iV/10- 
NaOH  (making  30  c.c.  in  all)  were  then  added,  the  solution  heated 
to  boiling,  and  titrated  back,  when  it  was  found  that  the  total 
neutralised  was  19-2  c.c.  The  amount  required  for  neutralisation 
on  the  assumption  that  the  lactone-acid,  CioHjgO^,  had  become 
dibasic  by  hydrolysis  is  18-8  c.c. 

The  solution  was  concentrated,  acidified,  heated  to  boiling  for  a 
few  seconds,  and  allowed  to  cool ;  it  then  rapidly  deposited  glistening 
plates  of  the  iraws-lactone.  This  lactone  melts  at  136°,  and  is 
readily  soluble  in  warm  water,  but  rather  sparingly  so  in  the  cold; 
the  hot  saturated  solution  clouds  on  cooling,  but  rapidly  crystallises 
if  the  sides  of  the  vessel  are  rubbed  with  a  glass  rod. 

It  is  remarkable  that,  although  obtained  from  a  strongly  active 
ester  simply  by  boiling  with  dilute  hydrochloric  acid,  this  lactone, 
as  also  the  corresponding  cw-lactone  (see  below),  should  be  quite 
inactive. 

The  cis-Lactone. — The  porous  plates,  used  in  the  purification  of 
the  crude  mixed  lactones,  were  extracted  with  ether,  the  ethereal 

*  This  substance  has  been  provisionally  named  tram-  in  order  to  distinguish  it 
from  the  more  readily  soluble  modification  of  lower  lueltiny  point  which  has  been 
called  cis: 
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extract  mixed  with  wat«r  and  the  aqueous  mother  liquors  of  the 
tran$-l3ictone,  and  digested  with  carefully  purified  animal  charcoal. 

After  filtering  and  evaporating  to  a  small  bulk,  the  solution 
was  left  over  sulphuric  acid,  when  it  gradually  deposited  a  mass 
of  crystals,  which  were  drained  on  porous  porcelain  and  fractionally 
crystallised  from  water.  In  this  way,  a  separation  of  the  trans- 
and  c/s-lactones  was  ultimately  accomplished. 

The  cis-lactone  melts  at  about  102°,  is  readily  soluble  in  warm 
water,  and  the  concentrated  solution  clouds  on  cooling,  as  does  that 
of  the  trans-lactone,  and  then  deposits  the  lactone  in  glistening 
plates.  On  one  occasion  an  aqueous  solution,  which  had  gradually 
concentrated  in  the  air,  deposited  the  c/s-lactone  in  the  form  of  a 
thick,  glistening,  prismatic  crystal  like  a  crystal  of  sugar.  The 
analysis  and  titration  of  this  lactone  gave  the  following  results : 

0-1117  gave  0-2471  COo  and  0-0800  HoO.     C  =  60-2;  H  =  8-0. 
CioHj604  requires  0  =  60  0;  11  =  80  per  cent. 

0-2090,  dissolved  in  water,  neutralised  10-4  c.c.  of  iV^/10-NaOH, 
whereas  this  amount  of  a  monobasic  acid,  CjoHigO^,  should 
neutralise  10-45  c.c. 

On  boiling  with  an  excess  of  sodium  hydroxide  and  titrating 
back,  it  was  found  that  20-9  c.c.  had  been  neutralised,  which  is 
exactly  the  amount  the  lactonic  acid,  after  hydrolysis,  should 
neutralise.  The  solution  was  concentrated,  acidified,  and  boiled, 
when,  on  cooling,  the  lactone  of  melting  point  102°  crystallised  out. 

An  exactly  similar  series  of  experiments  were  made  on  the 
oxidation  of  ^A5-w-menthenol(8),  and  as  they  yielded  a  similar  ester, 
C12H20O4,  of  rotation  [aj^  +17-4°,  which,  on  hydrolysis,  was  con- 
verted into  the  inactive  cis-  and  <ra«s-lactones  of  melting  points 
102°  and  136°  respectively,  it  is  hardly  necessary  to  give  the  details 
of  these  experiments. 

dl-l-Mcth>/l-\^-cyc\ohex€ne-3-carboxi/lic   Acid,   dl-\*-jn-Menthenol(8), 
and  dl-l*^^^^^-jn-Menthadiene. 

The  calcium  salt  of  l-methyl-A<-m-cyc/ohexenecarboxylic  acid, 
obtained  as  explained  on  p.  2138,  was  decomposed  with  dilute  hydro- 
chloric acid,  the  oily  acid  extracted  with  ether,  the  ethereal  solution 
dried  and  evaporated,  and  the  residual  viscid  oil  distilled  under 
diminished  pressure,  when  the  whole  quantity  passed  over  at 
143— 146°/ 20   mm.: 

0-1256  gave  03159  COg  and  00991  HoO.     C  =  68-5;  H  =  8-7. 
CgHioOa  requires  0  =  686;  H  =  8-6  per  cent. 

The  constitution  of  this  acid  was  proved  by.  its  conversion  into 
l-methyl-A3-cyc/ohexene-3-carboxylic  acid  when  boiled  with  alkalis, 
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an  isomeric  change  which  was  brought  about  under  the  following 
conditions.  The  acid  (8  grams)  was  digested  with  aqueous  potassium 
hydroxide  (50  c.c.  of  30  per  cent.)  for  four  hours  in  a  Jena-glass 
reflux  apparatus,  the  solution  was  acidified,  the  acid  extracted, 
dried,  and  left  in  contact  with  30  c.c.  of  8  per  cent,  alcoholic 
sulphuric  acid  at  the  ordinary  temperature  for  fifteen  hours.  Water 
was  then  added,  the  oil  extracted  with  ether,  the  ethereal  solution 
washed  with  water,  and  then  shaken  with  sodium  carbonate  in 
order  to  dissolve  uuesterified  acid.*  When  the  aqueous  extract  was 
acidified,  an  oily  acid  was  deposited,  which  gradually  crystallised, 
and  this  was  collected  and  left  in  contact  with  porous  porcelain 
until  quite  free  from  oil.  The  ester  which  had  been  produced 
yielded,  on  boiling  with  30  per  cent,  potassium  hydroxide  and 
subsequent  fractional  esterification,  a  further  quantity  of  the  same 
solid  (A^)  acid,  and,  when  the  operation  was  repeated  a  third  time, 
a  small  quantity  of  solid  acid  was  again  obtained.  Apparently  a 
condition  of  equilibrium  is  established  between  the  A*-  and  A^-acids 
during  this  process. 

The  solid  acid  was  dissolved  in  sodium  carbonate,  digested  with 
animal  charcoal,  again  precipitated,  and  the  colourless,  crystalline 
mass,  after  remaining  in  contact  with  porous  porcelain  until  quite 
dry,  was  analysed.  Found,  C  =  68"6;  H  =  8'7.  Calc,  C  =  68"6; 
H  =  8'6  per  cent.) 

That  this  acid  is  l-methyl-A^-cyc^ohexene-S-carboxylic  acid  was 
proved  by  the  melting  point,  58 — 60°,  and  by  the  fact  that,  when 
mixed  with  some  of  this  acid,  which  had  been  prepared  by  Perkin 
and  Tattersall  (Trans.,  1905,  87,  1094)  by  another  process,  the 
mixture  melted  at  the  same  temperature  as  the  components.  The 
identity  was  further  proved  by  converting  the  acid  into  the  di- 
bromide  (m.  p.  165°)  and  hydrobromide  (m.  p.  108 — 109°;  compare 
this  vol.,  p.  2152). 

Ethyl  l-Methyl-A*-cjc]ohexene-3-carboxi/late. — This  ester  was 
prepared  by  digesting  the  acid  (10  grams)  with  6  per  cent,  alcoholic 
sulphuric  acid  (50  c.c.)  for  three  hours,  and,  after  the  addition  of 
water,  extracting  with  ether  in  the  usual  way.  It  distilled  at 
142 — 144°/ 100  mm.,  and  had  a  most  unpleasant  and  penetrating 
odour. 

This  ester  (10  grams)  was  added  to  an  ethereal  solution  of 
magnesium  methyl  iodide,  containing  4  grams  of  magnesium,  and, 
after  remaining  for  twenty-four  hours,  water  was  added  and  the 

*  Thin  method  of  separation  depends  on  the  fact  that  1 -methyl- A'-cycZohexene- 
carboxylic  acid  is  an  ajS-unsaturated  acid,  and  isesterified  with  greater  difliculty  than 
l-methyl-A^-cyc^hoxeuecarboxylic  acid,  which  contains  the  etliylene  linking  in  tho 
/3>-po8ition.  The  value  of  this  process  of  separation  will  be  discussed  in  detail  in 
a  subsequent  communication. 
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product  distilled  in  a  current  of  steam.  The  distillate  was 
extracted  with  ether,  the  ethereal  solution  dried  and  evaporated, 
and  the  \*-m-menthenol(8)  distilled  under  diminished  pressure, 
■when  it  passed  over  at  115 — 117°/30  mm.  as  a  viscid  oil  which  had 
a  strong  odour  of  terpineol  and  menthol : 

01145  gave  03267  COg  and  0*1224  Kp.     0  =  778;  H=119. 
CjoHigO  requires  0  =  77-9;  H  =  ll-7  per  cent. 

^.^■H^)-m-Menthadi€ne  was  obtained  from  A4-m-menthenol(8)  ty 
boiling  with  6  per  cent,  aqueous  oxalic  acid  exactly  as  described 
in  the  preparation  of  A^-S(^)-m-menthadiene  (p.  2139).  It  was 
purified  by  distillation  in  a  current  of  steam  and  then  twice  over 
sodium,  and  boiled  at  175 — 177^/757  mm.: 

01347  gave  0-3358  OO2  and  0-1452  HgO.     0  =  88-2;  H  =  ll-9. 
OjoHjg  requires  0  =  88-2;  H  =  ll-8  per  cent. 

The  amount  of  these  substances  available  was  very  small,  and  an 
attempt  will  be  made  to  find  a  more  satisfactory  method  for  the 
preparation  of  l-methyl-A*-cycZohexene-3-carboxylic  acid  in  order,  if 
possible,  to  prepare  the  active  menthenols  and  menthadienes  derived 
from  it. 

The  author  is  indebted  to  Dr.  A.  N.  Meldrum  and  Mr.  L.  Benson 
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CCXXIV. — Experiments  on  the  Synthesis  of  the  2'erpenes. 
Part  XV.  A'-m-Menfhenol(S)  and  A'-'^'^-m-Mentha- 
diene. 

By  Bernard  Dunstan  Wilkinson  Luff  (1851  Exhibition  Scholar) 
and  William  Henry  Perkin,  jun. 

T.v  a  previous  communication  (Trans.,  1905,  87,  1085),  it  was 
shown  that  l-methylcyfZohexan-3-carboxylic  acid  (hexahydro-fn-toluic 
acid)     is     readily     converted     by     bromination    and    subsequent 
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elimination  of  hydrogen  bromide  into  a  mixture  of  l-methyl-A*^-  and 
-A2-cyc/ohexene-3-carboxylic  acids : 

CHMe<-gg^-C"(^O^g)>0H.  -^  OHMe<gg»-CBnCOgH)>cH„ 
-^  CHMe<CH.:C(c4H)^pH  and  CHMe<^H-^O^H)>^,jj^ 

The  separation  of  acids  of  such  similar  constitution  proved  to  be 
a  matter  of  much  difficulty,  and,  as  a  result,  only  small  quantities 
of  the  pure  isomerides  were  available  for  subsequent  investigation. 

l-Methyl-A3-c?/c?ohexene-3-carboxylic  acid  (m.  p.  58 — 60°)  was 
converted  into  its  ester,  and  this,  by  the  action  of  magnesium  methyl 
iodide,  into  A3-m-menthenol(8),  a  substance  which,  when  left  in 
contact  with  a  large  excess  of  magnesium  methyl  iodide,  loses  water 
with  formation  of  A3=8(9).^.jQenthadiene: 

CHMe<CH.:^E^)>CH  -->  CHMe<-gg;-^<"Me.-OH)^cH 

-^  CHMe<gH^:^(2™|)>CH. 

In  a  similar  manner,  A2-?7i^menthenol(8)  and  A2:8(9)-77i-inenthadiene 
were  prepared  from  ethyl  l-methyl-A^-cyc^ohexene-S-carboxylate: 

It  will  be  observed  that  A^-^^'')-  and  A2=8(9).77i-inenthadiene  contain 
conjugated  double  linkings,  and  investigation  showed  that  these 
terpenes  do,  in  fact,  show  the  characteristic  behaviour  of  substances 
which  contain  such  groupings;  they  are,  for  example,  only  able  to 
combine  with  two  atoms  of  bromine  or  with  one  molecule  of  hydrogen 
chloride  (compare  Trans.,  1905,  87,  641,  667,  and  1068). 

A  short  time  since  (this  vol.,  p,  1428),  Perkin  and  Wallach  made 
a  special  study  of  another  synthetical  terpene  which  contains  con- 
jugated double  linkings,  namely,  A^-^^^^-^methadiene: 

CHMe<^^2-^^j]^>C-CMe:CH2, 

and  observed  that  this  terpene  had  a  higher  boiling  point,  density, 
and  refractive  index  than  terpenes,  such  as  limonene,  which  do  not 
contain  conjugated  double  linkings  (compare  p.  2154),  and  it  seemed 
desirable  to  investigate  the  physical  constants  of  other  terpenes  of 
similar  structure  in  order  to  determine  whether  this  behaviour  is 
a  general  one.  The  difficulty  in  preparing  the  m-menthadienes 
already  mentioned  in  amount  sufficient  for  accurate  physical 
measurement  is  due   to   the   difficulty  in  obtaining  the   1-methyl-; 
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<?ycZohexene-3-carboxylic  acids  in  any  considerable  quantity  by  the 
prcx^ess  described  at  the  beginning  of  this  paper.  An  attempt  was 
therefore  made  to  devise  a  new  method  for  the  preparation  of  these 
acids,  and  this  has  been  successful  in  the  case  of  the  A^-acid  (m.  p. 
58—60°). 

Quite  recently  (this  vol.,  p.  1760),  it  was  pointed  out  that  1-methyl- 
cycZohexan4-one  reacts  readily  with  sodamide  and  carbon  dioxide, 
with  the  formation  of  l-methylcyc^ohexan-4-one-3-carboxylic  acid: 
CHMe<^|2-CH(C0^H)^^()^ 

and  we  have  found  that,  under  the  conditions  described  in  the 
present  communication  (p.  2150),  the  yield  directly  obtained  is  50 
per  cent,  of  that  theoretically  possible.*  When  this  acid  is 
reduced  with  sodium  amalgam,  it  yields  l-methylcycZohexan-4-ol- 
3-carboxylic  acid,  and  this,  on  distillation,  is  almost  quantitatively 
converted  into  l-methyl-A^-cyc?ohexene-3-carboxylic  acid  (m.  p. 
58—60°) : 

CHMe<g}{2-CB  (<^'Q^]^^)>CH-OH  ~>  CHMe<g{^^'^^^^^^{{)>CH. 

This  method  of  preparation  is  still  laborious,  but  it  is  much  less 
so  than  the  original  method,  and  it  has  now  been  found  possible 
to  prepare  nearly  200  grams  of  the  pure  acid,  of  which  part 
has  been  used  in  the  present  research,  and  the  remainder  is 
being  resolved  into  its  active  constituents  with  the  object  of 
preparing  and  carefully  investigating  the  corresponding  active 
menthenols  and  menthadienes.  In  possession  of  sufl&cient 
material,  we  have  now  very  carefully  determined  the  physical 
properties  of  A^-T/z-mentheno^S)  and  A^^^^^^-m-menthadiene  (see 
pp.  2153,  2154). 

We  find  that  the  values  of  A3-m-menthenol(8)  show  a  remarkable 
similarity  to  those  of  A^-2>-menthenol(8),  and,  when  these  numbers 
are  compared  with  those  of  terpineol,  it  is  seen  that  the  proximity  of 
the  double  linking  to  the  •CMe2*0H  group  causes  a  fall  of  boiling 
point,  density,  and  refractive  index.  Similarly,  the  values  for 
^.^^sW-m-meniha.diene  are  very  like  those  of  A^ '^(^)-p-menthadiene, 
but,  when  these  values  are  compared  with  those  of  limonene,  it  is 
seen  that  the  presence  of  conjugated  linkings  causes  a  considerable 
rise  in  boiling  point,  density,  and  refractive  index. 

A  similar  study  of  A2-//^menthenol(8)  and  of  A'^-^^^'-m-menthadiene 
is  in  progress,  and  the  results  will  shortly  be  ready  for  publication. 

It  is  actually  considerably  more,  because  a  good  deal  of  ketone  is  recovered  un- 
changed and  may  be  employed  in  a  subsequent  preparation. 
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EXPEKIMENTAL. 

Preparation  of  l-Methylcyc\ohexan-A-one-Z-carhoxylic  Acid  and 
\-Methylcyc\ohexanAi-ol-^-carhoxylic  Acid. 

In  order  to  obtain  the  large  quantities  of  the  above  ketonic  acid 
which  we  required  for  this  research,  we  decided,  as  the  result  of  a 
long  series  of  comparative  experiments,  to  modify  the  method  of 
preparation  originally  employed  (this  vol.,  p.  1766)  in  the  following 
way. 

l-Methylcyc?ohexan4-one  (100  grams)  is  dissolved  in  dry  ether 
(1  litre)  in  a  three-necked  flask  fitted  with  a  reflux  condenser  and 
mechanical  stirrer,  powdered  sodamide  (40  grams)  is  then  added 
in  lots  of  10  grams,  and  the  stirrer  set  in  motion,  when  a  rapid 
evolution  of  ammonia  takes  place.  After  the  reaction  has  subsided, 
the  mixture  is  heated  on  the  steam-bath  for  an  hour,  allowed  to 
cool,  and  then  a  stream  of  dry  carbon  dioxide  passed  through  a  wide 
tube  so  as  to  avoid  stoppage,  the  whole  being  vigorously  stirred 
during  the  operation.  This  causes  a  rise  of  temperature,  and  the 
passage  of  the  gas  is  continued  until  the  whole  has  cooled  down 
to  that  of  the  atmosphere.  The  contents  of  the  flask  are  then 
washed  into  a  separating  funnel  with  ice  water,  well  agitated,  the 
aqueous  layer  run  off,  and  the  ethereal  solution  kept  in  order  to 
recover  the  unchanged  ketone  which  it  contains.  The  aqueous 
solution  is  acidified,  extracted  with  ether,  the  ethereal  solution 
shaken  with  sodium  carbonate,  and,  after  separating,  the  alkaline 
extract  is  cautiously  treated  with  hydrochloric  acid  until  the  oily 
impurity  has  been  completely  precipitated  and  the  crystalline  acid 
commences  to  separate.  After  filtering,  the  filtrate  is  acidified 
with  hydrochloric  acid,  and  the  colourless,  crystalline  precipitate  of 
nearly  pure  l-methylcyc^ohexan-4-one-3-carboxylic  acid  collected, 
washed,  and  drained  on  porous  porcelain.  The  yield  is  45 — 50 
grams.  The  ethereal  layer,  containing  the  unchanged  ketone,  is 
washed,  evaporated,  and  the  residue  distilled  in  a  current  of  steam 
in  order  to  separate  it  from  a  quantity  of  the  bicyclic  condensation 
product  described  on  p.  2155.  The  ketone  is  extracted  from  the 
distillate,  and,  after  one  fractionation,  is  sufiiciently  pure  for  a 
further  operation. 

In  preparing  l-methylcycZohexan-4-ol-3-carboxylic  acid,  1-methyl- 
cyc?ohexan-4-one-3-carboxylic  acid,  in  quantities  of  10  grams,  is 
dissolved  in  sodium  carbonate,  thp  solution  made  up  to  600  c.c.  with 
water,  and  treated,  in  a  bottle  fitted  with  a  mechanical  stirrer, 
with  freshly  prepared  sodium  amalgam  (500  grams),  which  is  added 
in  three  lots.  Reduction  takes  place  very  slowly  at  the  ordinary 
temperature,    and   the    most   suitable    temperature  appears    to  be 
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50 — 60°,  which  is  maintained  during  the  whole  operation  by  placing 
the  bottle  in  a  trough  of  hot  water ;  it  is  also  necessary  to  neutralise 
the  alkali  produced  by  hydrochloric  a<;id,  which  is  dropped  in  in 
such  a  way  that  the  liquid  is  always  faintly  alkaline. 

The  product  is  acidified  with  hydrochloric  acid,  saturated  with 
salt,  and  extracted  at  least  five  times  with  much  ether ;  the  ethereal 
extract  is  dried  over  anhydrous  sodium  sulphate,  and  evaporated, 
when  a  syrup  remains  which  soon  becomes  semi-solid,  and  the 
purification  and  properties  of  which  have  already  been  described 
(this  vol.,  p.  1770). 

\-Methyl-^^-cyc\ohexene-Z-carhoxylic  A  cid. 

This  acid  has  been  prepared  in  large  quantities  in  the  following 
manner.  Crude  l-methylcyc^ohexan-4-ol-3-carboxylic  acid,  obtained 
as  described  in  the  last  section,  is  transferred  to  a  distilling  flask 
with  a  rather  long  neck,  and  heated  in  a  metal-bath,  when 
effervescence  soon  occurs,  due  to  the  decomposition  of  some  unchanged 
ketonic  acid.  In  a  short  time,  water  commences  to  be  eliminated, 
and  as  soon  as  this  and  the  ketone  have  ceased  to  pass  over,  the 
residue  is  distilled  under  diminished  pressure,  when  almost  the 
whole  passes  over  at  155 — 160°/ 25  mm.,  and  solidifies  on  cooling. 
The  mass  is  left  in  contact  with  porous  porcelain  until  free  from 
traces  of  oily  impurity;  it  then  melts  at  about  57 — 58°,  and  is 
almost  pure  l-methyl-A^.^ycZohexene-S-carboxylic  acid.  The  yield  is 
approximately  10  grams  from  50  grams  of  the  crude  hydroxy-acid. 
For  analysis,  the  substance  was  crystallised  from  formic  acid,  from 
which  it  separates  in  pearly  plates,  melting  at  60°.  (Found,  C  =  68'4 ; 
H  =  8-6.     Calc,  C  =  68-6;  H  =  8-6  per  cent.) 

Careful  comparison  has  shown  that  this  acid  is  identical 
with  the  "  A^-tetrahydro-m-toluic  acid "  obtained  by  Perkin  and 
Tattersall  (Trans.,  1905,  87,  1092)  by  quite  a  different  process. 
Ethyl  l-methyl-A^-cyc/ohexene-S-carboxylate,  which  has  already  been 
described  (loc.  cit.,  p.  1094),  was  prepared  in  quantity  by  leaving 
the  pure  acid  (50  grams)  in  contact  with  alcohol  (300  c.c.)  and 
sulphuric  acid  (30  c.c.)  at  the  ordinary  temperature  for  two  days, 
and  then  heating  on  the  water-bath  for  two  hours. 

After  extracting  in  the  usual  way,  it  distilled  at  146 — 148°/ 
100  mm. 

It  was  noticed  that  the  a)8-unsaturated  acid  is  esterified  with 
some  difficulty  at  the  ordinary  temperature.  Thus,  for  example, 
the  mixture  just  mentioned,  after  being  kept  for  twenty-four  hours, 
contained  a  large  amount  of  acid,  and,  even  after  forty-eight  hours, 
a  considerable  quantity  of  unesterified  acid  was  still  present.  This 
behaviour   has   been  utilised  for    separating    the    acid    from    th© 
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isomeric  j8y-acid  by  a  process  of  fractional  esterification  (compare 
this  vol.,  p.  2146). 

3:  A-Dibromo-l-methi/lcyclohexane-S-carboxylic  Acid, 
CHMe<^g2;C]Br{C0^H)-v,cHBr. 

In  order  to  prepare  this  characteristic  derivative,  pure  1-methyl- 
A^-cyc/ohexene-S-carboxylic  acid,  dissolved  in  a  little  dry  chloroform, 
is  cooled  to  —  5°,  and  mixed  with  a  few  drops  of  dry  bromine.  At 
this  low  temperature,  no  action  seems  to  take  place,  but,  if  allowed 
to  rise  to  15°,  the  colour  of  the  bromine  suddenly  disappears,  and 
then  the  addition  of  the  theoretical  amount  takes  place  rapidly  at  0°. 
During  the  operation  a  good  deal  of  the  dibromo-acid  crystallises 
out,  and  the  remainder  is  obtained  by  allowing  the  chloroform  to 
evaporate.  It  is  sparingly  soluble  in  cold  formic  acid,  and  not  very 
readily  so  on  boiling,  and  separates  in  colourless,  glistening  leaflets : 

0-3166  gave  0-3945  AgBr.     Br  =  53-0. 

CgHigOgBrg  requires  Br  =  53-3  per  cent. 

When  rapidly  heated,  3 :  4-dibromo-l-methylcycZohexane-3-carb- 
oxylic  acid  melts  at  165°. 

It  dissolves  readily  in  sodium  carbonate,  and  the  solution,  on 
boiling,  does  not  cloud  with  separation  of  the  bromohydrocarbon, 
as  sometimes  happens  in  the  case  of  a)3-dibromo-acids  of  similar 
constitution.  After  boiling  for  ten  minutes  with  a  large  excess  of 
sodium  carbonate,  the  solution  deposited,  on  acidifying,  a  solid 
acid,  which  crystallised  well  from  formic  acid,  melted  at  148 — 150°, 
and  appears  to  be  a  bromohydroxy-acid  of  the  formula 
C7H„Br(OH)-C02H  (Found,  Br  =  32-7.  Calc,  Br  =  332),  but  it 
was  not  further  investigated. 

The  aqueous  filtrate  from  this  acid  contains  a  considerable 
quantity  of  a  syrupy  acid  which  may  be  extracted  with  ether,  and 
is  probably  the  corresponding  dihydroxy-acid. 

A.-Broirw-\-methylcyc\ohexane-Z-carhoxylic  A cid, 

l-Methyl-A3-cycZohexene-3-carboxylic  acid  dissolves  readily  in 
fuming  hydrobromic  acid  (saturated  at  0°),  and,  on  keeping,  but 
more  rapidly  if  slowly  warmed  to  70°,  a  syrup  separates,  which 
gradually  crystallises.  After  washing  with  water  and  draining  on 
porous  porcelain,  the  substance  was  dissolved  in  a  little  warm  formic 
acid,  in  which  it  is  very  readily  soluble,  and  from  which  it  separates 
in  needles,  melting  at  107 — 109°: 
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0-1544  gave  O'lSU  AgBr.     Br  =  36-2. 

CgHigOoBr  requires  Br  =  36  2  per  cent. 

This  bromo-acid  is  decomposed  by  boiling  with  sodium  carbonate, 
and  the  solution,  on  acidifying,  deposits  a  crystalline  precipitate 
of  l-methyl-A3-cyc^ohexene-3-carboxylic   acid. 

^^-m-M enthenol(8)  and  \^'^i^)-m-Menthadiene. 

The  conversion  of  ethyl  l-methyl-A^-cycZohexen-S-carboxylate  into 
A^-ffi-menthenol(8)  was  carried  out  by  adding  the  ester  (13  grams) 
to  an  ethereal  solution  of  magnesium  methyl  iodide,  containing 
6'o  grams  of  magnesium.  After  fifty  hours,  the  product  was  decom- 
posed by  water  (compare  footnote,  p.  2154),  distilled  in  a  current  of 
steam,  the  distillate  extracted  with  ether,  and  the  ethereal  solution 
dried,  evaporated,  and  the  residue  distilled  under  diminished 
pressure.  The  whole  quantity  passed  over  at  114 — 117°/35  mm., 
and,  after  redistillation  at  115°/ 35  mm.,  as  a  colourless,  pleasant 
smelling,  rather  viscid  liquid,  and  the  yield  of  this  pure  A^-m-men- 
thenol(8)  was  almost  quantitative.  The  first  time  this  substance 
was  prepared  (Trans.,  1905,  87,  1100),  it  was  noticed  that  much  of 
the  ethyl  ester  remained  unattacked ;  this  was  due  to  the  fact  that 
the  amount  of  magnesium  (2  9  grams  to  10  grams  of  ester)  was 
too  small,  and  the  length  of  contact  (twenty-four  hours)  was  also  not 
sufficient.  Under  the  conditions  mentioned  above,  only  a  trace  of 
ethyl  ester  remained  unchanged,  and  this  was  removed,  before 
fractionation,  by  hydrolysis  with  a  Little  methyl-alcoholic  potassium 
hydroxide  in  the  usual  manner. 

The  phenylurethane  of  A3-OT-menthenol(8)  was  prepared  by  leaving 
the  menthenol  with  an  equal  volume  of  phenylcarbimide  for  three 
days.  The  mass  was  drained  on  porous  porcelain,  and  then 
crystallised  from  80  per  cent,  methyl  alcohol,  from  which  it 
separated  in  colourless  needles,  melting  at  130°: 

01057  gave  5-0  c.c.  No  at  21°  and  758  mm.     N  =  5-3. 
C17H23O2N  requires  N  =  51  per  cent. 

The  physical  properties  of  A3-m-menthenol(8)  have  been  carefully 
determined,  and  found  to  be  very  similar  to  those  of  A^-p-men- 
thenol(8)  (compare  Perkin  and  Wallach,  this  vol.,  p.  1435),  as  the 
following  comparison  shows : 

CHM<  ^H.  CHMeC  ^C'CMcj-OH 

^CHa CH/^  ^CHa'CHj/ 

Bp 102'/14  mm.  115735  mm. 

d.  20720° 0-9-268  0-9210 

«„ l-47»8  1-4768 

M 47-10  (calc.  47-16)  47-23 

M.  |i.  of  the  pbenjlurethane  13u°  I'Ji* 

VOL.    XCVII.  7   B 
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A3-m-Mentlienol(8)  has,  so  far,  not  crystallised,  wheredS 
A3-y-mentlienol(8)  is  solid,  and  melts  at  39°. 

^3:8(9).^.;^ent]iadiene  has  been  prepared  in  two  different  ways, 
namely,  (1)  by  the  direct  action  of  magnesium  methyl  iodide  on 
ethyl  l-methyl-A^-cycZohexene-S-carboxylate,  and  (2)  by  the  action  of 
aqueous  oxalic  acid  on  A3-7?i-menthenol(8). 

1.  Ethyl  l-methyl-A^-cycZohexene-S-carboxylate  (25  grams)  was 
added  to  an  ethereal  solution  of  magnesium  methyl  iodide  (10  grams 
of  magnesium),  and,  after  forty-eight  hours,  the  product  was  decom- 
posed by  dilute  hydrochloric  acid  *  and  distilled  in  a  current  of 
steam.  The  ethereal  extract  of  the  distillate  was  dried,  evaporated, 
and  the  product  fractionated,  when  almost  the  whole  passed  over  at 
178 — 183°/ 750  mm.,  the  amount  of  A^-m-menthenol  remaining  being 
very  small. 

The  A3:8(9)-7/^-menthadiene  was  then  distilled  three  times  over 
sodium,  when  it  boiled  constantly  at  181 — 182°/ 760  mm. 

2.  A3-m-Menthenol(8)  was  boiled  for  three  hours  with  6  per 
cent,  aqueous  oxalic  acid,  and  the  product  distilled  in  a  current  of 
steam.  After  extracting  in  the  usual  manner,  it  was  found  that 
the  conversion  into  A3  =  ^(^)-m-menthadien6  had  been  almost 
quantitative,  and  that  this  terpene  again  distilled  at  181 — 182°/ 
760  mm.  The  physical  properties  of  both  the  specimens  of  this 
terpene  were  carefully  determined,  and  found  to  be  practically 
identical,  and  it  is  interesting  to  tabulate  these  (I)  with  those  of 
the  two  following  terpenes : 

I.  A^  ^""-m-Menthadiene,  CHMe<^^2'^^^-'^^'^^HcH. 
II.  A^=«<'"-i?-Menthadiene,  CHMe<^g2y^^C-CMe:CH3. 

III.  Limonene,  CMe<^^~cg2>CH-CMe:CH2. 

I.  II.  III. 

B,  p 181—182'  184—185°  175—176° 

d.  20°/20°  0-8609  0-8580  0-8460 

71^     1-4975  1-4924  1-4746 

M 46-3  46-02  45-23 

(C,oHie|^=45'24.) 

*  The  curious  observation  (compare  p.  2153)  has  been  made  in  thia  and  in  other 
eases,  that  the  product  of  the  action  of  magnesium  methyl  iodide  on  the  ester  of  a 
methylct/cZohexenecarboxylic  acid,  containing  the  double  linking  in  the  o)3-position, 
yields  the  meutheuol  when  it  is  treated  with  water,  but  the  conjugated  mcnthadiene 
when  it  is  decomposed  by  dilute  hydrochloric  acid.  In  cases  where  the  double 
linking  is  in  any  other  position,  this  difference  has  not  been  observed,  and  the 
product  has  always  been  the  menthenol  whether  the  decomposition  has  been  carried 
out  simply  by  water  or  by  the  addition  of  hydrochloric  acid. 
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Cases  I  and  II  prove  again  that  the  effect  of  conjugation  is  to 
raise  the  boiling  point,  density,  and  refractive  index  above  those 
of  limonene.  In  possession  of  considerable  quantities  of  pure 
A3:8(*)-m-menthadiene,  the  authors  have  again  investigated  its 
behaviour  with  bromine  and  with  hydrogen  chloride  (compare 
Trans.,  1905,  87,  1101).  The  freshly  distilled  terpene  (3-3588 
grams)  was  dissolved  in  twice  its  volume  of  chloroform,  cooled  to 
— 15°,  and  titrated  with  a  solution  of  bromine  in  chloroform  (1  in  3), 
when  12"6  c.c.  were  decolorised,  the  end-point  being  quite  sharp, 
but  a  little  hydrogen  bromide  was  produced.  This  amount  of 
terpene  had  therefore  decolorised  42  grams  of  bromine,  whereas 
the  amount  required  for  the  formation  of  the  tetrabromide, 
CioHigBr^,  is  80,  and  for  the  dibromide,  CioHigBrg,  4'0  grams.  It 
is  clear  therefore,  as  had  previously  been  pointed  out,  that  this  and 
other  conjugated  terpenes  are  only  capable  of  combining  with  two 
atoms  of  bromine. 

In  investigating  the  action  of  hydrogen  chloride,  about  5  c.c.  of 
the  terpene  were  cooled  to  — 15°,  and  a  current  of  dry  hydrogen 
chloride  passed  for  one  hour ;  the  almost  colourless  product  was  left 
for  two  days,  then  placed  over  pot^issium  hydroxide  in  a  vacuum 
desiccator  for  several  hours,  and  analysed: 

01773  gave  01390  AgCl.     Cl  =  19-4. 

CioHi6,HCl  requires  CI  =  20-6  per  cent. 

It  is  therefore  obvious  that  this  conjugated  menthadiene  is  only 
capable  of  combining  with  one  molecule  of  hydrogen  chloride. 

1 :  ^i'-Dimethyl-Z-cyclohexylidenecycXohexaivA-one, 

Considerable  quantities  of  this  ketone,  as  well  as  higher  con- 
densation products  of  l-methyIcyc/ohexan-4-one,  are  produced  during 
the  action  of  sodamide  and  carbon  dioxide  (p.  2150).  After  extract- 
ing the  sodium  salt  of  l-methylcyc/ohexan-4-one-3-carboxylic  acid 
with  water,  the  ethereal  solution  is  evaporated,  and  the  residue 
distilled  in  a  current  of  steam,  when  unchanged  methylcyc/o- 
hexanone  passes  over,  and  the  condensation  products  remain  in  the 
distilling  flask.  The  dark  brown  oil  is  extracted  with  ether,  the 
ethereal  solution  dried  and  evaporated,  and  the  residue  fractionated 
under  diminished  pressure,  when  a  quantity  of  a  pale  yellow  oil 
is  obtained,  which  distils  at  173 — 174°/ 25  mm.,  and  has  a  pronounced 
fruity  odour : 

•  01971  gave  05862  CO^  and  01924  H.O.     C  =  811;  H  =  10-8. 
CuHjaO  requires  C  =  8r5;  H  =  10  7  per  cent 
d  20°/ 20°  =  0-9728;   n  =  l-4986;  M  =  62-J   (calc,  62-4). 

7  B  2 
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This  condensation  product  is  very  similar  to  the  "  bicyclic  ketone," 
C14H22O,  which  Wallach  {Ber.,  1896,  29,  1595)  obtained  by  the 
action  of  hydrogen  chloride  on  l-methylcycZohexan-3-one. 

When  a  drop  of  sulphuric  acid  is  added  to  the  solution  of  the 
ketone  in  acetic  anhydride,  an  intense  crimson  coloration  is  produced, 
which  persists  for  a  long  time.  The  oxime  was  obtained  by  adding 
an  aqueous  solution  of  hydroxylamine  hydrochloride  to  an  alcoholic 
solution  of  the  ketone,  when,  almost  immediately,  a  crystalline 
precipitate  began  to  form,  which,  after  crystallisation  from  alcohol, 
was  obtained  in  glistening  needles,  melting  at  160°: 

0-463  gave  26-4  c.c.  Ng  at  18°  and  758  mm.     N  =  6-7. 
CjjHgaON  requires  N  =  6'3  per  cent. 

The  University, 

Manchester. 


CCXXV. — Studies  in  the  Camphane  Series.  Part 
XXVIII.  Stereoisomeric  Hydrazones  and  Semi- 
carhazones  of  Carapliorquinone. 

By  Martin  Onslow  Foester  and  Adolf  Zimmerli. 

The  expectation  of  stereoisomerism  among  semicarbazones  is  a 
natural  corollary  of  the  Hantzsch-Werner  hypothesis.  Up  to  the 
present  time,  however,  it  does  not  appear  that  any  systematic 
attempt  has  been  made  to  place  the  question  of  semicarbazone- 
isomerism  on  the  basis  occupied  by  that  of  the  oximes.  Apart  from 
the  distrust  with  which  the  hypothesis  in  question  is  still  viewed  in 
some  quarters,  the  principal  reason  for  this  omission  to  bring  the 
semicarbazones  into  line  with  oximes  is  the  scattered  and  ill-defined 
nature  of  the  evidence  relating  to  the  occurrence  of  isomerism  in 
the  former  class.  The  cases  of  isothujone,  carvenone,  and  tetra- 
hydrocarvone  appear  to  have  been  established  by  Wallach  {Ber., 
1895,  28,  1955),  but  the  isomeric  semicarbazones  of  citral  and  of 
ionone  owe  their  formation  to  the  existence  of  each  ketone 
in  two  isomeric  forms.  Wallach  has  also  shown  that  syn- 
thetical pulegone,  obtained  by  condensation  of  methylhexanonc 
with  acetone,  yields  two  semicarbazones  (Ber.,  1896,  29,  2955 
also  Annalen,  1898,  300,  269),  from  both  of  which  the  ketone  if 
regenerated  by  acid,  but  a  claim  for  the  production  of  isomeride* 
from  phenyl-l-methyl-A*-cyc/ohexen-5-one   (Knoevenagel   and  Gold- 
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smith,  Ber.,  1898,  31,  2465)  is  not  based  on  strong  evidence. 
Benzoylmethylthiodiazole,  on  the  other  hand,  gives  rise  to  two 
derivatives  (Wolff,  Annalen,  1902,  325,  173),  but  the  supposed 
existence  of  two  benzilmonosemicarbazones  (Posner,  Ber.,  1901,  34, 
3979)  was  shown  to  be  fallacious  by  Biltz  and  Arnd  (Ber.,  1902, 
35,  344;  compare  also  Biltz,  Annalen,  1905,  339,  243),  the  second 
substance  being  5  :  6-diphenyl-3-oxy-l :  2  :  4-triazine,  prepared  by 
Thiele  and  Stange  (Annalen,  1894,  283,  27).  Nef  has  recorded 
the  production  of  two  semicarbazones  from  propaldehyde  (Annalen, 
1904,  335,  202),  whilst  Knoevenagel  and  Samel  (Ber.,  1906,  39, 
681),  and  lat^r  Rupe  and  Dorschky  (Ber.,  1906,  39,  2112), 
found  that  when  semicarbazide  acts  on  carvone  in  the  cold,  the 
product  is  distinct  from  that  described  by  von  Baeyer,  into  which, 
however,  it  is  convertible  at  raised  temperatures. 

In  reviewing  the  foregoing  evidence  relating  to  the  existence  of 
isomeric  semicarbazones,  we  have  not  encountered  any  systematic 
attempt  to  explain  the  phenomenon,  but  the  experiments  described 
in  this  paper  lead  us  to  express  the  opinion  that  stereoisomerism  of 
the  type  displayed  by  oximes  must  now  be  regarded  as  existing  in 
this  class  also. 

Our  attention  was  drawn  to  the  subject  by  an  observation  made 
in  connexion  with  camphorquinonesemicarbazone  (Lapworth  and 
Chapman,  Trans.,  1901,  79,  381),  and  our  thanks  are  due  to 
Dr.  Lapworth  for  his  consent  to  our  using  this  material.  In 
preparing  it  by  the  slightly  modified  process  of  Diels  and  vom  Dorp 
(Ber.,  1903,  36,  3190),  we  noticed  that  the  mother  liquor  contained 
a  more  soluble  isomeride  melting  at  a  lower  temperature  than 
the  modification  already  described,  and  calling  the  latter  the 
a-derivative,  we  refer  to  the  new  compound  as  the  /3-semicarbazone. 
When  this  is  heated  above  its  melting  point,  it  is  converted  into 
the  o-semicarbazone,  and  the  latter,  under  the  influence  of  hot 
aniline,  undergoes  the  change  described  by  Borsche  (Ber.,  1901, 
34,  4297;  1904,  37,  3177)^  giving  rise  to  camphorquinonephenyl- 
carbamylhydrazone,  with  liberation  of  ammonia: 

C.H,.<?L=^-«H-CO-NH,  ,.H..NH,= 


'.<^6o 


NH.  +  C.H..<Sf-^H.CO-NH.O.H. 


The  product,  however,  is  an  equilibrium  mixture  of  two  isomerides, 
related  to  one  another  in  a  manner  similar  to  the  connexion 
between  the  semicarbazones.  Both  camphorquinonephenylcarbamyl- 
hydrazones  are  produced,  also,  when  the  iS-semicarbazone  is  heated 
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with  aniline,   and   by   the   condensation   of  camphorquinone  with 

phenylcarbamylhydrazide : 

CO 
°»^u<^  +  NH,-NH-CO-NH-C,H,  =. 

and  they  may  be   obtained   separately  by   the   action   of  phenyl- 
carbimide  on  two  new  hydrazones  of  camphorquinone. 

The  action  of  hydrazine  on  camphorquinone  is  stated  by  Oddo 
(Gazzetta,  1897,  27,  ii,  117)  to  yield  "  biscamphanonazine,"  identical 
with  Angeli's  azocamphanone  (Gazzetta,  1894,  24,  ii,  44),  produced 
in  association  with  camphenone  by  heating  diazocamphor.  As 
represented  by  Angeli,  the  formation  of  azocamphanone: 

^  ^*  CO  oc  *  ^^ 
obviously  depends  on  the  condensation  of  hydrazine  with  two 
molecules  of  the  diketone,  but  we  find  that  if  the  substances  interact 
in  molecular  proportion,  two  new  derivatives  of  camphorquinone  are 
produced;  these,  being  isomeric,  are  referred  to  as  the  o-  and 
iS-hydrazones,  and  it  is  by  the  action  of  phenylcarbimide  on  these 
two  substances  that  the  above-mentioned  a-  and  i8-phenylcarbamyl- 
hydrazones  are  respectively  obtainable: 

OsH„<V=^-^^'+c.h,.n:c:o  -  c.h„<9=*'-nh-to-nh.c„h, 

8      U^QQ  6      5  8      14  ^QQ 

Thus,  the  isomeric  hydrazones  (m.  p.  206°  and  102°)  are  con- 
nected through  the  isomeric  phenylcarbamylhydrazones  (m.  p.  211° 
and  161°)  with  the  isomeric  semicarbazones  (ra.  p.  236°  and  147°) 
respectively,  and  the  members  of  each  pair  bear  to  one  another  the 
same  relation  in  respect  of  solubility,  fusibility,  and  inter- 
convertibility  by  heat.  A  further  connexion  between  the  hydrazones 
and  semicarbazones  is  established  by  the  fact  that  whilst  acetic 
anhydride  converts  the  hydrazones  into  acetyl  derivatives  (m.  p. 
239°  and  150°),  of  which  the  iS-compound  is  transformed  into  the 
a-modification  by  heat,  an  equilibrium  mixture  of  these  isomeric 
acetyl  derivatives  follows  the  action  of  hot  acetic  anhydride  on 
the  isomeric  semicarbazones : 


C,H,.<^|f  •^^■^°''^'''  +  CH3-C0-NH,  +  CO,. 

These  reactions  are  summarised  in  the  diagram  on  p.  2159. 
It  now  becomes  necessary  to  explain  our  grounds  for  ascribing 
*he  present  case  of  isomerism  to  stereochemical  rather  than  struc- 
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tural  considerations,  and  since  the  only  justification  for  a  stereo- 
chemical explanation  is  the  exclusion  of  structural  differences,  we 
proceed  to  deal  with  the  possible  causes  of  the  foregoing  relation- 
ships.    These  are : 

1.  Dimorphism,  condemned  by  the  distinct  differences  in  optical 
activity  which  solutions  of  the  respective  pairs  display  under 
comparable  conditions. 

2.  Polymerisni,  which  might  be  suspected  from  the  higher  melting 
point  and  sparing  solubility  of  the  a-compounds.  The  latter 
property  has  precluded  application  of  the  freezing-point  method  of 
molecular-weight  determination  except  in  the  case  of  the  a-phenyl- 
carbamylhydrazone ;  this  is  normal,  and  so  is  the  a-semicarbazone 
in  boiling  chloroform,  whilst  for  other  reasons  which  become 
apparent  later  in  this  paper  it  is  difficult  to  believe  that  the 
less  fusible  member  of  each  pair  is  merely  a  poljmieride  of  the 
corresponding  ;8-modification. 

3.  The  structural  difference  which,  depending  on  the  asymmetry 
of  the  camphane  molecule,  renders  the  types, 

CX  CO 

C!,n,,<i,^2      and       C3H,,<i^^^, 

distinct  from  one  another.  The  principal  objection  to  this 
explanation  is  one  which  is  familiar  to  all  workers  with  camphor 
derivatives,  namely,  the  immensely  superior  reactivity  of  the 
o-position.  But  it  is  excluded  also  by  the  formation  of  the 
hydrazones  on  reducing  diazocamphor,  supported  by  the  improba- 
bility of  the  above  types  undergoing  interconversion  by  merely 
heating  the  substances  at  100 — 200°. 

4.  cis-trans-Isoznevism,  also  depending  on  the  asymmetry  of  the 
camphane  nucleus,  as  represented  by  the  formulae : 

.NX  NH 

CsH,/^<NH      and      C,H, /^NX  , 

the  possibility  of  which  has  been  indicated  by  Armstrong  and 
Robertson  (Trans.,  1905,  87,  1278).  This  point  would  be  difficult 
to  argue  in  the  case  of  the  semicarbazones  and  phenylcarbamyl- 
hydrazones  if  these  had  the  constitution : 

N-CO-NH^  N-CO-NH-CeH, 

CsH./rNH  and      C.K./'^^'^^K 

respectively,  but  is  simplified  by  their  experimental  relation  to  the 
hydrazones,  because  it  is  obvious  that  c»V<rans-isomerism  of  the 
order  shown  above  could  not  occur  in  the  case  of  the  latter 
substances. 


STUDIES   IN   THE   CAMPHANE    SERIES.      PART   XXVIII.      2161 

5.  The  structural  difference  arising  from  enolisation,  namely : 

CsHu<-,^  and       C.H.Ky.oH 

as  suggested  by  Betti  in  connexion  with  the  phenylhydrazones 
{Ber.,  1899,  32,  1995).  Here  again  the  test  is  furnished  by  the 
simple  hydrazones,  which  would  be  represented  as : 

o 

But  this  enolic  formula  represents  the  nitrogen  in  a  condition 
hopelessly  unprotected  and  quite  incompatible  with  stability,  whilst 
the  alternative  cycloid  could  not  reasonably  be  expected  to  display 
chemical  behaviour  practically  identical  with  the  azethenoid  com- 
pound represented  by  the  first  of  the  above  expressions.  The  latter 
remark  applies  also  to  the  formula: 

suggested  by  analogy  to  Hantzsch's  representation  of  the  alkali 
derivatives  from  oximinoketones.  Thus  the  keystone  of  the 
discussion  is  the  constitution  of  the  simple  hydrazones. 

6.  The  structural  difference  of  compounds  derived  from  the 
azethenoid  and  cyclic  hydrazones : 

CgH,/,  "     and      CgHj./i^NH 

respectively.  The  discussion  of  this  possibility  involves  a  reference 
to  the  early  work  of  Curtius  on  the  interaction  of  hydrazine  hydrate 
and  ketonic  substances.  In  dealing  with  the  constitution  of 
hydrazine  derivatives  from  benzil  and  benzophenone,  Curtius  and 
Thun  (7.  pr.  Chem.,  1891,  [ii],  44,  161)  and,  later,  Curtius  and 
Rauterberg  {loc.  cit.,  p.  192)  distinguish  the  products  by  the 
formulae : 

n"w*^^^'H    ^""^    (c«h,n,c:n-nh„ 

respectively.  Their  principal  reasons  for  doing  so  were  the  superior 
reactivity  of  the  benzophenone  derivative  towards  benzaldehyde, 
although  the  benzilhydrazone  also  condenses  with  that  substance, 
and  the  oxidation  of  the  benzilhydrazone  to  the  corresponding 
derivative  of  diazomethane  by  the  action  of  mercuric  oxide : 

C,H,.CO-CPh<|'^    -^     C,H,-CO-CPh<H. 
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the  benzophenonehydrazone  being  stated  to  yield  a  tetrazone  by 
this  treatment: 

(c,h,)2c:n-nh2  -^   (c,h,)2c:n.n:n.n:c(c,h,)2. 

The  evidence  of  tetrazone-f ormation  will  be  found  on  examination, 
however,  to  be  noticeably  slender,  and  in  the  light  of  our  own 
experiments  we  suggest  that  the  "  tetrazones  "  derived  from  benzo- 
phenonehydrazone  (Curtius  and  Rauterberg,  loc.  cit.),  benzylidene- 
hydrazone  (Curtius  and  Pflug,  loc.  cit.,  p.  535),  and  acetophenone- 
hydrazone  (Curtius  and  Pflug,  loc.  cit.)  are  unstable  derivatives  of 
diazomethane,  corresponding  with  that  obtained  from  benzil- 
hydrazone. 

If  this  suggestion  is  justified  it  would,  at  first  sight,  appear  to 
confirm  the  cyclic  representation  of  the  hydrazones.  But  it  has 
been  already  pointed  out  that  cis-trans-isomerism  of  an  unsub- 
stituted  cyclic  hydrazone  does  not  seem  possible,  and  the  direct 
consequence  of  revealing  isomerism  in  a  simple  hydrazone  is 
therefore  to  discredit  the  cyclic  structure  for  at  least  one  member  of 
the  pair  in  favour  of  the  azethenoid  representation.  How,  then, 
is  the  formation  of  a  diazomethane  derivative  from  an  azethenoid 
hydrazone  to  be  explained  ?  We  suggest  the  following  inter- 
pretation, first  pointing  out  that  it  is  probably  the  self-evidence  of 
the  conclusion  that  a  hydrazone,  convertible  into  a  diazomethane 
derivative  by  mercuric  oxide,  must  be  derived  from  a  cyclic  type, 
which  has  obscured  the  possibility  of  an  alternative  explanation. 
It  seems  to  us  most  likely  that  the  cause  of  this  change  is  to  be 
foimd  in  the  Hofmann-Curtius  reaction,  which,  without  quoting 
other  examples  (Trans.,  1909,  95,  433 ;  Schroeter,  Ber.,  1909,  42, 
2336)  may  be  summarised  in  the  equations: 

X'CO-NHBr  -  HBr  =  X-N:c:0. 

x-co-Ng  -  Ng = x-n:c:o. 

Applying  this  to  the  present  question,  we  have  to  deal  with  a 
case  of  arrested  transformation : 

XgCIN-NHg  -  Hg  =  XaCIN-N     -^     X2C<y  , 

it  being  impracticable  for  the  denuded  atom  of  nitrogen  to  displace 
carbon  from  its  position  in  the  molecule,  with  the  result  that  the 
azethenoid  linking  incurs  a  redistribution  of  valency. 

Although  a  superficial  criticism  of  this  explanation  might  dismiss 
it  as  forced,  and  less  probable  than  the  one  at  present  accepted,  it 
is  strongly  supported  by  the  following  circumstances.  As  already 
pointed  out,  the  isomeric  camphorquinonehydrazones  cannot  both 
have  the  cyclic  structure;  if,  on  the  other  hand,  one  were  cyclic 
and  the  other  azethenoid,  some  difference  in  behaviour  towards  an 
oxidising  agent   should    evince  itself.      But   there  is    none.      Th© 
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o-  and  ^-hydrazones,  dissolved  in  cold  pyridine,  have  been  oxidised 
■with  aqueous  mercury  acetamide  to  diazocamphor,  and  the  pre- 
cipitation of  mercury  takes  place  instantaneously  in  both  cases. 
Moreover,  by  reducing  diazocamphor  in  cold  alcohol  with  ammonium 
sulphide,  both  hydrazones  have  been  regenerated.  It  appears  to 
us  that  these  experiments  point  incontestably  to  stereoisomerism 
of  the  Hantzsch-Werner  type.  Theoretical  considerations  make  it 
clear  that  at  least  one  of  the  hydrazones  must  be  azethenoid,  and 
since  oxidation  of  both  leads  to  diazocamphor,  the  production  of  a 
diazomethane  derivative  from  a  hydrazone  by  this  step  cannot  be 
accepted  any  longer  as  evidence  of  the  cyclic  structure.  Further- 
more, the  fact  that  diazocamphor  yields  both  hydrazones  on 
reduction  vitiates  the  conclusion  that  because  diazomethane  is 
cycloid,  a  hydrogenised  diazocamphor  must  be  a  cyclic  hydrazone. 
On  the  other  hand,  formation  of  both  hydrazones  on  reducing  diazo- 
camphor gives  colour  to  our  hypothesis,  because  if  it  be  admitted 
that  ring-scission  occurs  on  reduction,  anti-  and  syn-modifications 
would  be  produced  simultaneously : 

n     NH.-,  ^^If  ..^^' 

^CO  ^CO  CO 

Moreover,  from  relationships  developed  recently  between  structure 
and  optical  activity  in  the  camphane  series  (Trans.,  1909,  95,  942), 
it  is  to  be  expected  that  a  substance  derived  from  diazocamphor  in 
the  manner  indicated  by  the  formulas: 


'CO  ^co 


Ki 


■would  display  lower  rotatory  power  than  diazocamphor  itself, 
whereas  the  o-  and  )8-hydrazones  of  camphorquinone  both  have 
distinctly  higher  molecular  rotation.  Furthermore,  they  do  not 
differ  greatly  from  one  another  in  respect  of  this  property,  although 
a  considerable  difference  might  be  anticipated  between  an  azethenoid 
and  a  cyclic  hydrazone. 

The  second  chemical  distinction  which  has  been  mentioned  as 
leading  Curtius  to  differentiate  between  cyclic  and  azethenoid 
hydrazones,  namely,  condensation  with  benzaldehyde,  corroborates 
the  evidence  from  oxidation.  When  suspended  in  cold  water  and 
shaken  with  this  agent,  both  hydrazones  undergo  immediate  con- 
densation, indicated  by  a  change  of  colour,  since  the  benzylidene 
derivative  is  deep  yellow.  The  final  product  is  the  same  whether 
the  a-  or  the  )8-hydrazone  is  employed  as  starting-material,  but  the 
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deeper  colour  generated  by  the  latter  substance,  and  the  delay  in 
solidification  shown  by  the  product,  suggest  the  preliminary 
formation  of  an  unstable  )8-benzylidene  compound. 

Before  concluding,  we  ought  to  mention  that  there  is  one  dis- 
tinction existing  between  the  members  of  each  pair  which  will 
doubtless  be  quoted  as  evidence  in  conflict  with  our  explanation.  It 
is  a  fact  that  whilst  the  a-hydrazone,  a-semicarbazone,  and  a-phenyl- 
carbamylhydrazone  are  colourless,  the  j8-modifications  are  faintly 
yellow.  It  was  by  a  distinction  of  this  order  that  Armstrong  and 
Robertson  (loc.  cit.)  attempted  to  justify  their  representation  of  the 
phenylmethylhydrazone  and  phenylbenzylhydrazone  of  camphor- 
quinone  as  "  phanes,"  whilst  retaining  the  azethenoid  structure  for 
the  diphenylhydrazone,  and  if  the  same  principle  were  applied  to 
the  substances  described  herein,  the  colourless  a-hydrazone  and  its 
derivatives  would  be  represented  as  cycloid,  whilst  the  yellow 
/S-compounds  would  be  labelled  azethenoid.  In  the  foregoing 
remarks  we  have  endeavoured  to  show  that  this  cannot  be  accepted, 
but  even  if  that  evidence  could  be  swept  aside,  we  still  hold  that 
the  conclusion  from  colour  is  in  support  of  our  hypothesis,  which 
regards  the  a-  and  j3-derivatives  as  anti-  and  syTi-carbonylic  respec- 
tively : 

^^^  C-N 

o-HyJrazone,  a-semicarbazone,  )8-Hy(lrazone,  jS-seinicarbazone, 

and  o-phenylcarbamylhydrazone.  and  j8-phenylcarbamylhydrazone. 

For  it  cannot  be  denied  that  from  the  conflict  of  views  as  to  the 
relation  between  colour  and  constitution  there  does  emerge  this 
principle,  that  colour  appears  to  be  associated  with  a  concentration 
of  unsaturated  atoms.  Clearly  there  is  a  more  intimate  massing  of 
such  atoms  in  the  )8-compounds  as  represented  above  than  in  their 
isomerides,  and  it  is  fair  to  claim  this  point  as  favouring  the  stereo- 
chemical hypothesis.  In  further  support  of  the  latter,  it  may  be 
stated  that  the  only  chemical  distinction  between  the  members  of 
each  pair  which  has  yet  come  to  light  is  to  be  found  in  the  behaviour 
of  the  semicarbazones  towards  aqueous  alkali.  Whilst  the  o-semi- 
carbazone  forms  a  yellow  solution  which  does  not  undergo  spon- 
taneous alteration,  the  dissolved  )8-semicarbazone  quickly  loses  its 
colour,  and  on  acidifying  the  liquid  there  is  liberated  the 
oxytriazine :  *  - 
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production  of  which  is  obviously  more  favoured  by  the  syi> 
carbonylic  configuration  than  by  the  alternative  one. 

These,  then,  are  our  principal  reasons  for  inclining  to  the  stereo- 
chemical representation  of  the  camphorquinonehydrazones  and  their 
derivatives  described  in  this  paper.  If  this  interpretation  finds 
acceptance,  it  carries  with  it  fresh  evidence  in  support  of  the 
Hantzsch-Wemer  hypothesis. 

Experimental. 
Action  of  Hydrazine  Hydrate  on  Camphorquinone. 

A  zocamphanone. — Twelve  grams  of  hydrazine  hydrochloride,  dis- 
solved in  100  c.c.  of  water,  were  treated  with  12  grams  of  potassium 
hydroxide,'  and,  when  cold,  mixed  with  33  grams  of  camphor- 
quinone  in  100  c.c.  of  hot  alcohol.  During  one  hour  at  40°  the 
appearance  of  the  liquid  had  completely  changed,  owing  to  the 
separation  of  a  bulky,  pale  yellow  precipitate;  this  was  collected, 
washed  with  50  per  cent,  alcohol,  and  found  to  weigh  29  grams. 
The  product  was  dissolved  in  400  c.c.  of  boiling  alcohol,  which 
deposited  lustrous,  six-sided,  transparent  plates,  almost  rhombo- 
hedral  in  form;  becoming  deep  yellow  at  195°,  it  melted  and 
decomposed  at  218°.  (Found,  N  =  8'75;  CooHjsOoNg  requires 
N  =  8"53  per  cent.)  This  compound  is  the  "  azocamphanone  "  of 
Angeli  {loc.  cit.),  who  records  222°  as  the  melting  point,  whilst 
Oddo  gives  217 — 218°.  It  does  not  reduce  hot  Fehling's  solution, 
and  is  not  hydrolysed  by  a  hot  20  per  cent,  solution  of  alcoholic 
potassium  hydroxide;  concentrated  hydrochloric  acid,  however, 
when  mixed  with  an  alcoholic  solution  and  boiled,  eliminates 
hydrazine,  but  cold  concentrated  sulphuric  acid,  although  forming 
a  deep  yellow  solution,  does  not  resolve  azocamphanone  into 
hydrazine  and  camphorquinone.  An  alcoholic  solution  does  not 
change  when  heated  with  an  aqueous  solution  of  mercury  acetamide. 

When  powdered  or  in  separate  crystals,  azocamphanone  appears 
colourless,  but  when  viewed  in  bulk  it  has  a  yellow  tinge,  and 
solutions  are  deep  yellow;  03104  gram,  dissolved  in  chloroform 
and  made  up  to  25  c.c,  gave  Oj,  4°20'  in  a  2-dcm.  tube,  whence 
[a]jy  1745°  and  [M]p  571°,  not  790°,  as  previously  stated  in  error 
(Trans.,  1909,  95,  948). 

The  Isomeric  Cam■phorquinonehydra^ones,Q•^^^<^L  '. — An 

aqueous  solution  of  hydrazine  hydrate  prepared  from  30  grams 
of  hydrazine  sulphate  and  24  grams  of  potassium  hydroxide  in 
150  c.c.  of  water  was  mixed  with  33  grams  of  camphorquinone, 
dissolved  in    150   c.c.   of   hot   alcohol.     After  three  hours  at   40°, 
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23  grams  of  pale  brown  crystals  had  separated,  quite  distinct  in 
appearance  from  the  bulky  precipitate  of  azocamphanone,  and  a 
current  of  steam  having  been  passed  through  the  filtrate  until  all 
volatile  matter  was  removed,  a  further  2  grams  crystallised  from 
the  hot  liquid,  so  that  under  these  conditions  the  yield  of 
o-hydrazone  amounted  to  75  per  cent.  There  was  not  any  azo- 
camphanone or  camphorquinone,  and  after  recrystallisation  from 
about  400  c.c.  of  boiling  alcohol,  the  o-hydrazone  separated  in  long, 
lustrous,  transparent  prisms,  melting  and  evolving  gas  at  206° : 

0-2538  gave  0-6189  OOg  and  0-2037  HoO.     C  =  66-51 ;  H  =  8-98. 

0-1418     „  18-9  c.c.  Ng  at  15°  and  751*5  mm.     N  =  15-43. 
CioHjeONg  requires  C  =  66-66;  H  =  8-88;  N  =  15'55  per  cent. 

The  a-hydrazone  and  its  solutions  are  colourless,  but  large  crystals 
frequently  have  a  brown  tinge;  0-3110  gram,  dissolved  in  chloroform 
and  made  up  to  25  c.c,  gave  Op  7°9'  in  a  2-dcm.  tube,  whence 
[a]jj  287-4°.  The  compound  is  insoluble  in  petroleum,  and  is  not 
readily  soluble  in  other  media  even  when  these  are  boiled ;  acetone 
or  benzene  is  a  convenient  solvent  from  which  to  obtain  it  in 
colourless  crystals,  but  upwards  of  100  c.c.  of  the  latter  solvent  at 
the  boiling  point  are  required  to  dissolve  1  gram  of  the  substance. 
It  is  readily  soluble,  however,  in  warm  phenol,  and  sparingly  so  in 
cold  pyridine. 

A  solution  in  chloroform  decolorises  bromine  immediately,  and 
ammoniacal  silver  oxide  is  reduced  when  warmed  with  the  alcoholic 
solution.  On  adding  solid  sodium  nitrite  to  a  cold  suspension  of  the 
o-hydrazone  in  glacial  acetic  acid,  the  salt  assumed  a  transient 
purple  tint,  whilst  the  liqiiid  became  yellow  and  evolved  gas;  on 
diluting  the  acetic  acid  with  water,  azocamphanone  was  precipitated. 

On  passing  a  current  of  steam  through  the  filtrate  from  the 
o-hydrazone  as  prepared  under  the  foregoing  conditions,  3  grams 
of  a  straw-yellow,  crystalline  material  were  carried  over.  The  yield 
of  this  compound,  however,  was  trebled  by  adding  40  grams  of 
hydrazine  hydrate  to  50  grams  of  camphorquinone  dissolved  in 
75  c.c.  of  alcohol,  when  the  deep  yellow  colour  changed  immediately 
to  pale  brown;  copious  precipitation  of  the  a-hydrazone  took  place 
after  a  very  short  interval,  and  at  the  end  of  half  an  hour  the 
liquid  was  filtered  and  subjected  to  a  current  of  steam.  The  solid 
distillate,  consisting  of  )8-hydrazone,  weighed  12-5  grams,  whilst 
2  grams  more  were  obtained  by  extracting  the  distilled  water 
(1200  c.c.)  with  ether;  the  yield  of  accompanying  o-hydrazone  was 
66- 6  per  cent.,  and  if  both  compounds  are  required,  the  above 
conditions  of  procedure  are  the  most  economical.  The  i8-hydrazone 
was  recrystallised  twice  from  boiling  petroleum  (b.  p.  60 — 80°), 
12  grams  requiring  120  c.c.  of  the  solvent,  which  deposited  long, 
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lustrous,  straw-yellow  needles   or  transparent   prisms,   melting    at 
102^: 

0-2038  gave  0-4975  COg  and  01632  H^O.     C  =  66-59;  H  =  8-96. 

01864     „  26-6  c.c.  Ng  at  25°  and  754  mm.     N  =  15-79. 
C10H16ON2  requires  C  =  66-66;  H  =  8-88;  ]Sr  =  15-55  per  cent. 

The  substance  has  a  faint  odour  suggesting  that  of  bomylamine ; 
it  is  readily  soluble  in  organic  media,  excepting  petroleum.  A 
solution  containing  0-3134  gram,  made  up  to  25  c.c.  with  chloroform, 
gave  Ojj  5°48'  in  a  2-dcm.  tube,  whence  [0]^  231-3°.  An  alcoholic 
solution  reduces  cold  ammoniacal  silver  oxide,  and  a  solution  in 
chloroform  decolorises  bromine  immediately. 

Intercom- ersion  of  the  Eydrazones. 

On  melting  the  )8-hydrazone,  it  was  noticed  that  if  the  temperature 
of  the  bath  is  raised  to  150 — 160°  the  liquid  solidifies,  and  this 
change  was  found  to  be  due  to  conversion  into  the  isomeride,  which 
is  readily  isolated  by  recrystallisation  from  hot  alcohol.  The 
converse  transformation  cannot  be  brought  about  by  merely  melting 
the  o-hydrazone,  because  this  modification  slowly  loses  nitrogen  at 
205 — 210°,  yielding  camphor: 

If,  however,  the  o-hydrazone  is  dissolved  in  molten  paraffin  wax, 
and  maintained  at  180°  during  a  few  minutes,  it  is  a  simple  matter 
to  demonstrate  the  formation  of  the  )3-hydrazone  by  suspending 
the  product  in  hot  water,  and  passing  a  current  of  steam  through 
the  liquid,  when  the  volatile  modification  is  carried  into  the 
condenser. 

Action  of  Sulphuric  Acid  on  the  Eydrazones. 

The  hydrazones  behave  exactly  alike  towards  sulphuric  acid. 
When  covered  with  the  warm  agent  of  30  per  cent,  strength,  a 
clear  solution  is  formed  almost  immediately,  and  this  at  once 
becomes  turbid,  setting  to  a  paste  of  azocamphanone  in  the  course 
of  a  few  minutes;  on  extracting  the  filtered  product  with  boiling 
alcohol,  crystals  of  hydrazine  sulphate  remain  undissolved.  With 
10  per  cent,  acid,  a  clear  solution  is  not  produced,  because  the 
dissolution  of  the  hydrazone  is  overtaken  by  the  separation  of 
azocamphanone. 
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Acyl  Derivatives  of  the  Eydrazones. 

The  a-Formyl  Derivative,  CgHj^-c^  i '  . — On  dissolving 

1  gram  of  the  o-hydrazone  in  10  grams  of  formic  acid  (D  1*2), 
the  pale  yellow  solution  remained  clear  during  a  few  seconds, 
when  a  shower  of  crystals  separated;  the  derivative  was 
recrystallised  from  boiling  alcohol,  of  which  about  70  c.c.  were 
required  by  1  gram,  and  was  deposited  in  colourless,  lustrous,  six- 
sided  plates,  which  displayed  frequent  twinning.     It  melts  at  234° : 

0-1240  gave  14-6  c.c.  Ng  at  18°  and  757  mm.     N  =  13-54. 
CiiHjg02N2  requires  N  =  13-45  per  cent. 

The  formyl  derivative  is  insoluble  in  boiling  petroleum,  and 
dissolves  sparingly  in  methyl  alcohol,  benzene,  acetone,  and  chloro- 
form unless  these  solvents  are  heated,  15  c.c.  of  the  last>named, 
for  example,  dissolving  about  one  decigram  until  warmed;  it  is 
more  readily  soluble  in  pyridine  and  glacial  acetic  acid.  A  solution 
containing  0*1720  gram,  made  up  to  25  c.c.  with  chloroform,  gave 
Oj)  3°33'  in  a  2-dcm.  tube,  whence  [aj^  2580°.  On  adding  ferric 
chloride  to  an  alcoholic  solution,  a  pale  brown  coloration  is 
developed,  whilst  that  with  copper  acetate  is  grass-green.  Aqueous 
alkalis  dissolve  the  substance  readily,  producing  a  bright  yellow 
solution,  and  on  adding  ferrous  sulphate  to  the  diluted  liquid  a 
dark  bluish-green  precipitate  is  formed;  when  the  alkaline  solution 
is  left  at  the  laboratory  temperature,  the  colour  quickly  fades,  and 
the  o-hydrazone  separates. 

The  same  formyl  derivative  was  also  produced  by  the  action  of 

the  acid  on  the  i8-hydrazone.     An   attempt  to  prepare  a   benzoyl 

derivative  by  the  action  of  benzoyl  chloride  on  the  formyl  compound 

dissolved  in  pyridine  was  not  successful. 

,  T.    •      •         ^.  Tx   /C:n-nh-co-ch„      ,,,, 
The  a-Acetyl  Derivative,      C;gHj^<^i  ^. — Although 

UO 

dissolving  readily  in  cold  formic  acid,  the  o-hydrazone  is  only 
moderately  soluble  in  cold  glacial  acetic  acid ;  it  dissolves  on  warm- 
ing the  liquid,  but  does  not  crystallise  readily  even  on  dilution, 
owing  to  partial  acetylation.  The  substance  was  therefore  warmed 
with  five  parts  of  acetic  anhydride,  when  the  acetyl  derivative 
separated  as  a  paste  of  crystals  at  the  moment  of  complete  dis- 
solution in  the  hot  liquid ;  recrystallisation  from  a  considerable 
proportion  of  boiling  alcohol  gave  long,  lustrous,  snow-white 
needles,  melting  and  decomposing  at  239° : 

01047  gave  US  c.c.  Ng  at  17°  and  760  mm.     N  =  1307. 
0x2^18^2^2  requires  N  =  12'61  per  cent. 


STUDIES   IN   THE   CAMPHANE   SERIES.      PART   XXVlII.      2169 

A  solution  containing  0*2226  gram,  made  up  to  20  c.c.  -with 
chloroform,  gave  ap  d^oA'  in  a  2-dcm.  tube,  whence  [o]i,  265-5°. 
The  compound  dissolves  freely  in  dilute  aqueous  alkali,  developing 
a  bright  yellow  coloration,  and  the  solution  yields  an  intense  bluish- 
green  precipitate  with  ferrous  sulphate;  0-2083  gram,  dissolved  in 
5  c.c.  of  10  per  cent,  sodium  hydroxide  and  diluted  to  25  c.c.  with 
water,  gave  Oj,  4°12'  in  a  2-dcm.  tube,  whence  [a]u  252-0°.  In 
process  of  time,  the  colour  of  the  alkaline  solution  fades,  and  the 
o-hydrazone  separates  from  the  liquid. 

The  ^-Acetyl  Derivative. — ^On  dissolving  the  ;8-hydrazone  in  five 
parts  of  cold  acetic  anhydride,  the  temperature  rose  slightly,  and 
long,  fiat,  transparent  prisms  began  to  separate  in  the  course  of  a 
few  minutes;  after  recrystallisation  from  boiling  petroleum,  the 
substance  was  found  to  be  pale  yellow,  and  melted  at  150° : 
0-1297  gave  14-5  c.c.  Ng  at  18°  and  760  mm.     N  =  12-91. 

C12H18O2N2  requires  N  =  12-61  per  cent. 
A  solution  containing  0-3890  gram,  made  up  to  25  c.c.  -with 
chloroform,  gave  Oj,  6°58'  in  a  2-dcm.  tube,  whence  [ojj,  223-8°. 
The  solution  in  aqueous  alkali  has  the  same  appearance  as  that  of 
the  o-acetyl  derivative,  developing  a  similar  precipitate  with 
ferrous  sulphate;  in  the  course  of  some  hours,  the  yellow  colour 
fades,  and  the  liquid  deposits  crystals  of  the  a-hydrazone. 

When  the  )3-acetyl  derivative  is  heated  at  temperatures  above 
its  melting  point,  varying  proportions  of  the  a-acetyl  compound  are 
produced,  but  the  conversion  is  not  complete ;  moreover,  on  heating 
the  a-acetylhydrazone  in  acetic  anhydride,  a  certain  amount  of  the 
/3-isomeride  may  be  isolated  from  the  product. 

The      a-Benzoyl      Denvative,      C8H,,<V;;    ^  rx  y.KJ  ^^a,  _^^^ 

a-hydrazone  requires  about  25  parts  of  pyridine  to  maintain  a  clear 
solution  at  zero,  and  on  adding  the  calculated  amount  of  benzoyl 
chloride,  also  dissolved  in  ice-cold  pyridine,  the  hydrochloride  of 
the  base  separated,  the  benzoyl  derivative  being  precipitated  on 
dilution  with  water;  recrystallisation  from  boiling  alcohol,  in 
which  it  is  sparingly  soluble,  gave  tough,  lustrous,  snow-white 
needles,  becoming  yellow  above  200°,  and  melting  at  219 — 222°, 
according  to  the  rate  at  which  the  temperature  is  raised : 

01322  gave  114  c.c.  Nj,  at  16°  and  757  mm.     N=10-01. 
C17H20O2N2  requires  N  =  9-86  per  cent. 

The  substance  is  not  readily  soluble  in  chloroform,  and  a  solution 
containing  02135  gram,  made  up  to  50  c.c.  with  this  solvent,  gave 
Ojj  1°45'  in  a  2-dcm,  tube,  whence  [aj^  2049°.  Although  in  part 
dissolved  by  2  per  cent,  aqueous  sodium  hydroxide,  the  benzoyl 
derivative  did  not  form  a  clear  solution;  01904  gram,  suspended 
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in  about  20  c.c.  of  the  agent,  was  made  up  to  50  c.c.  -with  absolute 
alcohol,  the  clear,  deep  yellow  liquid  giving  Oj,  1°50'  in  a  2-dcin. 
tube,  whence  [o]d  240-7°. 

On  attempting  to  prepare  a  benzoyl  derivative  of  the  i8-hydrazone, 
the  principal  product  was  found  to  consist  of  the  substance  just 
described,  but  the  residue  from  the  mother  liquor  remained  oily 
during  many  months,  suggesting  that  both  isomerides  are  formed. 
The  a-benzoyl  derivative  was  obtained  also  by  mixing  equal 
quantities  of  camphorquinone  and  benzoylhydrazine  in  dilute 
alcohol,  crystals  separating  after  two  hours  at  40°;  in  this  case, 
also,  the  filtrate  deposited  an  oil,  indicating  the  presence  of  a 
mixture. 


Benzylidene  Derivative  of  Camphorquinonehydrazone, 
C  H   A'^ 


,C:N-N:CH-CeH5 


The  ft-hydrazone  was  finely  powdered,  mixed  with  the  calculated 
amount  of  benzaldehyde,  and  heated  with  a  few  c.c.  of  alcohol 
during  two  or  three  minutes;  crystals  did  not  separate  on  cooling, 
but  water  precipitated  a  yellow  oil,  which  quickly  became  solid,  and 
was  recrystallised  from  boiling  petroleum  (b.  p.  60 — 80°).  The 
massive,  yellow  crystals  melted  at  109"5° : 

0-1253  gave  12-0  c.c.  Ng  at  20-5°  and  758  mm.     N  =  10-90. 
Ci7H2oO]Sr2  requires  N  =  10"44  per  cent. 

The  substance  is  freely  soluble  in  chloroform,  benzene,  acetone, 
alcohol,  and  ethyl  acetate,  but  only  moderately  so  in  warm 
petroleum;  a  solution  containing  0'3035  gram,  made  up  to  20  c.c. 
with  chloroform,  gave  o^  4°50'  in  a  2-dcm.  tube,  whence  [ojj,  159-2°. 
It  is  also  produced  immediately  on  shaking  the  finely  powdered 
hydrazone  with  water  and  benzaldehyde,  but  the  method  is  not 
convenient,  as  a  portion  of  the  hydrazone  remains  mechanically 
protected. 

The  same  benzylidene  derivative  is  produced  on  agitating  the 
j3-hydrazone  suspended  in  water  with*  the  aldehyde,  the  deep  yellow 
colour  of  the  condensation  product  becoming  noticeable  imme- 
diately. Owing  to  the  solubility  of  the  i8-hydrazone  in  water,  none 
escapes  combination,  but  the  product  remains  liquid  during  many 
days,  although  rapidly  •becoming  solid  when  heated  to  100°  and 
scratched.  * 

Another  example  of  the  capacity  of  the  hydrazones  for  taking 
part  in  condensation  changes  was  given  by  heating  an  alcoholic 
solution  of  the  a-hydrazone  and  camphorquinone  in  molecular  pro- 
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portion  during  twelve  hours  under  reflux,  when  azocamphanone 
was  produced : 

Oxidation  of  the  Hydrazones  to  Diaiocamphor. 

Since  it  was  desirable  to  study  the  oxidation  of  the  hydrazones 
under  conditions  precluding  the  likelihood  of  preliminary  inter- 
conversion,  it  occurred  to  us  that  mercury  acetamide,  owing  to  its 
solubility  in  cold  water,  might  be  a  more  suitable  agent  than 
mercuric  oxide,  a  study  of  the  acetamide  compound  having  shown 
that  it  acts  rapidly  on  primary  hydrazines  with  precipitation  of 
mercury  (Trans.,  1898,  73,  783).  Experiment  showed  that  the 
behaviour  of  the  isomeric  hydrazones  of  camphorquinone  towards 
this  agent  distinguishes  itself  sharply  from  the  indifference  of  azo- 
camphanone. It  having  been  first  ascertained  that  the  )3-hydrazone 
is  not  transformed  into  the  isomeride  by  dissolution  in  pyridine, 

1  gram   dissolved   in  3   c.c.   of   the  cold  solvent  was  treated  with 

2  grams  of  mercury  acetamide  in  3  c.c.  of  cold  water,  the  metal 
being  precipitated  immediately.  The  production  of  the  diazo- 
compound  was  indicated  on  extracting  with  ether,  which  became 
deep  yellow,  and,  after  evaporation,  the  pyridine  residue  jrielded 
0*8  gram  of  diazocamphor  on  dilution  with  water;  recrystallisation 
from  petroleum  (b.  p.  40°)  gave  long,  striated,  yellow  prisms, 
melting  at  73—74°. 

Procedure  in  the  case  of  the  o-hydrazone  was  modified  by  the 
sparing  solubility  of  the  substance,  5  grams  of  which  were  dissolved 
in  80  c.c.  of  hot  pyridine,  cooled  to  50 — 60°,  and  treated  with  10 
grams  of  mercury  acetamide  in  30  c.c.  of  warm  water ;  mercury  was 
precipitated  immediately,  and  4  grams  of  diazocamphor  obtained. 
A  solution  containing  04605  gram  of  the  diazo-compound,  made 
up  to  25  c.c.  with  chloroform,  gave  Oj,  4°58'  in  a  2-dcm.  tube, 
whence  [a]^  1348°. 

Seduction  of  Diazocamphor  to  the  Hydrazones. 

A  20  per  cent,  solution  of  diazocamphor  in  absolute  alcohol  was 
saturated  with  hydrogen  sulphide  without  undergoing  any  change 
in  appearance,  but  on  adding  a  few  drops  of  dilute  ammonia  and 
again  passing  the  gas,  the  liquid  became  pale  brown,  and  gradual 
separation  of  the  a-hydrazone  took  place ;  on  subjecting  the  filtrate 
to  steam  distillation,  a  small  proportion  of  the  jS-hydrazone  was 
carried  over.  As  it  is  a  matter  of  importance  to  establish  the 
production   of  both  compounds   without  question,  the   experiment 

7  c  2 
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was  repeated  at  zero,  when  it  was  found  that  the  precipitation  of 
the  o-hydrazone  was  diminished,  and  the  yield  of  )3-hydrazone  was 
proportionately  increased. 

Reduction  of  the  a-Hydrazone  to  a-Aminocamphor. 

Owing  to  the  readiness  with  which  the  hydrazones  undergo 
acetylation,  a  certain  amount  of  the  a-acetyl  derivative  is  formed 
on  attempting  to  reduce  the  a-hydrazone  with  zinc  dust  and  acetic 
acid ;  it  is  precipitated,  however,  when  the  acid  is  neutralised.  On 
adding  a  further  quantity  of  alkali  to  the  filtrate,  ammonia  is  set 
free,  and  ether  extracts  aminocamphor,  which  may  be  identified 
by  conversion  into  the  oxime;  a  specimen  of  aminocamphoroxime 
obtained  in  this  way  melted  at  144 — 145°. 

The  Isomeric  Camphorquinonesemicarbazones, 

c:n-nh-co.nh2 

^8^i*<C0 

The  discovery  of  a  second  camphorquinonesemicarbazone  arose 
from  the  observation  that  on  evaporating  the  filtrate  from  the 
substance  described  by  Lapworth  and  Chapman,  there  is  deposited 
an  oil  which,  by  treatment  with  very  dilute  aqueous  alkali,  is 
divisible  into  two  solids;  one  passes  into  solution,  and  consists  of 
the  derivative  already  known,  whilst  the  new  semicarbazone  remains 
suspended. 

A  solution  containing  33'2  grams  of  camphorquinone  in  150  c.c. 
of  alcohol  was  mixed  with  semicarbazide  acetate  prepared  from 
22*2  grams  of  the  hydrochloride  and  27  grams  of  crystallised 
sodium  acetate  in  100  c.c.  of  water;  the  liquid,  from  which  crystals 
of  the  a-semicarbazone  quickly  separated,  was  transferred  to  a 
stoppered  filtering  flask  connected  with  a  water-pump,  the  alcohol 
being  evaporated  at  the  laboratory  temperature  during  six  to  eight 
hours,  when  drops  of  oil  became  noticeable  among  the  crystals. 
From  the  resulting  sludge  about  16  grams  of  the  less  soluble  o-semi- 
carbazone  were  filtered,  the  mother  liquor  being  poured  into  water 
and  treated  with  alkali  hydroxide  until  a  faint  yellow  colour 
persisted;  the  suspended  oil  became  solid  when  stirred,  and  con- 
sisted of  the  more  soluble  )8-semicarbazone  mixed  with  a  small 
proportion  of  the  isomeride.  In  order  to  remove  the  latter,  the 
filtered  product  was  ground  three  or  four  times  with  10  c.c.  of 
2  per  cent,  aqueous  sodium  hydroxide,  the  filtration  necessary  after 
each  extraction  being  carried  out  as  quickly  as  possible,  because 
although  the  o-semicarbazone  dissolves  in  weak  alkali  without  delay, 
the  )8-modification  is  also  soluble,  but  very  slowly.  The  pale  yellow 
powder  was  then  extracted  twice  with  300  c.c.  of  boiling  water,  the 
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crystalline  deposit  (6  grams)  from  this  being  recrystallised  from 
25  c.c.  of  warm  benzene,  to  which  the  same  volume  of  petroleum 
was  added.  At  this  stage  the  purification  was  complicated  by  the 
fact  that  follo-R-ing  closely  on  the  slender,  yellow  crystals  of  the 
/3-semicarbazone  there  appeared  opaque  nodules  containing  the 
isomeride. 

Camphorquinone-a-semicarbazone  is  the  substance  described  by 
Lapworth  and  Chapman  (Joe.  cit.).  It  crystallises  from  alcohol  in 
lustrous,  colourless  prisms,  melting  and  evolving  gas  at  236°,  after 
sint-ering  and  becoming  yellow  at  about  230°;  it  is  much  less 
readily  soluble  in  organic  media  than  the  isomeride,  and  is  insoluble 
in  petroleum.  A  solution  containing  0*3152  gram,  made  up  to 
20  c.c.  with  methyl  alcohol,  gave  Oj,  8°45'  in  a  2-dcm.  tube,  whence 
[o]jj  2776°.  As  distinguished  from  the  /3-compound,  it  dissolves 
immediately  in  dilute  alkali,  and  0'3344  gram  in  sufficient  potassium 
hydroxide,  made  up  to  25  c.c.  with  water,  gave  a^  8°55'  in  a  2-dcm. 
tube,  whence  [o]jj  3333°;  this  remained  constant  during  six  days, 
and  the  semicarbazone  precipitated  from  the  solution  by  acetic 
acid  was  unchanged  material.  Nevertheless,  on  heating  with  10  per 
cent,  potassium  hydroxide  during  three  to  four  days,  camphor  was 
gradually  produced.  Cold  concentrated  sulphuric  acid  dissolves 
the  a-semicarbazone,  and  gradually  changes  it  to  azocamphanone, 
which  is  precipitated  on  pouring  the  liquid  into  water ;  if,  however, 
the  hot  acid  is  used,  a  certain  amount  of  camphorquinone  is 
produced.  An  estimation  of  the  molecular  weight  in  boiling 
chloroform  gave  236  instead  of  223, 

Camp?iorguinone-fi-semicarbazone  crystallises  in  pale  yellow 
prisms,  melts  at  147°,  and  is  readily  soluble  in  alcohol,  acetone, 
ethyl  acetate,  chloroform,  ether,  or  benzene,  but  dissolves  only 
sparingly  in  hot  water  or  boiling  petroleum : 

0-2328  gave  0-5037  CO2  and  01539  HoO.     C  =  59-03;  H  =  7-66. 
0-3225     „  54-8  c.c.  Ng  at  25°  and  754  mm.     N  =  18-79. 
CiiHiyOoNj  requires  C  =  59-19;  H  =  7-62;  N  =  18-83  per  cent. 
A  solution    containing    03152  gram,   made  up   to  20   c.c.   with 
methyl  alcohol,  gave  Ojj  6°20'  in  a  2-dcm.  tube,  whence  [o]d  2009°. 
When  covered  with  aqueous  alkali  hydroxide,  the  iS-semicarbazone 
does  not   appear   to  dissolve;    if,  however,  the   solid   substance  is 
thrown  into  hot  10  per  cent,  sodium  hydroxide,  there  is  produced 
immediately  a  deep  yellow  solution,  the  colour  of  which  gradually 
fades,  owing  to  the  formation  of  the  oxytriazine  (see  below).     On 
raising  the  temperature  of  the  fused  /S-semicarbazone  to  about  190°, 
the  substance  became  solid,  and  the  o-semicarbazone  was  found  to 
have  been  produced. 
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Conversion  of  the  Semicarhazones  into  the  Acetylhydrazones. 

The  semicarbazones  were  separately  heated  with  boiling  acetic 
anhydride  during  one  hour,  the  solid  product  obtained  in  each 
case,  on  pouring  the  liquid  into  water,  being  found  to  consist  of  a 
mixture  of  the  a-  and  )8-acetyl  derivatives  of  the  hydrazones.  The 
transformation  was  not  easy  to  establish  experimentally,  because 
the  relative  solubility  of  the  acetyl  derivatives  in  alkali  exactly 
resembles  that  of  the  semicarbazones  themselves,  and  as  the  melting 
points  of  the  latter  differ  from  those  of  the  respective  acetyl 
hydrazones  by  3°  only  in  each  case,  the  preliminary  experiments  led 
to  the  supposition  that  the  semicarbazones  are  directly  inter- 
convertible by  the  action  of  the  agent  in  question. 

The  Tsomeric  Gamfhorquinoncphenylcarhamylhydrazonez, 


^^\^K. 


C:N-NH-CO-NH-aH 


CO 


These  derivatives  were  prepared  by  three  different  methods. 

(1)  Action  of  hot  aniline  on  the  o-  and  i8-semicarbazones,  each 
of  which  gave  both  phenylcarbamylhydrazones. 

(2)  Condensation  of  camphorquinone  with  phenylcarbamyl- 
hydrazide,  also  yielding  a  mixture. 

(3)  Interaction  of  phenylcarbimide  and  the  a-  and  jS-hydrazones, 
which  led  to  the  individual  phenylcarbamylhydrazones,  respectively. 

Gain'phorquinone-a-'phenylcarhamylhydrazone. — Four  grams  of 
the  a-semicarbazone  were  dissolved  in  20  c.c.  of  aniline,  and  heated 
ten  minutes  at  the  boiling  point  of  the  solvent,  ammonia  being 
liberated  freely  before  this  temperature  was  reached;  the  cooled 
liquid  was  diluted  with  its  volume  of  alcohol,  and  poured  into 
200  c.c.  of  10  per  cent,  acetic  acid  at  zero.  The  precipitated  oil 
quickly  hardened  when  scratched,  and  on  dissolving  the  product 
in  80  c.c.  of  hot  methyl  alcohol,  the  a-phenylcarbamylhydrazone 
crystallised  in  thick,  colourless  plates,  melting  at  211°,  whilst  the 
isomeride  remained  dissolved : 

0-2494  gave  06096  COg  and  0-1656  HgO.     C  =  66-67;  H  =  7-43. 

0-1660     „  20-3  c.c.  Ng  at  24°  and  761-5  mm.     N  =  13-75. 
Cj7H2i02N3,iCH40  requires  C  =  66-64;  H  =  7-30;  N-13-33  per  cent. 

The  transparent  crystals  became  opaque  in  the  steam-oven,  owing 
to  loss  of  crystal-alcohol : 

0-2462  gave  0-6158  CO2  and  0-1546  H2O.     0  =  6823;  H  =  7-03. 
C17H21O2N3  requires  C  =  68-23;  11  =  703  per  cent. 

Ordinary  solvents,  excepting  petroleum,  dissolve  the  substance 
readily,   but,  unlike   the  o-semicarbazoue,  it  is   insoluble  in    cold 


STUDIES   IN   THE   CAMPHANE   SERIES.      PART   SXVIII.      2175 

aqueous  alkali  hydroxide,  although  dissolving  when  heated,  with 
development  of  a  yellow  coloration.  A  solution  containing  0*2207 
gram,  made  up  to  25  c.c.  with  chloroform,  gave  Oj,  4°3'  in  a  2-dcm. 
tube,  whence  [a]^  229-3°.  An  estimation  of  the  molecular  weight 
by  depression  of  the  melting  point  of  benzene  gave  327  instead 
of  299. 

Camphorquinone-^-'phenylcar'bamylhydrazone. — From  the  mother 
liquor  of  the  foregoing  substance  there  gradually  separated  long, 
slender,  silky  needles,  in  which  a  few  small  crystals  of  the 
o-compound  were  embedded,  and  as  the  latter  remained  undissolved 
on  rapidly  warming  the  liquid,  it  was  possible  to  isolate  the 
iS-modification  without  much  difficulty,  the  final  recrystallisation 
being  effected  by  adding  petroleum  to  a  solution  of  the  needles  in 
benzene.     The  substance  is  very  pale  yellow,  and  melts  at  161°: 

0-2142  gave  0-5346  CO,  and  01372  H2O.     0  =  6810;  H  =  7-17. 

0-1062     „  13-9  c.c.  N2  at  24°  and  754  mm.     N=  14-55. 
O1-H21O2N3  requires  0  =  68- 23;  H  =  7-03;  N  =  14-09  per  cent. 

In  all  common  media  the  solubility  of  the  iS-phenylcarbamyl- 
hydrazone  scarcely  differs  from  that  of  the  isomeride,  but  the 
tendency  to  form  supersaturated  solutions  is  much  greater.  A 
solution  containing  0-2128  gram,  made  up  to  25  c.c.  with  chloro- 
form, gave  Oj)  3°16'  in  the  2-dcm.  tube,  whence  [o]jj  191-9°. 

As  in  the  case  of  the  )8-semicarbazone,  transformation  into  the 
o-modification  was  readily  accomplished  by  heating  the  i8-phenyl- 
carbamylhydrazone  above  its  melting  point;  the  clear  liquid  which 
had  been  carried  to  200°  remained  vitreous  on  cooling,  but  imme- 
diately became  crystalline  on  being  scratched  in  presence  of  a  small 
quantity  of  methyl  alcohol. 

In  preparing  the  phenylcarbamylhydrazones  by  the  foregoing 
method,  it  was  noticed  that  the  proportion  of  the  two  modifications 
depends  on  the  duration  of  heating  and  on  the  temperature 
reached.  This  is  explained  by  the  fact  that  either  is  convertible 
into  the  other  isomeride  by  the  action  of  hot  aniline,  each 
individual  yielding  an  equilibrium  mixture  when  a  solution  in  that 
base  is  heated  until  the  solvent  boils ;  roughly  speaking,  the  relation 
between  the  constituents  of  this  mixture  is  a:  j8  =  2:  1. 

The  second  process  for  obtaining  the  phenylcarbamylhydrazones 
was  practised  by  mixing  solutions  containing  5  grams  of 
camphorquinone  and  45  grams  of  phenylcarbamylhydrazide, 
CgHs-NH-OO-NH-NHg,  each  in  15  c.c.  of  hot  methyl  alcohol,  and 
heating  the  liquid  on  the  water-bath  during  a  few  minutes; 
28  grams  of  the  o-phenylcarbamylhydrazone  separated  on  cooling, 
whilst  the  mother  liquor  deposited  a  mixture  of  this  with  the 
characteristic,  silky  needles  of  the  /8-modification, 
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The  third  method  is  the  most  convenient  when  the  hydrazoues 
are  available,  because  it  leads  to  the  individuals,  and  thus  obviat<^s 
the  necessity  of  a  tedious  separation.  The  finely  powdered 
o-hydrazone  (1"8  gram),  suspended  in  250  c.c.  of  boiling  benzene, 
in  which  it  was  not  completely  soluble,  was  heated  with  3  grams 
of  phenylcarbimide  on  the  water-bath  during  two  hours,  when  the 
liquid  did  not  deposit  crystals  on  cooling.  After  distilling  off  the 
solvent  until  only  30  c.c.  remained,  twice  this  volume  of  petroleum 
was  added,  precipitating  2'7  grams  of  a  crystalline  powder,  readily 
identified  with  the  o-phenylcarbamylhydrazone  on  recrystallisation. 
In  preparing  the  )3-modification  by  this  process,  0"9  gram  of  the 
)8-hydrazone,  dissolved  in  10  c.c.  of  benzene,  was  treated  with  O'T 
gram  of  phenylcarbimide,  the  mixture  being  left  at  the  laboratory 
temperature,  and  after  the  lapse  of  twelve  hours  diluted  with 
petroleum  until  pale  yellow  needles  appeared ;  after  recrystallisation 
it  melted  at  161°,  and  did  not  depress  the  melting  point  of  the 
j8-phenylcarbamylhydrazone  prepared  by  the  other  methods. 

Gam'pJiane-oxytriazine, 
r.TT    ^C^    ^NH  „^^       V,-^     \N 


Whilst  the  a-semicarbazone  is  dissolved  immediately  by  aqueous 
alkali  hydroxide,  forming  a  permanent  yellow  solution,  the 
)8-modification  is  transformed  into  the  anhydride  represented  above, 
the  conversion  taking  place  at  rates  depending  on  the  temperature. 

Camphorquinone-)8-semicarbazone  was  covered  with  10  parts  of 
10  per  cent,  aqueous  sodium  hydroxide,  and  shaken  at  intervals 
during  five  hours,  when  the  solid  substance,  at  first  coloured  yellow 
by  the  agent,  had  passed  into  a  colourless  solution.  After  extraction 
with  ether,  dilute  sulphuric  acid  was  added  until  the  initial  pre- 
cipitate was  redissolved,  when  the  liquid  was  shaken  eight  times 
with  ether;  the  solvent  deposited  85  per  cent,  of  viscous  residue, 
which  quickly  solidified.  Recrystallisation  from  warm  benzene,  to 
which  petroleum  was  added,  gave  colourless,  transparent  pyramids, 
melting  at  166—167°: 

0-2183  gave  0-5137  CX)^  and  01406  H2O.     0  =  6418;  H  =  7-21. 
0-1950     „  35-6  c.c.  Ng  at  21°  and  759  mm.     N  =  20-75. 
C11H15ON3  requires  0  =  6439;  H  =  7-31;  N  =  20-49  per  cent. 

The  substance  is  somewhat  readily  soluble  in  warm  water,  and 
does  not  crystallise  completely  on  cooling ;  alcohol,  ether,  chloroform 
and  benzene  dissolve  it  readily,  but  it  is  insoluble  in  petroleum.     It 
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does  not  reduce  Fehling's  solution,  and  when  heated  with 
ammoniacal  silver  oxide  yields  a  voluminous,  white  precipitate, 
freely  soluble  in  ammonia.  A  solution  in  sodium  carbonate  is 
strongly  alkaline,  and  gives  a  transient  violet  precipitate  with 
ferrous  sulphate,  becoming  bright  green  when  excess  is  added; 
copper  salts  produce  an  apple-green  precipitate,  also  formed  by 
nickel  sulphate,  excess  of  which  yields  a  clear  solution.  The  optical 
activity  of  the  oxytriazine  and  its  derivatives  is  very  much  lower 
than  that  of  the  foregoing  compounds  of  camphorquinone ;  a  solution 
containing  02855  gram,  made  up  to  25  c.c.  with  chloroform,  gave 
Op  0°31'  in  a  2-dcm.  tube,  whence  [ojj,  226°. 

The  acetyl  derivative  was  readily  formed  on  heating  the  oxy- 
triazine with  acetic  anhydride;  after  recrystallisation  from  a 
mixture  of  benzene  and  petroleum,  it  melted  at  168 — 169°: 

01765  gave  04096  COo  and  01127  H2O.     C  =  63-30;  H  =  714. 
C13H17O2N3  requires  C  =  63'16;  H  =  6'88  per  cent. 

The  substance  dissolves  freely  in  cold  benzene,  chloroform, 
acetone,  or  methyl  alcohol,  but  is  less  readily  soluble  in  ethyl 
alcohol  or  ethyl  acetate,  from  which  it  crystallises  in  lustrous, 
colourless  needles,  A  solution  containing  0*2444  gram,  made  up  to 
20  c.c.  with  chloroform,  gave  a^  1°2'  in  a  2-dcm.  tube,  whence 
Wd  42-2°. 

The  benzoyl  derivative,  prepared  by  the  action  of  benzoyl  chloride 
in  pyridine  solution  and  purified  by  precipitation  from  acetic  acid, 
followed  by  recrystallisation  from  a  mixture  of  benzene  and 
petroleum,  melted  at  193 — 194°: 

0-2021  gave  05150  COo  and  01108  HgO.     0  =  6951;  H  =  613. 
C1SH19O2N3  requires  0  =  6990;  H  =  615  per  cent. 

The  compound  is  freely  soluble  in  cold  acetone  or  chloroform, 
but  ethyl  acetate,  methyl  alcohol,  benzene,  or  ethyl  alcohol  dissolve 
it  less  readily,  and  it  is  very  sparingly  soluble  in  boiling  petroleum. 
A  solution  containing  02808  gram,  made  up  to  20  c.c.  with  chloro- 
form, gave  only  a^  0°13'  in  a  2-dcm.  tube,  whence  [o]i,  7-7°. 

BOYAL  Ck)LLEQE   OF   SCIENCE,    LONDON. 
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CCXXVI. — The  Effect  of  Temperature  on  the 
Equilibrium  2C0  ::=:  CO2  +  C. 

By  Thomas  Fred  Eric  Rhead  and  Richard  Vernon  Wheeler. 

The  fact  that  carbon  monoxide  dissociates  tinder  the  influence  of 
heat,  yielding  carbon  dioxide  and  carbon,  or,  in  other  words,  the 
fact   that   the   reaction : 

C02  +  C  =  2CO 

is  reversible,  was  discovered  by  H.  Sainte-Claire  Deville  in  1864 
(Oompt.  rend.,  1864,  59,  873;  1865,  60,  317)  by  means  of  his 
"  hot-cold  "  tube.  He  was  able  to  observe  only  a  small  degree  of 
dissociation  at  a  temperature  a  little  lower  than  the  melting  point 
of  silver,  whilst  at  temperatures  above  1000°  none  at  all  could 
be  detected. 

Since  it  was  assumed  that  the  degree  of  dissociation  of  carbon 
monoxide,  like  that  of  carbon  dioxide  and  steam,  should  increase 
with  increased  temperature,  doubt  was  cast  on  Deville's  first  experi- 
ments, and  it  was  suggested  that  the  formation  of  carbon  dioxide 
and  the  deposition  of  carbon  were  due  to  the  chemical  action  of 
the  glaze  of  the  porcelain  tubes  he  employed. 

In  1869  Sir  Lothian  Bell  (Journ.  Ghem.  Soc,  22,  203),  while 
studying  the  reactions  taking  place  in  the  blast-furnace,  found  that 
such  portions  of  the  iron  ore  as  had  been  subjected  to  the  action 
of  carlDon  monoxide  at  comparatively  low  temperatures  in  the  upper 
part  of  the  furnace  were  impregnated  with  carbon,  presumably 
arising  from  the  dissociation  of  the  gas.  He  thereupon  instituted 
laboratory  experiments  to  determine  the  action  of  carbon  monoxide 
on  different  oxides  at  different  temperatures. 

As  a  result  of  these  experiments,  Bell  was  able  to  state  that  the 
reduced  metal  was  as  effective  as  the  oxide  in  determining  the 
decomposition  of  carbon  monoxide,  and  he  gave  the  equation  of  the 
reaction  as  being : 

2CO  =  C02  +  C. 

He  also  showed  that  the  oxides  of  nickel  and  cobalt  and  the 
reduced  metals  acted  in  a  similar  manner  to  iron  oxide  and  reduced 
iron. 

The  influence  of  temperature  on  the  amount  of  decomposition  in 
a  given  time  was  also  studied  by  Bell,  comparative  figures  being 
obtained  from  the  quantities  of  carbon  deposited.  This  is  well 
shown    in    the   following  series   of  experiments,  in    which    carbon 
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monoxide  was  passed  slowly  over  reduced  iron  at  different  tem- 
peratures during  six  hours : 

Temperature  250°      400'      500°       600°      800° 

Carbon  deposited.     Grams  per  100  grams  of  iron     4  7        181         95  6  0  3 

It  is  thus  apparent  that  a  low  temperature  favours  the  decom- 
position, a  result  which  explains  the  failure  of  Deville  and  others 
to  obtain  evidence  of  dissociation  at  1000°,  and  is  in  accordance  with 
the  fact  that  the  reaction  2CO  =  C02-t-C  is  exothermic.  The  heat 
of  reaction  is  shown  by  the  following  equations : 

(1).     CO  -J-  O  =  CO2  +  68-0  Kg.C.  units. 
(2).     C     -f  O  =  CO    -h  29-0      „ 
whence  2CO  =  COo  -1-  C  -I-  390      „ 

Since  the  reaction  is  reversible,  an  equilibrium  must  be  established 
between  the  quantities  of  carbon  dioxide  and  monoxide  that  can 
exist  together  in  the  presence  of  carbon ;  and,  in  accordance  with 
van't  Hoff's  principle  of  mobile  equilibrium,  the  quantity  of  carbon 
monoxide  will  be  increased  by  lowering  the  temperature. 

The  equilibrium  at  different  temperatures  has  been  studied  by 
O.  Boudouard  (Ann.  Chim.  Phys.,  1901,  [vii],  24,  5),  who  has  given 
figures  for  650°,  800°,  and  925°. 

In  studying  the  reaction  2C0 — ^-COg+C,  Boudouard  made  use 
of  iron,  nickel,  and  cobalt  as  catalysts.  The  finely  divided  metals 
were  obtained  by  impregnating  broken  pumice  with  the  nitrates  and 
igniting,  the  oxides  thus  formed  being  afterwards  heated  in  a 
stream  of  carbon  monoxide  until  reduction  was  considered  to  be 
complete. 

For  the  experiments  at  temperatures  below  700°,  glass  tubes, 
6  to  7  cm.  long  and  1*5  cm.  in  diameter,  were  used,  the  total  volume 
of  gas  being  from  12  to  15  c.c.  Above  700°,  a  porcelain  tube, 
40  cm.  long  and  of  2'4  cm.  internal  diameter,  was  employed,  the 
pumice  containing  the  catalyst  occupying  the  middle  10  cm.  of  the 
tube,  and  the  remainder  being  packed  with  broken  porcelain. 

The  main  results  were  as  follow : 

TemiK-rature. 
445° 
445 
445 
660 
800 
800 

In  one  experiment  at  445°,  using  a  very  small  quantity  of  iron 
oxide  (reduced  by  carbon  monoxide)  as  catalyst,  Boudouard 
obtained  523  per  cent,  of  carbon  dioxide  and  477  per  ceot.  of 
carbon  monoxide  remaining  after  six  hours'  heating. 


Carbon  dioxid 

Catalyst. 

Duration  of  heating. 

per  cent. 

iron 

6  hours 

100 

nickel 

1  hour 

100 

cobalt 

*     J  > 

100 

cobalt 

'     ff  > 

61 

nickel 

6-7 

cobalt 

4     ,, 

6-5 
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The  reverse  reaction,  COg  +  C — >-2C0,  was  studied  in  a  similar 
manner,  but  without  the  use  of  catalysts,  purified  wood  charcoal 
being  employed.  The  carbon  was  heated  in  an  atmosphere  of 
carbon  dioxide  in  tubes  sealed  at  one  end,  with  the  other  end  open 
and  bent  so  as  to  dip  under  mercury,  the  object  being  to  avoid 
bursting  of  the  tubes  due  to  increased  pressure  as  the  reaction 
proceeded. 

The  results  were  as  follow : 


' 

Duration  of  heating, 

Carbon  dioxide, 

Temperature. 

hours. 

per  cent. 

6.^0' 

9 

62-4 

650 

12 

61-5 

800 

6 

67 

800 

6 

6-3 

In  addition  to  the  above,  two  experiments  were  made  at  925°,  in 
which  a  measured  volume  of  carbon  dioxide  was  passed  in  a  slow 
stream  through  the  heated  charcoal,  and  the  resulting  gases  bubbled 
through  baryta  water,  the  barium  carbonate  that  was  precipitated 
being  afterwards  weighed.  Assuming  that  a  single  passage  of  the 
carbon  dioxide  over  the  heated  charcoal  was  sufficient  to  establish 
equilibrium,  Boudouard  calculated  from  one  experiment  3"3  per 
cent.,  and  from  the  other  4'5  per  cent.,  of  carbon  dioxide  remaining 
in  equilibrium  with  carbon  monoxide  over  carbon  at  925°. 

Boudouard 's  experiments  prove  that  the  equilibrium  ratio 
CO/CO2  in  contact  with  carbon  is  a  function  of  temperature,  and 
the  results  are  in  general  agreement  with  the  laws  respecting 
equilibria  in  gaseous  systems. 

R.  Schenck  and  F.  Zimmermann  {Ber.,  1903,  36, 1),  while  studying 
more  particularly  the  order  of  the  reactions  taking  place,  have  been 
able  to  prove  that  the  oxides  of  iron,  nickel,  and  cobalt  are  quite 
ineffective  in  determining  the  dissociation  of  carbon  monoxide,  and 
that  it  is  only  the  reduced  metals  that  act  catalytically.     This  is  in 
direct  opposition  to  the  views  advanced  by  Boudouard.     At  the 
same  time  Schenck  and  Zimmermann  give  results  for  the  equilibrium 
at  low  temperatures  (445°  and  508°)  that  are  entirely  at  variance 
with  those  of   Boudouard.     At  445°  Boudouard   regards  the  dis- 
sociation   of    carbon    monoxide  as  complete;    while    Schenck   and 
Zimmermann,   using  reduced  iron  as   catalyst,  obtained   52"8   per 
•  cent,  of  carbon  monoxide  as  the  quantity  remaining  in  equilibrium 
at    that   temperature.     It  is   interesting   to  note  that  this  figure 
agrees  fairly  well  with  that  obtained  by  Boudouard  when  using 
only  a  small  quantity  of  iron  as  catalyst  (a  result  which  he  discards), 
and     it   seems    probable     that    in    those     experiments,    otherwise 
inexplicable,  in  which  he  obtained  complete  decomposition  of  carbon 
monoxide,  the  oxides  of  the  metals  used  as  catalysts  were  incom- 
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pletely  reduced  before  the  tubes  were  sealed,  and  that  oxidation  of 
the  carbon  monoxide  took  place. 

We  considered  it  desirable  to  determine  the  equilibrium  ratio 
more  accurately  and  for  a  greater  number  of  temperatures,  avoiding 
the  use  of  catalysts,  for  Boudouard's  method  of  experiment  did  not 
appear  to  us  to  be  calculated  to  give  very  accurate  results,  and 
his  figures  were  not  in  agreement  v>'ith  those  obtained  by  us  during 
the  course  of  an  investigation  on  the  mode  of  burning  of  carbon 
on  which  we  are  still  engaged. 

The  method  we  have  adopted  has  been  to  circulate  carbon 
dioxide  continuously  over  purified  wood  charcoal  packed  in  a 
porcelain  tube,  and  heated  in  an  electric  resistance  furnace. 

We  have  obtained  in  this  manner  the  following  figures  for  the 
percentages  of  carbon  dioxide  and  monoxide  that  are  in  equilibrium 
in  the  presence  of  excess  of  carbon  at  different  temperatures : 

Temperature. 

850° 

900 

950 
1000 
1050 
1100 
1200 

The  percentages  are  calculated  as  those  of  the  nitrogen-free  gases. 
The  gases  usually  contained  from  1  to  2  per  cent,  of  nitrogen. 

In  Le  Chatelier's  general  formula  for  equilibrium  in  gaseous 
systems : 

500  fL'^-§+  (N'-JTi  log,  P  +  loge^i^;^-  =  k 

L  —  the  total  heat  of  the  reaction  at  absolute  temperature  T. 

P  =  the  pressure  in  atmospheres. 

N  and  iT  =  the  number  of  molecules  on  the  left-  and  on  the  right- 
hand  side  of  the  equation. 

n^,  rt'j,...  and  n^,  n'^,...  =the  number  of  molecules  of  the  different 
substances  taking  part  in  the  reaction,  index  1  meaning  the  initial  and 
index  2  the  final  system. 

Cj,  c\,...  and  Cj,  c\,...  =  the  concentrations  of  the  different  sub- 
stances, indices  as  above. 

In  the  system : 

SCO  ^  COj  +  0 
n,  -=  2  ;  Tij  =  1  ;  «',  =  0  ;  c'j  =  0. 

If  the  system  is  in  equilibrium  at  atmospheric  pressure,  P=l, 
and  the  expression 

(iV-iy^^ioger-o. 


Carbon  dioxide. 

Carbon  monoxide 

] 

'er  cent. 

Jhy 

vol 

ame. 

6-23 

93  77 

2-22 

97-78 

1-32 

98-68 

0-59 

99-41 

0-37 

99-63 

0-15 

99-85 

0  06 

9994 
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Assuming  with  Le  Chatelier  that  the  heat  of  reaction  is  constant, 
and  introducing  its  value  (39'0  Kg.C.  units), ,  the  equation  then 
becomes : 


19.500 
T 

+ 

loge 

=  Ic. 

e  values  for  k  calculated  from 

3ur 

results  are  as  follow: 

T. 

Cj. 

Cj. 

Tc. 

1123° 

0-9377 

0-0623 

20-01 

1173 

0-9778 

0-0222 

20-39 

1223 

0-9868 

o-oia? 

20-24 

1273 

0-9941 

0  0059 

20-44 

1323 

0-9963 

0-0037 

20-32 

1373 

0-9985 

0-0015 

20-70 

1473 

0-9994 

0-0006 

20-65 

EXPEEIMENTAL. 

The  Equilihrium  Furnace. — In  designing  the  equilibrium  furnace, 
the  two  chief  considerations  were  {a)  the  obtaining  of  a  uniform 
temperature,  and  (Z/)  the  attainment  of  rapid  cooling  of  the  gases 
after  they  had  left  the  zone  of  reaction,  in  order  to  "  fix  "  the 
equilibrium.  We  had,  moreover,  to  recognise  the  fact  that  at 
temperatures  above  1000^  both  porcelain  and  fused  silica  or  quartz 
tubes,  such  as  we  intended  to  employ  for  the  reaction  vessel,  become 
slightly  porous  to  gases. 

The  construction  of  the  furnace,  which  was  made  for  us  by 
Messrs.  C.  W.  Cook  and  Co.,  at  the  University  Engineering  Works, 
Manchester,  is  shown  in  Fig.  1.  It  consists  essentially  of  a  glazed 
Berlin  porcelain  tube,  51  cm.  long  and  of  28  mm.  external  and 
20  mm.  internal  diameter,  wound  with  platinum  wire,  through  which 
an  electric  current  can  be  passed.  The  winding  is  arranged  so  as 
to  give  a  uniform  temperature  throughout  the  central  portion  of 
12  cm.,  and  is  carried  on  either  side  close  up  to  the  gunmetal  water- 
jackets,  J ,  being  insulated  from  them  by  thin  disks  of  porcelain. 
By  winding  the  coils  closer  near  each  end  than  along  the  rest  of 
the  tube,  we  are  able,  when  a  fairly  rapid  stream  of  water  is  passing 
through  the  jackets,  to  obtain  a  sudden  reduction  in  the  temperature 
of  the  tube  from  1000°  in  the  central  uniform  portion  to  400°  or 
less  within  a  distance  of  r5  cm.,  while  the  temperature  falls  to  below 
150°  within  a  distance  of  5  cm. 

This  result  is  not  attained  solely  as  the  effect  of  water-cooling 
and  increasing  the  length  of  resistance  wire  at  the  ends,  but  is  in 
part  due  to  the  double-jacketing  arrangement.  A,  which  is  intended 
primarily  to  avoid  any  error  due  to  porosity  of  the  porcelain  tube 
at  high  temperatures.  A  nickel  tube,  22  cm.  long  and  of  7*1  cm. 
external  and  5*7  cm.  internal  diameter,  is  fixed  coaxially  with  the 
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porcelain  tube,  and  through  the  annular  space  a  slow  stream  of 
dry  nitrogen  is  passed.  The  nitrogen,  prepared  by  Harcourt's 
method,  enters  under  a  slight  pressure  through  the  central  tube  By 
and  issues  at  G,  G  through  wash-bottles  containing  concentrated 
sulphuric  acid.  The  passing  of  this  stream  of  dry  nitrogen,  in 
addition  to  ensuring  that  no  oxygen  or  water  vapour  enters  the 
porcelain  tube  if  it  becomes  porous  at  high  temperatures,  causes  a 
more  uniform  distribution  of  heat  throughout  the  length  of  the 
furnace,  an  effect  which  is  enhanced  by  the  position  of  entrance  of 
the  gas. 

The  furnace  tubes  are  surrounded  by  a  thick  layer  of  kieselguhr 
to  prevent  loss  of  heat  by  radiation,  and  the  whole  is  encased  in 
a  jacket  of  sheet  iron. 

The  carbon  used  throughout  this  research  has  been  wood  charcoal 
purified  by  first  digesting  with  concentrated  hydrochloric  acid  (in 
a  bolt-head  flask  fitted  with  a  reflex  condenser)  to  remove  the  ash ; 
washing  with  distilled  water;  and  subsequently  heating  at  1000° 
in  a  stream  of  dry  chlorine,  washing,  heating  in  a  stream  of 
hydrogen,  and  finally  in  a  vacuum  at  1000°  for  forty-eight  hours. 
It  is  crushed  and  sieved  so  as  to  pass  through  a  10-mesh  sieve  and 
remain  on  a  ?0-mesh,  and  about  6  grams  are  then  loosely  packed 
into  a  thin  tu'»je  of  quartz,  12  cm.  long  and  open  at  both  ends,  which 
slides  easily  into  the  porcelain  tube. 

Aft-er  the  insertion  of  the  quartz  sheath  containing  the  carbon, 
a  plug  of  silica,  16'5  cm.  long  and  1'9  cm.  in  diameter  with  a  hole 
3  mm.  in  diameter  drilled  through  the  centre,  is  introduced  at  each 
end.  These  plugs  serve  to  keep  the  carbon  surface  in  position  in 
the  zone  of  constant  temperature,  but  they  are  intended  more 
especially  to  cause  the  stream  of  gases,  after  passing  over  the  heated 
carbon,  to  pass  rapidly  out  of  the  tube,  and  thus  ensure  that  the 
equilibrium  determined  shall  be  that  of  the  experimental  tem- 
perature recorded. 

The  Measurement  of  Temperature. — The  temperatures  are 
measured  by  means  of  a  platinum  and  platinum-rhodium  thermo- 
couple, and  recorded  by  one  of  the  Cambridge  Scientific  Instrument 
Company's  "  Thread-Recorders."  The  couple  is  embedded  in  the 
middle  of  the  carbon,  the  leads  being  insulated  by  thin  quill  tubing 
of  quartz,  and  the  whole  enclosed  in  a  sheath  of  thin  quartz,  which 
passes  easily  through  the  bore  of  the  plug  P. 

Some  little  difficulty  was  at  first  experienced  in  maintaining  a 
constant  temperature,  owing  to  fluctuations  in  the  voltage  of  the 
electric  current  supplied  to  the  furnace.  Since  the  experiments 
extended  continuously  over  several  days,  or,  in  some  cases,  several 
weeks,  personal  attention  was  found  to  bo  impossible,  and  a  means 
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had  to  be  devised  of  automatically  regulating  the  voltage.  The 
method  finally  employed,  for  the  suggestion  of  which  we  are  indebted 
to  Mr.  E.  Muller,  of  the  Cambridge  Scientific  Instrument  Company, 
is  as  follows. 

The  voltage  of  the  main  current  is  first  cut  down  by  the  large 
resistance,  R  (Fig.  2),  to  within  a  small  margin  of  that  required  to 
obtain  the  experimental  temperature  in  the  furnace.  It  then  passes 
through  the  Nemst  lamp  steadying  resista-nces,  X,  of  which  a 
sufficient  number  are  arranged  in  parallel  to  allow  the  requisite 
quantity  of  current  to  pass  round  the  circuit.  These  steadying 
resistances  take  as  their  normal  current  1  ampere  at  15  volts,  whilst 
the  furnace,  when  hot,  takes  about  3  amperes.  The  exact  number 
that  are  required  to  ensure  perfect  regulation  and  automatic  adjust- 
ment of  the  volfage  across  the  furnace  terminals  depends  on  the 
experimental    temperature   employed;   there  must   be    a  suflacient 

Fig.  2. 


number  to  ensure  that  the  spirals  of  fine  iron  wire  within  the 
exhausted  globes  of  each  shall  glow  a  dull  red  without  becoming 
overheated;  for  they  depend  for  their  action  on  the  change  in 
electrical  resistance  that  occurs  in  iron  wire  at  a  temperature  of 
about  775° 

After  passing  through  the  Nemst  lamp  resistances,  the  current 
is  divided,  part  going  through  the  furnace,  and  part  through  the 
shunt,  «S^,  containing  a  rheostat.  About  equal  quantities  of  current 
pass  through  the  furnace  and  the  shunt.  The  final  adjustment  of 
the  voltage  across  the  furnace  to  that  required  to  obtain  a  given 
temperature  is  made  by  means  of  the  rheostat  in  the  shunt,  the 
alteration  of  which  does  not  interfere  with  the  main  current,  since 
the  whole  of  it  passes  through  the  Nernst  lamp  resistances. 

This  method  has  proved  eminently  satisfactory,  the  experimental 
temperature  being  maintained  without  any  serious  fluctuations 
continuously  during  several  weeks. 

VOL,  xcvn.  7  D 
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General  Arrangement  of  Apparatus. — The  reacting  gases  are 
circulated  without  interruption  over  the  heated  carbon  until 
equilibrium  is  attained.  The  general  form  of  the  circulation 
apparatus  is  that  designed  by  one  of  us  in  conjunction  with 
W.  A.  Bone  for  the  investigation  of  the  slow  combustion  of  hydro- 
carbons (Trans.,  1903,  83,  1074). 

The  porcelain  tube  containing  the  carbon  carries  a  ground  glass 
joint  at  each  end  held  firmly  in  position  by  strong  springs.  These 
joints  make  connexion  on  either  side,  through  the  mercury-cup 
taps  T,  T'  (Fig.  1),  with  the  cylindrical  vessels  G,  G',  each  of 
200  c.c.  capacity.  These  vessels  mainly  determine  the  capacity  of 
the  apparatus,  and  are  cylindrical  in  form  in  order  to  allow  of 
being  heated  to  drive  oflf  any  traces  of  gas  that  may  have  a  tendency 
to  stick  to  tlie  glass. 

On  the  right-hand  side,  connexion  is  made,  through  the  calcium 
chloride  drying-tube  D,  to  the  head  of  the  Sprengel  pump  S.  On 
the  left  is  fused  a  long  tube  of  wide  bore,  which  passes  horizontally 
across  the  front  of  the  furnace  and  is  then  bent  downwards  at  right 
angles,  forming  a  manometric  tube,  which  stands  over  the  delivery- 
tube  of  the  Sprengel  pump  in  the  mercury  trough  M.  A  short 
T-piece  near  the  left-hand  cylinder,  closed  by  a  mercury-cup  tap, 
serves  for  the  introduction  of  the  gas. 

With  the  exception  of  the  ground  joint  connexions  to  the  porcelain 
tube,  the  apparatus  is  of  fused  glass  throughout. 

The  gases  are  drawn,  by  means  of  the  automatic  Sprengel  pump, 
through  the  furnace,  and  delivered  under  mercury  in  the  trough  M 
into  the  manometric  tube  B,  whence  they  return  along  the  horizontal 
tube  II  to  the  cylinder  G,  and  are  again  drawn  forward  through  the 
furnace.  The  automatic  Sprengel  pump,  the  general  construction 
of  which  is  described  in  the  paper  referred  to  above  (loc.  cit., 
p.  1079),  is  actuated  by  suction  produced  by  a  double-acting  Geryk 
pump  driven  by  an  electric  motor,  and  is  so  arranged  that  the  head 
of  mercury  in  the  reservoir  E  allows  of  the  gases  being  circulated  at 
atmospheric  pressure. 

The  total  volume  of  the  apparatus,  measured  at  0°,  is  570  c.c; 
that  of  the  packed  porcelain  tube  96  c.c. 

The  Gas  Analyses. — The  carbon  dioxide  was  prepared  by  dropping 
boiled  concentrated  sulphuric  acid  from  a  separating  funnel  into  a 
boiled  solution  of  sodium  carbonate  contained  in  an  Erlenmeyer 
flask.  The  gas  evolved  was  passed  through  two  sulphuric  acid 
worms,  and  collected  in  a  glass  gas-holder  containing  concentrated 
sulphuric  acid,  over  which  it  was  stored  for  two  weeks  before  being 
used  for  an  experiment. 

The  carbon  monoxide  was  prepared  from  sodium  formate,  made 
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into  a  stiff  paste  with  distilled  water,  by  the  action  of  concentrated 
sulphuric  acid.  It  was  washed  through  two  worms  containing 
potassium  hydroxide  solution,  and  stored  over  sulphuric  acid  in 
the  same  manner  as  the  carbon  dioxide. 

The  gases  remaining  after  an  experiment  were  analysed  volu- 
metrically  in  a  Bone  and  Wheeler  gas  analysis  apparatus  over 
mercury,  from  200  to  300  measures  of  gas  being  taken  for  an 
analysis.  Carbon  dioxide  was  estimated  by  absorption  with  as  small 
a  quantity  of  aqueous  potassium  hydroxide  as  possible,  or  when 
only  small  quantities  were  present,  by  absorption  with  a  concentrated 
solution  of  barium  hydroxide.  Carbon  monoxide  was  absorbed  by 
an  ammoniacal  solution  of  cuprous  chloride,  prepared  by  passing 
ammonia  gas  into  distilled  water  containing  the  freshly  precipitated 
cuprous  chloride  in  suspension  until  the  latter  was  dissolved.  A 
little  ammonium  chloride  was  added  to  the  solution  as  thus  prepared 
to  reduce  the  tension  of  ammonia  vapour.  The  gas  was  treated 
twice  with  small  quantities  of  this  solution,  and  afterwards  washed 
with  dilute  sulphuric  acid. 

Any  residue  (which  never  amounted  to  more  than  2  per  cent, 
of  the  total  gas)  was  afterwards  exploded  with  a  measured  volume 
of  air  and  oxygen,  to  which  a  few  c.c.  of  pure  electrolytic  gas  were 
added.  Any  contraction  in  volume  after  explosion,  or  after 
absorption  with  potassium  hydroxide,  was  then  determined.  A 
trjice  of  hydrogen  due  to  insufficient  drying  of  the  gases,  or  to 
moisture  in  the  circulation  apparatus,  was  detected  in  several 
experiments  the  results  of  which  were  discarded. 

Method  of  Conducting  an  Experiment. — The  apparatus  having 
been  thoroughly  exhausted,  the  glass  being  heated  in  a  large  blow- 
pipe flame  to  drive  off  the  last  traces  of  air,  the  carbon  dioxide 
(or  monoxide)  is  introduced  in  such  quantity  that  when  the  reaction 
is  complete  the  gases  shall  be  as  nearly  as  possible  at  atmospheric 
pressure.  As  a  preliminary  to  a  series  of  experiments,  a  certain 
quantity  of  carbon  dioxide  is  introduced  to  the  carbon  heated  to 
1000°  and  allowed  to  circulate  for  several  days.  The  resulting  gases 
are  then  pumped  out,  and  the  furnace  brought  to  the  experimental 
temperature.  This  preliminary  treatment  serves  to  remove  any 
traces  of  water-vapour  that  still  remain  in  the  apparatus;  it  was 
in  the  gases  resulting  from  such  experiments  that  we  were  able  to 
detect  traces  of  hydrogen. 

In  the  experiments  proper  the  gases  are  allowed  to  circulate  for 
twenty-four  hours  after  the  volume,  as  indicated  by  a  scale  fixed 
behind  the  manometric  tube,  has  ceased  to  change.  The  reaction 
tube  is  then  shut  off  from  the  rest  of  the  apparatus,  and  samples 
are  withdrawn  for  analysis. 

7   D  2 
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Results  of  Experiments. 

The  results  of  our  experiments  can  best  be  expressed  in  tabular 

form  as  follow: 

Composition  of  resulting 

gases    (calculated    as 

nitrogen-free  mixture). 


Experiment 

Duration  of  heating, 

A 

number. 

Temperature. 

hours. 

CO2. 

CO. 

E  14 

850° 

240 

6-23 

93-77 

E     9 

900 

180 

2-22 

97-78 

E  16 

950 

144 

1-32 

98-68 

E    4 

1000 

48 

0-59 

99-41 

E  18 

1050 

48 

0-37 

99-63 

E    5 

1100 

48 

0-15 

99-85 

E     6 

1200 

48 

0-06 

99  94 

In  addition,  we  have  made  two  attempts  to  attain  equilibrium  at 
a  temperature  of  800°  with  the  circulation  apparatus,  but  have 
abandoned  the  experiments  after  they  had  continued  for  six  weeks 
without  showing  signs  of  coming  to  a  conclusion,  20  per  cent,  of 
carbon  dioxide  still  remaining  after  that  time. 

Boudouard,  in  the  reduction  of  carbon  dioxide  by  wood  charcoal 
without  the  presence  of  a  catalyst,  states  that  equilibrium  was 
attained  in  his  experiments  after  six  hours'  heating  at  800°  and 
after  twelve  hours'  heating  at  650°,  the  percentages  of  carbon 
dioxide  remaining  in  equilibrium  being  6'3  and  6r5  per  cent, 
respectively  at  the  two  temperatures.  The  volume  of  his  apparatus 
was  only  from  12  to  15  c.c.  as  against  our  570  c.c,  but  we  do  not 
think  that  this  fact  is  sufficient  to  explain  the  marked  discrepancy 
between  our  results,  since  we  used  a  correspondingly  larger  quantity 
of  carbon  surface.  In  another  series  of  experiments  that  we  aro 
making  on  the  rate  of  reduction  of  carbon  dioxide  by  wood  charcoal 
at  different  temperatures,  we  have  been  unable  to  obtain  a  dis- 
appearance of  carbon  dioxide  of  more  than  0'7  per  cent,  after 
122  hours'  heating  at  700°. 

All  our  experiments  recorded  above  have  been  made  starting 
with  an  initial  concentration  of  100  per  cent,  carbon  dioxide;  for 
the  rate  at  which  the  reverse  reaction  proceeds  was  too  slow  to 
enable  us  to  attain  equilibrium  in  a  reasonable  time  without  tho 
presence  of  a  catalyst,  the  use  of  which  we  wished  to  avoid. 

The  relative  rates  of  the  two  reactions  during  the  initial  stage^J 
are  well  shown  in  the  experiments  recorded  below.  A  temperature 
of  850°  was  chosen  as  being  that  at  which  the  reduction  of  carbon 
dioxide  by  carbon  v/as  fairly  rapid,  and  the  dissociation  of  carbon 
monoxide  readily  appreciable. 

The  rates  of  the  reactions  are  calculated,  by  means  of  the  relation 
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from  the  partial  pressures  (concentrations)  of  the  carbon  dioxide  at 
different  time  intervals  in  experiment  R  13,  and  from  the  partial 
pressures  of  the  carbon  monoxide  in  experiment  R  15  : 

Experiment  R  13. 


00^  +  0  =  2C0. 

Temperature  850°. 

Time. 

(triiit  =  l  hour). 

P.  at  0°. 

-Pcoa- 

^CO/j. 

0 

258-6 

257-6 

— 

1 

292-3 

224-9 

0-0590 

2 

317-8 

199-4 

0-0555 

4 

356-3 

160-9 

00511 

6 

389-0 

128-2 

0-0505 

8 

415-8 

101-4 

0-0506 

12 

439-5 

77-7 

0-0434 

Experiment  R  15. 

2C0 

=  C02  +  C. 

Temperature  850°. 

Time. 

(Umt  =  l  hour). 

P.  at  0°. 

Pco. 

kco. 

0 

463  0 

453-7 

— 

24 

459  2 

4461 

0-00030 

48 

453-9 

435-5 

0  00037 

72 

452-1 

431-9 

0-00030 

96 

448  0 

423-7 

0-00031 

120 

447-2 

422  1 

0-00026 

It  will  thus  be  seen  that  the  reduction  ot  carbon  dioxide  by 
carbon  takes  place  at  850°  at  a  speed  166  times  as  great  as  the 
dissociation  of  carbon  monoxide  at  the  same  temperature. 

We  may  incidentally  draw  attention  to  the  fact  that  the  good 

1      G 

agreement  of  the  constant  k,  calculated  from  the  expression  -log— 2 

t      6( 

for    a   unimolecular    reaction,     points    to    both    reactions     being 

essentially   surface  phenomena;    the   rate   of    reduction   of  carbon 

dioxide  and  the  rate  of  dissociation  of  carbon  monoxide  both  varying 

directly  with  the  partial  pressure  of  the  gas.     It  is  our  intention 

to   discuss   this  question  more  fully    when   we   have  concluded    a 

research,  on  which  we  are  at  present  engaged,  on  the  relative  rates 

of  reaction  between  carbon  dioxide,  carbon  monoxide,  oxygen,  and 

carbon  at  different  temperatures. 

This  work  has  been  undertaken  in  connexion  with  the  experiments 
now  being  carried  out  by  the  Mining  Association  of  Great  Britain 
on  coal-dust  explosions.  We  are  extending  it  to  the  investigation 
of  the  influence  of  pressure  on  the  equilibrium  ratio. 

Altofts. 
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CCXXVII. — The  Mor27hotropic  Relationships  between 
Silicon  and  Carbon  Compounds  of  Corresponding 
Compositions. 

By  George  Jerusalem. 

Carbon  occupies  an  altogether  unique  position  amongst  the  elements 
in  crystallographic  as  well  as  in  chemical  respects;  although  large 
numbers  of  compounds  of  the  elements  of  group  IV  of  the  periodic 
classification  have  been  crystallographically  examined,  no  case  has 
been  yet  observed  in  which  a  carbon  atom  is  isomorphously  replaced 
by  one  atom  of  any  other  element.  It  is  true  that  both  carbon 
tetraiodide  and  silicon  tetraiodide  crystallise  in  the  cubic  system, 
but,  since  the  crystal  class  is  known  in  neither  case,  the  information 
requisite  for  deciding  as  to  whether  these  two  compounds  are  iso- 
morphous  is  lacking.  Isomorphism  might  be  expected  as  between 
the  metallic  carbonates  and  metasilicates,  but  although  comparison 
is  possible  in  a  number  of  cases,  no  instance  is  on  record  in  which 
silicon  replaces  carbon  without  profound  modification  of  the 
crystalline  form ;  thus  lithium  carbonate,  LigCOs,  is  monosymmetric 
with  a:  &:  c  =  l-672:  1:  1-244,  y3  =  114°25'  (Mallard,  Zeitsch. 
Eryst.  Min.,  1894,  23,  483),  whilst  lithium  metasilicate,  Li2Si03, 
is  rhombohedral  with  a:  c  =  \:  0'6681  (Friedel,  Zeitsch.  Kryst. 
Min.,  1903,  37,  204).  Comparison  of  the  crystalline  forms  exhibited 
by  the  carbonates  of  the  bivalent  metals  with  those  of  the 
compounds  CaSiOg,  MgCa(Si03)2,  MgSiOs,  MnSiOg,  MgTiOg, 
MnTiOg,  and  FeTiOg,  fails  to  reveal  any  isomorphous  relationship 
between  the  carbonates  and  the  latter  compounds.  Further,  the 
observation  that  carborundum,  CSi,  is  a  stable  substance  dissimilar 
in  crystalline  form  from  either  component  element  does  not  favour 
the  view  that  the  two  elements  are  isomorphous. 

Whilst  a  considerable  amount  of  evidence,  such  as  the  above, 
indicates  that  carbon  is  crystallographically  quite  unique,  it  is 
noteworthy  that  ample  evidence  is  available  to  show  that  silicon  is 
displaceable  by  many  bivalent  elements  without  considerable  change 
in  crystalline  form. 

From  a  discussion  of  the  crystal  data  available  for  carbon  and 
silicon  compounds.  Barlow  and  Pope  have  been  led  to  attribute 
the  crystallographic — and  also  chemical — dissimilarity  to  a  difference 
in  the  fundamental  valencies  of  these  two  elements  (Trans.,  1908, 
93,  1554) ;  carbon  thus  stands  alone  as  the  only  element  exhibiting 
the  fundamental  valency  of  four,  whilst  silicon  and  many  other 
elements  are  fundamentally  bivalent.     Owing   to  the  comparative 
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ease  with  which,  during  the  last  few  years,  it  has  become  possible 
to  exhibit  the  relation  between  chemical  constitution  and  crystalline 
form,  the  question  of  the  relative  fundamental  valencies  of  silicon 
and  carbon  has  become  one  of  great  importance ;  the  work  described 
in  the  present  paper  was  undertaken  as  a  step  towards  the  solution 
of  the  problem  involved. 

A  study  of  the  crystal  data  already  available  for  corresponding 
silicon  and  carbon  compounds  indicates  clearly  that  the  two  elements 
exercise  such  different  morphotropic  effects  that  few  positive  results 
could  be  hopefully  anticipated  unless  some  condition,  hitherto 
unconsidered,  were  introduced  for  the  purpose  of  accentuating  such 
crystallographic  similarity  of  function  as  may  exist  between  silicon 
and  carbon.  The  directing  condition,  thus  indicated  as  desirable, 
is  found  in  the  rule  discovered  empirically  by  Tschermak  (Tsch. 
Min.  Mitt.,  1903,  22,  393;  Ann.  Eeports,  1908,  5,  263)  that,  in 
the  crystalline  form  of  a  compound  substance,  the  principal  axes  of 
symmetry  tend  to  express  numerically  the  atomic  composition  of 
the  molecule;  thus,  if  three  similar  atoms  are  present  with  others 
in  the  molecule  of  a  particular  substance,  the  crystalline  form  of 
the  compound  will,  in  the  majority  of  cases,  include  a  three-fold 
axis  of  symmetry.  Since  crystal  structures  are  now  regarded  as 
close-packed  assemblages  of  atomic  domains,  a  compound  containing 
n  identically  located  atoms,  or  groups  of  atoms,  in  the  molecule 
would  tend  to  exhibit  a  particular  element  of  symmetry  displaying 
an  n-fold  repetition;  Tschermak's  empirical  rule  has  thus  now 
acquired  theoretical  significance  and,  simultaneously,  a  concrete 
meaning.  The  rule  may  be  conveniently  applied  to  the  purpose  of 
accentuating  any  possible  morphotropic  relationship  between  two 
elements  a  and  h,  by  preparing  two  substances  containing  in  the 
molecule  three  large  atomic  groups  or  radicles  associated  with  an 
a  and  h  atom,  respectively,  of  a  unique  kind;  any  morphotropy 
exhibited  as  between  a  and  h  should  then  be  easily  traced  by 
goniometric  examination. 

This  particular  development  of  the  new  mode  of  regarding  crystal 
structure  is  applied  in  the  present  paper  to  the  examination  of 
tribenzyl  and  triplienyl  derivatives  of  silicol  and  carbinol;  the 
introduction  of  three  benzyl  or  phenyl  groups  into  the  molecule  is, 
of  course,  intended  to  secure  the  presence  of  a  trigonal  axis  of 
symmetry  and  to  ensure  that  the  silicon  and  carbon  analogues  shall 
to  a  very  great  extent  exhibit  identical  marshalling  of  their  com- 
ponent atoms. 

TrihcnzyhUicol,  (CcH5-CH2)3Si-OII. 

A  supply  of  this  substance  was  kindly  provided  by  Prof.  F.  S. 
Kipping,  and   melted   at  106°,  as  stated  by  Dilthey  (Ber.,   1905, 
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38,  4136).  On  slow  evaporation  of  its  solution  in  a  mixture  of 
chloroform  and  petroleum  boiling  at  70°,  it  was  obtained  in  small, 
lustrous  crystals  suitable  for  measurement;  the  form  {001}  is  the 
largest,  and  {100},  {101},  and  {HI},  although  smaller,  are  well 
developed.  The  pyramid,  {122},  is  always  very  small  but  quite 
brilliant;  no  distinct  cleavage  was  observed,  but,  as  the  faces  of 
{111}  are  always  much  larger  at  one  end  of  the  c-axis,  and  as  the 
faces  of  {122}  are  only  observed  at  the  same  end  of  this  axis,  the 
substance  is  probably  hemimorphous.  No  confirmation  of  the  hemi- 
morphism  was  obtained  by  the  study  of  the  etch-figures  produced 
by  the  action  of  alcohol  on  faces  of  the  form   {001}. 

Crystalline  form:    Orthorhombic. 

a:  b:  c-1-7214:  1:  2-1384. 

Forms  observed:   {100},  {001},  {101},  {111},  and  {122}. 

The  following  angular  measurements  were  obtained : 


Number 

of 

Angles. 

observatious. 

Limits. 

Mean. 

Calcnlated, 

Ill 

:  111 

16 

55°  2'— 55°49' 

55^30' 20" 

— 

111 

:  111 

14 

43  46  —44  15 

44  1  50 

— 

111 

:  100 

33 

61  31  —62  54 

62  13  0 

62''14  50" 

101 

:  001 

13 

50  59  —51  35 

51  13  30 

51  10  0 

001 

:  122 

4 

65  31  —66    6 

65  53  0 

65  48  50 

101 

:  100 

9 

38  26  —39  6 

38  47  0 

38  50  0 

122  i 

:  122 

1 

48  23 

48  23  0 

48  22  20 

111 

:  001 

9 

67  43  —68  17 

68  1  50 

67  59  0 

101 

:111 

4 

53  16  —53  27 

53  19  10 

53  17  10 

100 

:122 

10 

74  51  —75  20 

75  7  50 

75  15  30 

It  is  very  interesting  to  note  that,  although  the  substance  does 
not  exhibit  a  trigonal  axis  of  symmetry  as  would  be  anticipated 
from  Tschermak's  empirical  rule,  it  possesses  a  pseudo-trigonal  axis, 
as  would  be  expected  from  the  interpretation  of  the  rule  and  the 
molecular  composition  in  accordance  with  Barlow  and  Pope's 
method.  Thus,  a  crystal  presenting  trigonal  symmetry,  referred  to 
rectangular  axes,  would  exhibit  as  one  axial  ratio  the  value 
1 :  \/3  =  1 :  1'7321,  whilst  an  almost  identical  ratio,  b  :  a  =  l :  1*7214, 
is  actually  observed  on  the  crystals  of  tribenzylsilicol ;  the  pseudo- 
trigonal  nature  of  the  crystal  structure  is  thus  apparent.  It  will 
be  seen  later  that  all  the  substances  described  below,  in  which 
three  large  groups  are  present  in  the  molecular  complex,  conform 
to  the  same  rule,  and  betray  the  presence  of  a  trigonal  or  a  pseudo- 
trigonal  axis,  with  the  possible  exception  of  triphenylsilicol,  of 
which  the  low  crystal  symmetry  would  naturally  obscure  the  pseudo- 
trigonal  character. 

Taking  the  valency  volume  of  silicon  as  two,  that  of  tribenzyl- 
silicol is  IF  =  110,  and  the  equivalence  parameters  are  obtained  as: 
x:  t/:  2  =  5-3418:  31032:  6-6358. 
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The  density  of  the  crystalline  substance  was  determined  by 
Retgers'  floating  method  in  barium  mercuri-iodide  solution  as 
d=\ni2,  whence  the  molecular  volume,  F  =  270*66 ;  the  quotient, 
^  =  F/TF  =  2'4605,  and  the  molecular  distance  ratios  are  calculated 
as: 

X  :  i/' :  w  =  7  2116  :  4-1894  : 8-9586. 

Trihenzylcarhinol,  (C6H5-CH2)3C-OH. 

This  substance  was  prepared  by  the  method  given  by  Klages  and 
Heilmann  {Ber.,  1904,  37,  1456),  and  was  obtained  in  crystals 
suitable  for  goniometric  measurement  by  spontaneous  evaporation 
of  its  solution  in  a  mixture  of  chloroform  and  petroleum.  The 
crystals  so  closely  resemble  those  of  the  preceding  compound  that 
no  separate  description  is  necessary. 

Crystalline  system :   Orthorhombic. 

a:h:  c  =  l-7166:  1:  2-1574. 

Forms  observed :    {100},  (001},  {101},  {111},  and  {122}. 

The  following  angular  measurements  were  obtained: 


X 

umber  of 

Angles. 

observations. 

Limits. 

Mean. 

Calculated 

100 

:  111 

26 

6r52'— 62°20' 

62°  8'50" 



001 

:  111 

22 

68    0  -68  17 

68    9  20 

— 

001 

:  101 

10 

51  18  —51  37 

51  26  50 

51°28'10'' 

100 

:  101 

13 

38  21  —38  44 

38  32  50 

38  31  50 

111 

:  111 

12 

55  32—55  51 

55  37  10 

55  42  20 

111 

:  111 

13 

43  31  —44    1 

43  40  20 

43  41  20 

111 

;  111 

16 

53    9  —53  36 

53  20  50 

53  19  30 

100  : 

:  122 

12 

74  51  —75  26 

75    9  40 

75  12    0 

001 

:  122 

6 

65  57—66    7 

66    2  10 

65  59  -20 

The  development  of  the  faces  indicates  heraimorphous  develop- 
ment as  in  the  case  of  the  corresponding  silicol;  the  etch-figures 
obtained  do  not  reveal  hemimorphism.  The  axial  ratios  calculated 
show  that  the  substance  is  very  closely  related  morphotropically 
to  the  corresponding  silicol,  and  the  present  observations  constitute 
the  first  published  evidence  of  morphotropy  as  between  these  two 
elements.  The  equivalent  parameters  are  calculated  as: 
X.  y:  z  =  5-3482:  3-1156:  67215,  with  TF  =  112. 

The  density  of  the  crystals  was  determined  as  </  =  1-1869,  whence 
the   molecular  volume,    7  =  25899,    and   the  quotient,   i2  =  r/IF  = 
23124.     The  molecular  distance  ratios  are  therefore: 
X  :  lA  :  o  =  70724  :  4-1200  :  8  8885. 

Trihenzylmethyl   Chloride,  (C6H5-CH2)3CC1. 

This  substance  was  prepared  by  the  method  given  by  Schmerda 
{Monat&h.,  1909,  30,  390),  and  exhibited  the  properties  described 
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by  him;  it  separates  from  its  acetone  solution  in  very  small  but 
quite  brilliant  rhombohedron-shaped  crystals. 

Crystalline  system :  Rhomb ohedral.  Trapezohedral-tetartohedral 
class. 

a:  c  =  l:  0-3700. 

Forms  observed :   {2llO}  and  {lOll}, 

The  following  angular  measurements  were  obtained: 


Number  of 

Angles.      Observations.        Limits. 

Mean. 

Calculated, 

2110  :  1011            41            70°  0'— 70°22' 

70°  6''30" 

— 

1011  :  0111             18            39  34  —40    0 

39  49  20  ' 

39°47'20" 

The  evidence  that  the  crystals  belong  to  the  trapezohedral- 
tetartohedral  class  represented  by  quartz  and  cinnabar  is,  first,  that 
the  alternate  faces  of  the  form  {2110}  are  very  different  in  size, 
and,  secondly,  that  the  etch-figures  produced  on  these  faces  by  the 
action  of  benzene  are  asymmetric  with  respect  to  the  hexagon 3-1 
planes  of  symmetry  normal  to  the  faces.  A  good  cleavage  is 
observed  parallel  to  the  form  {2110}. 

In  order  that  the  crystal  form  may  be  compared  with  those  of 
the  preceding  compounds,  it  must  first  be  stated  with  respect  to  the 
alternative  hexagonal  system  and  then  referred  to  rectangular  axes 
and  the  value,  cja,  multiplied  by  five;  the  axial  ratios  are  thus 
obtained  in  the  form : 

a:  h:  c  =  1*7321:  1:  2'1364,  and  the  equivalence  parameters  as: 

x:y:  z  =  5-3656:  3*0977:  6-6180,  with  IF  =  110. 

The  use  of  the  factor  five  in  the  multiplication  of  the  ratio  cja 
is  naturally  justified  by  the  very  close  similarity  which  the 
equivalence  parameters  of  the  three  above  substances  exhibit  after 
the  multiplication  has  been  performed  in  the  case  of  tribenzylmethyl 
chloride. 

TripJienylsilicol,   (CgH5)3Si*OH. 

Triphenylsilicol  was  prepared  by  Dilthey  and  Eduardoff's  method 
(Ber.,  1904,  37,  1140),  and  showed  the  properties  described  by 
these  authors;  the  best  crystals  were  obtained  from  solutions  in 
mixtures  of  chloroform  and  petroleum,  but  even  these  were  poor, 
and  scarcely  suitable  for  goniometric  examination.  The  forms 
{100},  {010},  and  {001}  show  the  largest  faces,  and  are  about 
equally  well  developed;  {111}  and  {111}  are  very  poorly  developed, 
and  unsatisfactory  in  character. 

Crystalline  system :  Anorthic. 

a.  b:  c  =  2-144:  1:  1331,  a  =  59°30',  j8  =  113°29/,  y  =  84°ll'. 

Forms  observed :   {100},  {010},  {001},  {HI},  and  {111}. 
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The  following  angular  measurements  were  obtained : 


Number  of 

Angles. 

observations. 

Limits. 

Mean. 

Calculated, 

100  :  001 

16 

58°  1'— 58'48' 

58=20' 50" 

— 

100  :  010 

8 

67  5—67  46 

67  25  0 

— 

001  :  010 

10 

52  50  —53  29 

53  6  10 

— 

iOO  :  111 

9 

64  10  —64  47 

64  29  30 

— 

111  :  001 

9 

90  38  —91  18 

90  57  40 

— 

111  :010 

7 

41  0  —41  58 

41  39  10 

42°10'20» 

111  :  001 

5 

61  56  —6-2  38 

62  19  0 

62  19  40 

111  :010' 

4 

68  22  —68  53 

68  36  30 

69  2  20 

111  :  100 

2 

58  57  —59  24 

59  10  30 

59  46  30 

The  density  of  the  crystals  was  observed  as  6?  =  1*1777,  so  that  the 
molecular  volume,  F  =  234-83;  the  quotient,  B  =  VJW  =  2-5525 
No  morpliotropic  relationship  is  immediately  obvious  between  this 
and  the  previously  described  substances,  and,  since  triphenylsilicol 
belongs  to  the  anorthic  system,  the  symmetry  affords  no  indication 
as  to  the  way  in  which  a  morphotropic  relationship  is  to  be  sought ; 
further,  the  ratio,  V/W,  is  considerably  larger  than  in  the  other 
cases  referred  to.  It  is  consequently  to  be  concluded  that  this 
silicol  does  not  fall  into  line  with  the  series  now  under  discussion. 

Trifhenylcarhinol,  (CeH5)jC*0H. 

This  substance  has  already  been  crystallographically  examined 
by  Groth  {Zeitsch.  Kryst.  Min.,  1881,  5,  479),  who  found  it  to  be 
rhombohedral  with  a:  c^\:  0"6984.  Measurable  crystals  were 
obtained  from  benzene  solution,  and  these  showed  only  the  forms 
{1011}  and  {1120}. 

Crystalline  system:    Rhombohedral.     a:  c  =  l:  06975. 

The  following  angular  measurements  were  obtained: 

Number  of 

Angles^     Observations.        Limits.  Mean.  Calculated. 

2110  :  1011  13  56^46'- 57'19'  57°  5'40"  — 

1011  :  0111  5  65  35  —66    5  65  47  'M  65°48'40" 

In  order  to  render  the  crystal  form  comparable  with  those  of  the 
tribenzyl  compounds  described  above,  the  ratio  cfa  must  be  multi- 
plied by  three  and  referred  to  a  rectangular  system  of  axes.  The 
following  ratios  are  thus  obtained : 

a:h:  c  =  1-7321:  1:  20925. 
x:  y:  z  =  51271:  2-9601:  61939;  TF  =  94. 
The  density  of  the  crystals  was  determined  as  «?=ri884,  so  that 
the  molecular  volume,   F  =  218-92,   and  the  quotient,   ^  =  F/1F  = 
2-3289,     The  molecular  distance  ratios  are : 

X  :  lA  :  a>  =  6-7960  : 3'9236  :  8-2100. 
The  value  for  R  is  slightly  greater  than  that  for  tribenzylcarbinol, 
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namely,  2'3124;  this  is  in  accordance  with  the  indications  obtained 
in  the  case  of  the  picrates  and  styphnates.  Aniline  picrate  gives 
an  R  value  of  2*464,  slightly  greater  than  2'433,  the  value  for 
benzylamine  picrate  (Jerusalem.  Trans.,  1909,  95,  1290). 

For  comparison  with  the  above  substances  the  following  crystalline 
forms  may  be  quoted.  Triphenylmethane  is  described  as  ortho- 
rhombic  by  Hintze  with  a  :  6  :  c  =  0-5716  :  1 :  0-5867  (Zeitsch. 
Kryst.  Min.,  1884,  9,  546);  on  interchanging  a  and  b,  and  multiply- 
ing the  resulting  value  of  cjb  by  two,  the  axial  ratios  become: 
a:  b:  c  =  1-7495:  1:  2-0528. 

w-Bromotriphenylmethane,  PhgCBr,  was  found  to  be  hexagonal 
by  Hintze  (loc.  cif.)  with  the  value  a:  c  =  l :  0-7843;  on  stating  this 
ratio  in  the  alternative  hexagonal  form  as  a:  c  =  l:  0-6792,  multiply- 
ing c/a  by  three,  and  referring  the  ratio  to  rectangular  axes,  the 
values  are  obtained  as : 

a:  b:  c  =  1-7321:  1:  2-0376. 

Triphenylacetic  acid  is  monosymmetric  (Groth,  Zeitsch.  Kryst. 
Min.,  1881,  5,  483),  and  the  axial  ratios  can  be  stated  in  the  form 
a:  6:  c  =  0-5646:  1:  0-6161,  i8  =  90°12'30'/  (Barlow  and  Pope, 
Trans.,  1906,  89,  1719).  On  treating  these  axial  ratios  in  the 
manner  adopted  with  triphenylmethane,  namely,  multiplying  cjb 
by  two,  and  then  interchanging  a  and  b,  the  values  become : 
a:  b:  c  =  l-7712:  1:  2-1824,  a  =  90°12^30//. 

The  additive  compound  of  triphenylmethane  and  benzene,. 
(C6H5)3CH,C6H6,  is  rhombohedral  with  a:  c  =  l:  2-5565  (Hintze, 
loc.  cit.) ;  by  referring  this  ratio  to  rectangular  axes  it  becomes : 

a:  b:  c  =  l-7321:  1:  2*5565. 

A  consideration  of  the  axial  ratios,  molecular  distance  ratios,  and 
equivalence  parameters  for  the  above  substances  shows,  first,  that 
although  the  morphotropic  relationships  are  distinctly  evident  in 
the  axial  ratios,  they  are  much  more  completely  expressed  by  tlie 
equivalence  parameters.  Secondly,  it  is  obvious  that  the  molecular 
distance  ratios,  although  not  greatly  dissimilar  in  the  instances  in 
which  they  have  been  determined,  differ  much  more  amongst  them- 
selves than  do  the  equivalence  parameters;  the  degree  with  which 
they  correspond  is,  in  fact,  measured  in  the  main  by  the  degree 
of  approximation  of  the  respective  values  of  7?  =  F/1[\  In  this, 
as  in  the  majority  of  other  cases,  the  molecular  distance  ratios  lend 
themselves  less  fruitfully  to  the  discussion  of  morphotropic  relation- 
ships than  do  the  equivalence  parameters;  the  morphotropy  must 
therefore  be  considered  merely  in  the  light  of  the  equivalence 
parameters,  and  the  axial  ratios  and  molecular  distance  ratios  may 
be  disregarded.  , 
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The  following  table  states  the  equivalence  paramet-ers  of  all  the 
substances  dealt  with  above,  calculated  from  the  sets  of  axial  ratios 
finally  adopted.  In  the  case  of  tribenzylsilicol,  it  is  convenient  to 
state  the  equivalence  parameters  in  accordance  with  the  alternatives 
that  Si  =  2  and  4: 

X.  y.  z. 

1.  (CgH5-CH5)3Si-0H  5-3418  :  3-1032:  6-635.8     1V=\\0     Si  =  2 

2.  (C6H5-CH^)3Si-OH 5-3740  :  3-1219  :  6-6758      7^=112     Si  =  4 

3.  (CsH5'CH;)3C-OH   5-3482  :  31156  :  6-7215     Jr=112 

4.^C6H5-CH;)3CC1  5-36£6  :  3-0977  :  6-6180     /r=110 

5.  (C«H5)3C'OH    51271  :  2-9601  :  61935  /r=94 

6.  (C6H5)3CH     5-1572:2-9479:6-0515  /r=92 

7.  (CgHjlaCBr  5-1358  :  2-9651  :  60416  W=   92 

8.  (CfiHslsC-COsH    5-2384:2-9576:6-4540  jr=100 

9.  (CgHsljCH.CeHg 5  2314  :  3  0203  :  7-7213  fr=122 

Considering  the  parameters  2  and  3,  calculated  on  the  basis  that 
silicon  and  carbon  both  exhibit  the  fundamental  valency  4,  it  is 
noticed  that  in  passing  from  the  silicol  to  the  carbinol,  the  ic-value 
diminishes  by  about  one-half  per  cent.,  whilst  the  2-value  increases 
by  rather  a  larger  fraction.  If  crystal  structure  is  to  be  regarded 
as  a  question  of  close-packing,  it  is  difficult  to  conceive  that  in 
the  large  tribenzylsilicol  molecule  the  displacement  of  the  silicon 
by  a  carbon  atom  of  approximately  the  same  valency  volume  four 
can  lead,  without  change  of  symmetry,  to  such  a  notable  change 
in  dimensions  of  the  packed  structure ;  it  seems  thus  indicated  that 
carbon  and  silicon  have  not  the  same  fundamental  valency  of  four. 

On  considering  next  the  values  1  and  3,  calculated  on  the  basis 
of  Si  =  2  and  C  =  4,  it  is  seen  that  the  differences  for  x  and  y  are 
small,  and  that  practically  the  whole  weight  of  the  displacement  of 

X.  y.  z, 

2  and  3  Differences  0  0258  0  0063  0  0457 
1     „     3  „  0  0064         00124         00857 

3  „  4  „  0-0174  0-0179  0  1035 
3  ,,  5  ,,  0-2211  0-1555  05-280 
5  ,,  6  „  00:301  0-01-22  0-14-20 
5  „  7  ,,  00087  00050  01519 

5  ,,     8  „  01113        0-0025        01519 

6  ,,     9  „  0-0742        0-07-24        0-6698 

silicon  by  carbon  falls  on  the  z-parameter,  which  thus  changes  by 
nearly  2  per  cent. ;  this  is  in  complete  agreement  with  what  would 
be  anticipated  by  an  increase  of  volume  of  one  constituent  atomic 
domain  from  2  to  4.  Such  a  substitution,  provided  that  the 
mechanical  operation  of  Tschermak's  rule  conserves  the  marshalling, 
could  well  lead  to  the  expansion  of  the  assemblage  in  one  of  the 
three  rectangular  directions  of  principal  symmetry.  An  identical 
effect  is,  in  fact,  observed  in  operation  in  other  cases,  notably  in 
the  passage  from  tribenzylcarbinol  to  tribenzylmethyl  chloride, 
where  a  similar  change  of  valency  volume  by  two  units  occurs  as 
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the  result  of  the  displacement  of  the  hydroxyl  group  by  the  chlorine 
atom;  here  again  small  changes  occur  in  the  values  of  two  dimen- 
sions, X  and  y,  and  most  of  the  weight  of  the  substitution  is  thrown 
on  to  the  third  or  z-parameter,  which  alters  by  about  1'5  per  cent. 

These  considerations  suggest  that  silicon  and  carbon  have  not 
the  same  fundamental  valency,  but  that,  whilst  that  of  carbon  is 
four,  that  of  silicon  is  two.  The  available  evidence  is,  however, 
not  sufficient  in  amount  to  enable  such  a  decision  to  be  arrived  at 
with  certainty,  but  it  must  be  concluded  that  the  quantitative 
evidence,  just  as  in  the  case  of  the  humite  series,  points  to  the 
value  of  2  rather  than  4  as  representing  the  fundamental  valency 
of  silicon. 

The  table  of  differences  quoted  makes  it  clear  that  the  passage 
from  tribenzylcarbinol  to  triphenylcarbinol,  differences  3  and  5,  is 
accompanied  by  a  marked  contraction  of  the  structure  in  all  three 
rectangular  directions,  but  that  this  effect  is  much  more  marked 
in  the  direction  of  the  z-dimension  than  in  those  of  x  and  y.  From 
differences  5  and  6,  and  6  and  7,  it  is  seen  that  the  substitution 
of  the  hydroxyl  group  in  triphenylcarbinol  by  hydrogen  or  bromine 
affects  the  crystal  structure  almost  entirely  in  the  direction  of  the 
z-axis;  this  is  precisely  what  takes  place  in  the  corresponding 
operation  of  passing  from  tribenzylcarbinol  to  tribenzylsilicol,  in 
which  the  valency  volume  was  diminished  by  two  units  on  the  view 
that  Si  =  2.  The  differences  5  and  8  show  that  the  displacement 
of  the  hydroxyl  group  in  triphenylcarbinol  by  carboxyl  also  produces 
a  maximum  effect  in  the  z-dimension,  although  the  dimension  of  x 
is  also  appreciably  affected.  The  differences  6  and  9  indicate 
clearly  that,  in  the  passage  from  triphenylmethane  to  its  addition 
compound  with  benzene,  the  dimensions  of  x  and  y  are  increased 
to  an  equal  and  small  extent,  whilst  the  main  change  in  dimensions 
falls  on  the  z-axis. 

It  is  proposed  to  extend  the  application  of  Tschermak's  rule  to 
the  investigation  of  morphotropy  in  later  communications. 

I  desire  to  express  my  heartiest  thanks  to  Prof.  \V.  J.  Pope, 
F.R.S.,  for  having  suggested  this  work,  and  for  his  kind  help  during 
its  elaboration. 

University  Chemical  Laboratory, 
Cambridge. 
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CCXXVIII. — Externally  Compensated  Tetrahydroquin- 
aldine  {Tctrahydiv  -  2  -  methylquinoline)  and  its 
Optically  Active  Components. 

By  William  Jackson  Pope  and  John  Read. 

The  resolution  of  externally  compensated  tetrahydroquinaldine 
(tetrahydro-2-methylquinoline)  into  its  optically  active  components 
was  effected  by  Pope  and  Peachey  (Trans.,  1899,  75,  1066)  by 
crystallising  its  hydrochloride  (two  equivalents)  with  ammonium 
rZ-a-bromocamphor-TT-sulphonate  (one  equivalent)  in  aqueous  solu- 
tion; the  deposit  consists  of  practically  pure  /-tetrahydroquinaldine 
<^/-a-bromocamphor-7r-sulphonate.  The  o?-tetrahydroquinaldine  was 
isolated  from  the  mother  liquors  by  fractional  crystallisation  of  the 
benzoyl  derivative  prepared  from  the  separated  crude  c?-base  and 
subsequent  hydrolysis  of  the  pure  benzoyl-c?-tetrahydroquinaldine. 
The  method  thus  briefly  described  affords  an  easy  method  for  the 
preparation  of  Z-tetrahydroquinaldine,  but  the  isolation  of  the 
enantiomorphously  related  base  is  lengthy  and  difficult;  in  the 
present  paper  a  method  is  described  by  means  of  which  the  two 
enantiomorphously  related  bases  can  be  readily  prepared  in  a  state  of 
high  purity. 

Externally  Compensated  Tetrahydroquinaldine. 

This  base  was  prepared,  in  the  manner  previously  described,  as 
a  colourless  oil,  boiling  at  196°/207o  mm.;  at  the  ordinary  tem- 
perature it  is  a  mobile  liquid  which  shows  no  tendency  to  crystallise, 
and,  on  cooling  in  boiling  liquid  air,  it  solidifies  to  a  hard,  resinous 
material,  which  does  not  crystallise  even  after  long  exposure  to  the 
low  temperature  thus  obtained.  When,  however,  a  few  drops  of 
the  base  are  dissolved  in  ten  times  their  volume  of  light  petroleum, 
and  the  solution  cooled  in  boiling  liquid  air,  tetrahydroquinaldine 
crystallises  out  as  a  mass  of  white  needles ;  on  inoculating  carefully 
purified  externally  compensated  tetrahydroquinaldine  with  these 
crystals  at  the  ordinary  temperature,  crystallisation  at  once  sets  in, 
and  after  the  lapse  of  some  hours  the  whole  of  the  base  becomes 
converted  into  a  hard,  crystalline  mass. 

It  is  thus  evident  that  at  the  ordinary  laboratory  temperature 
externally  compensated  tetrahydroquinaldine  is  a  supercooled  liquid ; 
no  other  method  than  the  one  above  described  has  yet  been  found 
for  causing  the  crystallisation.  In  all  probability,  the  fact  that 
crystallisation  can  only  be  started  by  such  an  uncommon  method 
as  that  just  described  is  responsible  for  the  observation  not  having 
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been  previously  made  that  the  modification  of  tetrahydroquinaldine 
stable  at  the  ordinary  temperature  is  a  crystalline  one. 

A  specimen  of  externally  compensated  tetrahydroquinaldine, 
prepared  from  a  sample  of  the  hydrochloride  which  had  been 
repeatedly  crystallised  from  acetone,  after  having  been  caused  to 
crystallise  in  the  manner  indicated,  melted  at  20'75°;  after  melting 
the  crystalline  mass,  cooling  it  to  15°,  and  inoculating  the  liquid 
with  the  crystalline  base,  a  standard  thermometer  immersed  in  the 
solidifying  substance  showed  that  the  temperature  rose  to  20' 75° 
during  crystallisation.  This  may  therefore  be  taken  as  the  melting 
point  of  externally  compensated  tetrahydroquinaldine.  It  is 
interesting  to  note  that  on  preserving  a  quantity  of  the  crystalline 
material  in  contact  with  the  liquefied  substance  at  the  laboratory 
temperature,  the  mass  of  minute  crystals  gradually  becomes  con- 
verted into  several  large  rhombohedra ;  the  latter  grow  to  a  diameter 
of  four  or  five  centimetres,  and  are  very  transparent,  with  highly 
plane  faces.  A  good  example  is  thus  afforded  of  the  well-known 
fact  that  the  larger  crystals  present  in  contact  with  a  solution  tend 
to  grow  at  the  expense  of  the  smaller  ones  (Curie,  Bull.  Soc.  Min. 
/rang.,  1885,  8,  145). 

Preparation  of  Ammonium  d-  and  X-a-Bromocamphor-ir-sul'phonates. 

For  the  preparation  of  the  large  quantities  of  ammonium  d-  and 
Z-a-bromocamphor-TT-sulphonates  required  in  this  and  similar  work, 
the  sulphonation  with  chlorosulphonic  acid  (Kipping  and  Pope, 
Trans.,  1895,  67,  356)  is  inconvenient,  and  may  be  replaced  by  a 
slight  modification  of  the  method  first  used  by  these  authors 
(Trans.,  1893,  63,  577).  A  mixture  of  fuming  and  100  per  cent, 
sulphuric  acids  is  made  of  such  concentration  that  a-bromocamphor 
dissolves  in  it  to  a  deep  amber-coloured  solution,  and  is  not  pre- 
cipitated by  pouring  on  to  ice ;  the  concentration  of  the  acid  used 
requires  careful  adjustment,  and  a  suitable  concentration  was  found 
to  have  the  density  1*865  at  15°,  and  to  consist  of  200  c.c.  of 
100  per  cent,  sulphuric  acid  with  75  c.c.  of  65  per  cent,  sulphur 
trioxide.  This  quantity  of  acid,  cooled  to  the  ordinary  temperature, 
readily  dissolves  95  grams  of  ^/-a-bromocamphor,  and  simultaneously 
the  temperature  rises  to  about  50°.  After  agitation  for  half  a 
minute,  the  mixture  is  poured  through  a  large  funnel  filled  with 
crushed  ice,  when  an  insignificant  separation  of  unchanged  bromo- 
camphor  occurs;  if  the  acid  used  is  too  concentrated,  the 
sulphonation  product  suddenly  carbonises  with  evolution  of  torrents 
of  sulphur  dioxide.  It  is  convenient  to  sulphonate  a  kilogram  of 
c?-a-bromocamphor  in  quantities  of  100  grams  at  a  time,  and  almost 
to   neutralise  the   diluted   solution   with  milk   of  lime,   completing 
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the  neutralisation  with  calcium  carbonate;  the  solution  is  then  run 
through  a  filter  press,  the  filtrate  treated  with  ammonium  carbonate 
in  the  usual  manner,  again  filtered,  and  the  filtrate  evaporated  to 
crystallisation  in  large  copper  pans.  The  small  amounts  of  copper 
which  pass  into  solution  are  precipitated  by  ammonium  sulphide; 
care  should  be  taken  that  the  lime,  calcium  carbonate,  and  water 
used  are  free  from  chlorides,  as  the  presence  of  ammonium  chloride 
hinders  the  crystallisation  of  the  ammonium  bromocamphor- 
sulphonate. 

The  following  determinations  of  rotatory  power  were  made  in 
aqueous  solutions  at  22°  in  4-dcm.  tubes  with  ammonium  salts 
which  had  been  carefully  purified  by  repeated  crystallisation  from 
water : 

Ammonium  j  Ammonium 

d-a-Bromocamphor-ir-sulpkonate.  \-a-Bromocamphor  Tr-sulphonate. 

2  0439  giams  in  50  c.c.  ■  2'0130  grams  in  50  c.c. 

Na(Z)line).      Hg(.velIow).       Hg(green).  1^0(2)  lineX     Hg(yellow>      Hg(green). 

a     +13-94°        +14-72°  +17-30°       l  -13-62''        -14-47°  -16'97'' 

[a]    +85-25         +9002         +105-80         I  -8458  -8985  -10538 

Mean  values  :  [M]i,  278-69° ;  [M]Hg  (yellow)  295-17' ;    [M]Hg  (green)  346-55°. 

The  mean  rotatory  dispersions  calculated  from  the  above  values 
are,  for  Hg^green)/Na(yeiiow)  =  1 '243,  and  for  Hg(yeiiow)/Na(yeiiow)  = 
1-059 ;  these  constants  are  appreciably  smaller  than  the  correspond- 
ing ones  for  the  camphor-)3-sulphonic  ions  (Pope  and  Gibson,  this 
vol.,  p.  2213).  The  values  for  the  rotatory  power  for  the  D-line 
compare  well  with  those  determined  by  Kipping  and  Pope  (Trans., 
1893,  63,  589),  namely,  [a]p  +84-78°  and  [M]^  +278-25°. 

By  treating  the  ammonium  salts  with  baryta  as  previously 
described  (Pope  and  Peachey,  Trans.,  1898,  73,  893),  solutions  of 
the  pure  optically  active  acids  can  be  obtained.  The  silver  o-bromo- 
camphor-ir-sulphonates  are  easily  obtained  by  saturating  the  solutions 
of  the  acids  with  silver  hydroxide,  filtering,  and  evaporating  to 
crystallisation ;  this  method  is  far  more  convenient  than  the  one 
recommended  by  Meisenheimer  (Ber.,  1908,  41,  3973). 

Resolution  of  Externally  Compensated  Tetrahydroquinaldine. 

On  treating  racemic  tetrahydroquinaldine  hydrochloride  with 
rather  less  than  half  an  eqiiivalent  of  ammonium  </-o-bromocamphor- 
»-sulphonat€,  as  already  described  (Trans.,  1899,  75,  1066),  the 
greater  part  of  the  /-base  separates  as  the  sparingly  soluble  /-tetra- 
hydroquinaldine (/-a-bromocamphor-ir-sulphonate;  the  latter  salt  is 
obtained  in  a  state  of  high  purity  by  crystallisation  from  alcohol. 
The  mother  liquors,  containing  the  whole  of  the  rf-base,  are  then 
treated  with  sodium  hydroxide,  the  base  separated,  and  distilled; 
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the  rotatory  power  of  the  distillate  is  then  determined,  and  the  per- 
centage of  ^-base  calculated  j  in  general,  about  80  per  cent,  of  d-hase 
is  present.  This  base  is  next  dissolved  in  the  requisite  amount  of 
dilute  hydrochloric  acid,  and  to  the  hot  solution  is  added  ammonium 
Z-a-bromocamphor-TT-sulphonate ;  the  proportion  of  the  latter  used 
is  about  2  per  cent,  less  than  the  quantity  equivalent  to  the 
<^-tetrahydroquinaldine  present.  Crystallisation  does  not  ordinarily 
occur  spontaneously,  but  may  be  induced  by  inoculation  with  a  little 
crystalline  c?-tetrahydroquinaldine  Z-a-bromocamphor-7r-sulphonate ; 
the  latter  is  readily  obtained  by  evaporating  a  few  drops  of  the 
solution  to  dryness,  and  rubbing  the  residue  with  ether.  After 
inoculation,  crystallisation  takes  place  with  considerable  rise  in 
temperature,  and  almost  the  whole  of  the  d-hase  separates  as  the 
salt  of  the  optically  active  acid ;  the  salt  is  purified  by  crystallisation 
from  boiling  alcohol,  and  its  physical  properties  correspond  with 
those  of  the  enantiomorphously  related  salt. 

The  base  extracted  from  the  final  mother  liquors  consists  mainly 
of  Z-tetrahydroquinaldine,  which  may  be  separated  by  again  treating 
with  ammonium  <^-a-bromocamphor-7r-sulphonate  in  hydrochloric 
acid  solution.  The  practically  quantitative  separation  of  the 
externally  compensated  tetrahydroquinaldine  into  its  optically  active 
components  is  thus  effected. 

l-(d-)Tetrahydroqmnaldine    d-{l-)a-Bromocamphor-7r-sulphonate. 

These  salts,  which  crystallise  in  long,  colourless  needles,  melting 
at  218 — 220°,  exhibit  distinct  mutarotation  in  absolute  alcoholic 
solution,  but  since  the  solutions,  which  are  at  first  colourless,  rapidly 
become  brown,  no  trustworthy  quantitative  determinations  of  the 
mutarotation  have  yet  been  made.  The  observed  values  of  the 
specific  rotatory  powers  in  O'B  per  cent,  alcoholic  solutions  at  20° 
were  : 
[ajo  37-0"  to  41-4°,  [a]Hg,ye,iow)  39-2°  to  43-0°,  and  [a]Hg„„e„,  49-6°  to  52-3°. 

The  solutions  in  water  remain  colourless,  and  no  mutarotation 
was  observed;  the  following  values  were  obtained  in  4-dcm.  tubes 
at  17°: 


l-Base,  6.-Acid. 
0-2118  gram  in  30  c.c. 
Ka(i)line).       Hg(yellow).      ng(green). 
a      +0-91°  +0-96°         +1-14° 

[a]   +3222  +33-99        +40-37 


A- Base,  \-Acid. 

0-2034  gram  in  30  c.c. 
Na(Z)  line).         Hg(yellow).       Hg(green). 

-0-87°  -0-92°  -1-09" 

-32  08  -33-92        -40-19 


Mean  values  :  [M]„  147-34°;  [M]Hg  (yellow)  155-61° ;  [M]Hg  (green)  184-60°. 

The  rotatory  dispersions  calculated  from  the  above  values  are, 
for  Hg(green)/Na (yellow)  -  1"253,  and  for  Hg(yeiiow)/Na(yoiiow)  = 
1-056. 


QUINALDIXE   AND   ITS   OPTICALLY   ACTIVE   COMPONEXTS.      2203 

1-  and  d-Tetrahj/droquinaldine. 

The  optically  active  bases  were  obtained  by  treating  the  above- 
described  salts  with  alkali,  and  distilling  the  separated  oil  under 
diminished  pressure.  On  cooling  in  boiling  liquid  air,  they  solidify 
to  colourless  resins,  which  show  no  tendency  to  crystallise;  when  a 
few  drops  of  one  of  the  active  bases  are  dissolved  in  light  petroleum 
and  cooled  in  boiling  Hquid  air,  crystallisation  occurs,  but  the 
crystalline  material  thus  obtained  does  not  cause  the  crystallisation 
of  the  d-  or  ^base  when  used  for  inoculation  at  any  temperature 
which  could  be  established.  It  thus  appears  that  the  optically 
active  tetrahydroquinaldines  crystallise  at  a  temperature  far  below 
the  ordinary  one,  whilst  the  racemic  substance  crystallises  at  20'75°; 
a  somewhat  similar  case  is  presented  by  the  active  and  inactive 
methyl  methoxysuccinates  (Purdie  and  Neave,  this  vol.,  p.  1518). 

The  following  determinations  of  rotatory  power  were  made  in 
1-dcm.  tubes,  and  the  formula  deduced  by  Pope  and  Peachey  (Trans., 
1899,  75,  1114)  as  connecting  the  density  and  temperature  of  the 
bases  was  used  in  calculating  the  specific  rotatory  powers : 


d-Tetrahi/droquinaldine  at  16°. 

NaD  (line).  Hg(yellow).  Hg{green). 
o  +61-13°  +63-66°  +71-85° 
to]   +59-79         +62-26         +70-27 


\-Telrahydroquinaldine  at  20° 

Xa(Dline).     Hgfrellow).       Hg(greenX 
-61-20'        -63-80=        -71-97° 
-60-04         -62-59  7061 


The  mean  rotatory  dispersions  are,  for  Hg(gTeeii)/Na(yeUow)=  I'l'^S, 
and  for  Hg(j-eiiow);Na,yei!ow)=  1"042. 

The  purest  specimen  of  /-tetrahydroquinaldine  obtained  by  Pope 
and  Peachey  gave  the  specific  rotatory  power  [a]^  —5812°,  which 
is  slightly  lower  than  the  values  now  recorded.  Ladenburg,  who 
resolved  the  externally  compensated  base  by  crystallisation  with 
tartaric  acid,  obtained  /-tetrahydroquinaldine  with  a  rotatory  power 
in  a  1-dcm.  tube  of  Oi,  -50-38°  {Ber.,  1894,  27,  78),  and,  with  the 
aid  of  /-tartaric  acid,  has  recently  obtained  (/-tetrahydroquinaldine 
with  Ou  -f  5058°  (Ladenburg  and  Herrmann,  Ber.,  1908,  41,  966). 
As  we  now  show  that  the  optically  active  tetrahydroquinaldines  have 
a  rotatory  power  of  Op  6113°  to  6120°  in  1-dcm.  tubes,  it  appears 
that  Ladenburg's  purest  specimens  of  the  active  bases  contained 
about  5  per  cent,  of  the  enantiomorphously  related  isomerides. 

Although  the  optically  active  bases  could  not  be  caused  to 
crystallise,  a  mixture  of  equal  weights  of  each  crystallised  readily 
when  inoculated  with  a  crystal  of  the  racemic  base. 

d-(l-)Tetrahi/droquinaldin€    d-(l-)a-Bromocamphor-ir-sulphonate. 

On  dissolving  pure  </-tetrahydroquinaldine  in  the  equivalent 
quantity     of     </-o-bromocamphor-ir-sulphonic     acid    solution     and 
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evaporating  to  dryness,  a  gummy  residue  is  obtained,  which  crys- 
tallises when  rubbed  in  contact  with  dry  ether.  After  crystallisation 
from  ethyl  acetate,  the  salt  is  obtained  in  Small,  colourless  needles, 
melting  at  162 — 165°.  It  is  very  soluble  in  water  or  alcohol,  but 
less  so  in  ethyl  acetate.  The  salt  which  is  enantiomorphously 
related  to  the  foregoing  is  obtained  in  a  similar  manner,  and  it  is 
noteworthy  that  the  crystallisation  of  either  salt  is  induced  by 
inoculation  with  a  crystal  of  the  other : 

00995,  dried  at  100°,  gave  0*1903  COg  and  0-0548  HoO.  C  =  5216 ; 
H  =  6-16. 
C2oH2804NBrS  requires  C  =  52-37;  H  =  6-16  per  cent. 

The  salts  behave  similarly  to  their  two  isomerides  in  alcoholic 
solution,  and  exhibit  mutarotation,  which  could  not  be  accurately 
determined  owing  to  the  gradual  darkening  of  the  solutions  on 
preservation;  the  observed  specific  rotatory  powers  varied  between 
[a]„  96°  and  101°,  [a]H,(,eUov,)  101°  and  107°,  and  [a]„,„„en)  118°  and  124° 
in  1  per  cent,  solutions. 

The  following  determinations  were  made  in  aqueous  solutions  at 
17°  in   4-dcm.   tubes: 


d-Base,  d-Acid. 
0-2143  gram  in  30  c.c. 
Na(i)  line).    Hg(yel!ow).        Hg(green). 
a       +2-50°  +2-61°  +3-05° 

[o]   +87-49         +91-34  +106-74 


l-Base,  \-Acid. 

0-2082  gram  in  30  c.c. 

Na(D  lineX         Hg(yeUow).  Hg(greeii). 

-2-4-2°  -2  54°  2-96° 

-87-18  -91-50  -106  63 

Mean  values  :  [M]b  400-2°  ;  tM]Hg  (yellow)  419-0° ;  [M]Hg  (green)  488  9°. 
The   mean    rotatory    dispersions    in    aqueous    solution     are,   fox 

Hg(green)/Na(yeiiow)=l"222,    and    for    Hg(yeiiow)/Na(3ellow)=l"047. 


d-  and  \-Tetrahydroquinaldine  Hydrochloride,  CjoHi3N,HCl,HoO. 

For  comparison  with  the  salts  with  optically  active  acids,  it  seemed 
desirable  to  determine  the  rotatory  powers  of  the  hydrochlorides 
prepared  from  pure  d-  and  ^tetrahydroquinaldine ;  these  salts  wer  e 
prepared  as  already  described,  and  recrystallised  from  acetone.  Th  e 
following  determinations  were  made  in  aqueous  solution  in  4-dcm  i. 
tubes  at  17°: 

Hydrochloride  of  dBase. 

IIg(greeii). 


height  in  30  c.c. 

Na(/)  line). 

Hg(yellow) 

0-1111  gram 

a 

+   0-99° 

+    1-02° 

[a] 

66-83 

68-86 

0-2004    „ 

a 

1  78 

1-84 

[«] 

66-62 

68-86 

0-4118     „ 

a 

3-64 

3-78 

[«] 

66-33 

68-88 

+   1 

17" 

78 

98 

2 

10 

78 

59 

4 

31 

78 

-53 
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Hydrochloride  of  l-Base. 


eight  in  30  c.c. 

"Sa^D  line). 

Hg(yellow).                Hg(gT«€n). 

0-1136  gram 

a 

-1-or 

-1-05°                 -1-20° 

w 

66-68 

69-32                    79-23 

0-2062     „ 

a 

1-83 

1-90                     2-13 

w 

66-56 

69-11                    79-29 

0-4017     „ 

a 

3-56 

3-70                      4-23 

[«] 

66-47 

69-80                    78-98 

n     molecular 

rotatory 

powers  :    [MId 

134-24°  ;     [M]Hg  (yellow)    139 

[M]Hg  (green)  159-14°. 

The  mean  rotatory  dispersions  are,  for  Hg(gTeen)/Na(yeiiow)=  1*18G, 
and  for  Hg(yeiiow)/Na(5eiiow)=  1'037. 

It  will  be  seen  that  the  values  for  the  two  hydrochlorides  agree 
very  closely,  and  that  the  specific  rotatory  power  decreases  slowly 
as  the  concentration  increases.  The  mean  values  are  appreciably 
higher  than  were  obtained  by  Pope  and  Peachey,  who  found  the 
value  [M]j)— 121-7°  for  Z-tetrahydroquinaldine  hydrochloride  in 
dilute  aqueous  solution. 

From  the  values  now  recorded,  the  molecular  rotatory  powers  of 
the  optically  active  basic  and  acidic  ions  can  be  calculated  for  com- 
parison with  those  directly  observed  with  the  tetrahydroquinaldine 
hydrochlorides  and  the  ammonium  a-bromocamphor-7r-sulphonates 
by  means  of  the  formulae : 

[M]  of  dBdA  +  [M]  of  IBdA^Twice  [M]  of  dA  ion. 
[M]  of  dBdA-lM]  of  ZB<^A  =  Twice  [M]  of  dB  ion. 

The  following  values  are  thus  calculated : 


Baste  ion. 

Acidic  ion. 

Xa(D  line).      Hg(yenow). 
[M]      126-4'            131-7' 

Hg  (green). 
152-2° 

Na(2)  line).       Hg(yellow). 
273-8°            287-3° 

Hg(green). 
337-8° 

Dispersions  :    Hg(green)/Na(yellow)  =  1  -203  ;  Hg(green)/N'a(yellow)  =  1  -230  ; 
Hg(.Tellow)/Xa(yellow)  - 1  041  ;  Hg(yellow)/Na(yello«»)  =  1  -049. 

The  appended  values  are  those  deduced  from  the  examination  of 
the  hydrochlorides  of  the  base  and  the  ammonium  salts  of  the 
optically  active  acids : 

Na(Z)line).       Hg(yellow).      Hg(green).       I  Na(Z)]ine).       Hg(yellow).     Hg(green). 

[M]      134-2°  139-1°  1591°        1  2787°  295  2°  3466° 

Dispersions:  Hg(green)/Xa(yellow)  =  ri86  ;    Hg(gre«n)/Na(yellow)  =  1-243; 
Hg(yellow)/Na(yellow)  =  1  037  ;  Hg(yellow)/Na(yellow)  =  1  -059. 

It  is  noteworthy  that,  although  the  molecular  rotatory  powers 
and  dispersions  calculated  in  the  two  different  ways  respectively  are 
of  the  same  order,  the  differences  are  much  greater  than  could  be 
attributed  to  experimental  errol.  The  discrepancies  are  scarcely 
traceable  to  th^  disregard    of  the  concentration   of   the  solutions 
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examined,  and  are  possibly  due  to  the  operation  of  isomeric  change 
(compare  Kipping,  Trans.,  1905,  87,  628);  the  whole  question  is 
now  being  further  studied. 

The  Optically  Active  Benzoyltetrahydroquinaldines. 

With  the  aid  of  the  pure  optically  active  tetrahydroquinaldines 
which  have  been  now  prepared,  it  is  possible  to  obtain  the  benzoyl 
derivatives  in  a  greater  state  of  purity  than  previously,  and  to  make 
standard  measurements  of  their  rotation  constants;  these  are  of 
interest  because  the  sign  of  rotation  of  the  base  changes  during 
preparation  of  the  benzoyl  derivative.  The  benzoyl  derivatives 
were  prepared  in  the  manner  already  described,  and  the  following 
determinations  made  in  absolute  alcoholic  solution  in  4-dcm.  tubes : 

Benzoyl-di-tetrahydroquinaldine. 

Weight  in  30  C.C.         t.  N'a<Z)line).  Hg(yellow).  Hg(green). 

0-1602  gram  17°        a  -     7'03°  -     7-40°  -     8-59° 

[a]  329-1  346-4  402-1 

0-5031  gram  18          o  2193  23-00  2668 

[a]  326-9  342-9  397-7 

Benzoyl-l-tetrahydroquinaldine. 

01751  gram  17°        «  +     7-70°  +     8-08°  +     9-40° 

[o]  329-8.  346-1  402  6 

0-5067  gram  18          o  2207  23-12  2684 

[a]  326-7  342-2  397-3 

The  agreement  between  the  specific  rotatory  powers  of  the  d-  and 
Z-isomerides  for  similar  concentration  and  identical  wave-length  is 
very  close.  The  mean  specific  rotatory  powers  are,  for  the  lower 
concentration  at  17° : 

[a]D  329-46°;   [a]Hg(yenow)  346-26°  ;    [aJngOrreen)  402-38°. 

The   rotatory   dispersions   are,    for   Hg(green)/Na(yeiiow)=  1"221,    and 

for  Hg(yellow)/Na(ye]iow)=l"051. 

For  the  higher  concentration  at  18°,  the  mean  values  are: 
[a]^  326-79°;   [a]ng  (yellow)  342-54°;   [a]Hg(^een)  397-50°. 

The  rotatory  dispersions  are,  for  Hg(green)/Na(yeiiow)  =  1'217,  and 
for  Hg(yeiiow)/Na(yeiiow)=  1'048. 

In  view  of  the  obvious  high  order  of  accuracy  of  the  above  deter- 
minations, it  can  be  safely  concluded  that  the  rotatory  dispersions 
of  the  benzoyl  derivatives  diminish  slightly  as  the  concentration 
increases,  and  that  the  rotatory  dispersions  of  the  benzoyl  derivatives 
and  those  of  the  parent  bases  are  not  identical. 

The  Chemical  Laboratokt, 

University  of  Cambridoe. 
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CCXXIX. — The  Resolution  of  Externally  Compensated 
Pavine  and  a-Bvomocamphor-ir-sulphonic  Acid. 

By  William  Jackson  Pope  and  Charles  Stanley  Gibson. 

Pyman  has  recently  demonstrated  the  probability  (Trans.,  1909, 
95,  1610)  that  the  "  t^trahydropapaverine "  described  by  Gold- 
schmiedt  {Monatsh.,  1886,  7,  485 ;  1898,  19,  324)  is  the  1 :  2-dihydro- 
papaverine;  some  little  uncertainty  still  remains  as  to  the 
constitution  of  Goldschmiedt's  base,  and  Pyman  and  Reynolds  (this 
vol.,  p.  1320)  consequently  prefer  to  call  the  substance  pavine.  The 
presence  of  an  asymmetric  carbon  atom  in  the  molecule  of  "  tetra- 
Lydropapaverine,"  or  pavine,  was  demonstrated  by  the  resolution 
of  the  base  into  its  optically  active  components  (Pope  and  Peachey, 
Trans.,  1898,  73,  893),  but  in  view  of  the  interest  which  now 
Attaches  to  pavine  it  seemed  desirable  to  apply  to  its  resolution  the 
methods  which  have  been  developed  since  that  date. 

Preparation  of   Externally  Compensated   Pavine. 

The  method  of  reducing  papaverine  described  by  Pyman  yields 
the  true  tetrahydropapaverine  as  the  chief  product;  the  following 
process  furnishes  good  yields  of  pavine.  Papaverine  (35  grams), 
hydrochloric  acid  (480  c.c),  and  water  (800  c.c.)  are  heated  together 
under  reflux,  powdered  tin  (95  grams)  being  added  in  small 
portions;  the  tin  becomes  completely  dissolved  after  about  twenty 
hours'  boiling,  and,  on  cooling,  a  white,  crystalline  double  salt 
separates.  The  latter  is  crystallised  once  from  boiling  water,  and 
freed  from  tin  by  precipitation  with  hydrogen  sulphide  in  boiling 
aqueous  solution ;  the  filtered  solution,  on  evaporation,  yields  pavine 
hydrochloride,  which  is  purified  by  crystallisation  from  hot  water. 
About  one-quarter  of  the  papaverine  used  is  thus  obtained  as 
pavine,  whilst  the  mother  liquors  contain  both  the  latter  base  and 
tetrahydropapaverine.  This  considerable  yield  of  pavine  is  of 
interest  in  connexion  with  the  suggestion,  made  and  rejected  by 
Pyman  and  Reynolds  (loc.  cit.),  that  this  base  is  formed  from  some 
impurity  present  in  the  papaverine  use<l. 

Resolution  of  Externally  Compensated  Pavine. 

The  resolution  of  pavine  into  its  optically  active  components,  by 
crystallising  the  externally  compensated  base  with  one  equivalent 
of  </-bromocamphor-7r-sulphonic  acid,  as  described  by  Pope  and 
Peachey,  proceeds  slowly,  because  the  sparingly  soluble  crystalline 
salt  of  the  laevo-component   and  the  resinous  salt  of   the  dextro- 
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component  separate  together;  the  former  salt  is  with  difficulty 
purified  from  the  latter  by  crystallisation.  The  following  appli- 
cation of  Pope  and  Peachey's  method  (Trans.,  1899,  75,  1066) 
leads  to  a  more  satisfactory  resolution  of  the  base  into  its  optically 
active  components. 

Externally  compensated  pavine  hydrochloride  is  treated  with 
one-half  an  equivalent  proportion  of  ammonium  c?-a-bromocamphor- 
TT-sulphonate  in  hot  aqueous  solution ;  on  cooling,  ^pavine  c?-a-bromo- 
camphor-TT-sulphonate  separates  in  long  needles  not  contaminated 
by  the  resinous  salt  of  the  ^-base.  That  the  salt  IBdA 
thus  obtained  contained  none  of  the  salt  dBdA  was  shown  by 
treating  it,  without  recrystallisation,  with  ammonia,  and  deter- 
mining the  specific  rotatory  power  of  the  liberated  base;  in  an 
8  per  cent,  chloroform  solution  the  value  [a]jy  —  152'0°  was  obtained, 
which  agrees  well  with  the  more  accurately  determined  constant 
given  below.  It  is  clear  that  the  resolution  proceeds  in  accordance 
with  the  first  type  distinguished  by  Pope  and  Read  (this  vol., 
p.  989). 

Although  the  separation  of  a  pure  Z-pavine  salt  is  rendered  easy 
by  the  above  method,  yet  the  yield  is  not  large,  because  on  working 
in  concentrated  solutions,  or  on  concentrating  the  mother  liquors, 
hydrochloride  of  the  base  crystallises  together  with  the  salt  IBdA; 
the  following  modification  of  the  original  process,  which  is  applicable 
in  other  cases,  was  therefore  adopted.  The  salts  formed  by  pavine 
with  inorganic  acids  are  in  general  sparingly  soluble  in  water,  but 
Pope  and  Peachey  found  that  the  c?-camphor-;3-sulphonates  of  the 
base  are  readily  soluble  in  water  (Trans.,  1898,  73,  902) ;  the 
externally  compensated  pavine  was  therefore  dissolved  in  one  equi- 
valent proportion  of  c?-camphor-j3-sulphonic  acid,  and  to  the  solution 
was  added  half  an  equivalent  of  ammonium  c?-o-bromocamphor- 
TT-sulphonate,  water  being  used  as  the  solvent,  and  the  solution 
being  kept  as  concentrated  as  conveniently  possible.  Of  the  number 
of  salts  which  might  be  formed  in  the  mixed  solution,  ^pavine 
c^o-bromocamphor-TT-sulphonate  is  the  least  soluble,,  and,  as  only 
sufficient  ammonium  salt  was  added  to  allow  of  the  formation  of 
this  salt,  it  was  to  be  expected  that  practically  the  whole  of  the 
Z-pavine  would  separate  as  the  pure  salt.  In  accordance  with  this 
anticipation,  the  solution,  prepared  as  described  above,  deposited 
almost  all  of  the  Z-pavine  as  the  sparingly  soluble  tZ-o-bromocamphor- 
TT-sulphonate,  and  the  deposited  salt,  after  once  recrystallising  from 
boiling  aqueous  alcohol,  has  the  properties  previously  ascribed  to  it. 

After  the  Z-pavine  cZ-o-bromocamphor-7r-sulphonate  has  been 
obtained  in  a  pure  state,  the  residual  base — consisting  almost  entirely 
of  c?-pavine — is  precipitated  from  the  mother  liquors  by  addition  of 
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ammonia,  and  its  actual  content  of  c?-pavine  determined  from  its 
rotatory  power  in  chloroform  solution;  the  base  is  then  dissolved 
in  the  requisite  amount  of  6?-camphor-j8-sulphonic  acid  solution,  and 
ammonium  Z-o-bromocamphor-7r-sulphonate  added  in  just  sufficient 
quantity  to  precipitate  all  the  tf-pavine  as  the  salt  dBlA.,  which, 
being  enantiomorphously  related  to  the  crystalline  salt  lEdA  dealt 
with  above,  exhibits  ordinary  physical  properties  identical  vrith  those 
of  the  latter. 

d-Pavine    l-a-Bromocamphor-v-sulphonate, 
C2oH230iN,CioHi40Br-  SO3H. 

This  new  salt  separates  immediately  in  long,  colourless  needles 
when  the  above  operation  is  performed;  after  cooling,  the  salt  is 
collected  and  recrystallised  from  boiling  aqueous  alcohol.  The 
substance  decomposes  at  290 — 300°,  and  gave  the  following  results 
on  analysis : 

00933  gave  01888  CO,  and  00482  HoO.     C  =  55'19;  H=5-78. 
CsoHjgOgNBrS  requires  C  =  5519;  H  =  5"87  per  cent. 

d-  and  l-Pavine. 

These  substances  separate  on  cooling  a  hot  dilute  alcoholic  solu- 
tion of  the  corresponding  bromocamphorsulphonates  after  addition 
of  ammonia;  after  recrystalHsation  from  benzene,  the  bases  melted 
at  224°.  The  following  determinations  of  rotatory  power  were  made 
with  the  recrystallised  substances  after  drying  at  110°: 

l-Pavine.  .  d-Pavine. 

0'1983  gram,  made  up  to  20  c.c.  with  0*1970  gram,  made  up  to  20  c.c.  with 

chloroform,  in  a  2-dcm.  tube  at  23":  chloroform,  in  a  2-dcm.  tube  at  23°: 

Xa(i)lineX       Hg(yellow).      Hg(greenX  j  Na<Z)  line).       Hg(yelIow).       Hg(green). 

a       -2-990"  -3119°  -3-500°  |     «      +2960°         +3-093°         +3-470° 

[a] -150-8  -157-3  -176-5  i  [«]  + 150-3  +157-0  +176-1 

0  7316  gram,  made  up  to  20  c.c.  with  [      0-7033  gram,  made  up  to  20  c.c.  with 

chloroform,  in  a  1-dcm.  tube  at  22°:  ;  chloroform,  in  a  1  dcm.  tube  at  22°: 

a       -5-445°  -5-730°  -6-500°  1     a       +5-241'         +5520°         +6-250° 

W-148-8  -156-6  -  177-7  I  [a]  +  149-0  +157-0  +1777 

The  values  obtained  under  similar  conditions  for  the  two 
enantiomorphously  related  bases  are  in  good  agreement,  and  are 
slightly  higher  than  those  previously  recorded ;  the  specific  rotatory 
power  diminishes  slowly  with  increasing  concentration,  and  the 
numbers  afford  some  indication  that  the  rotatory  dispersion  is 
dependent  on  the  concentration  of  the  solution. 
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dl-Pavine   d\-a-Bromocamphor-ir-sulphonat e, 
2C2oH2304N',2CioHi,OBr-S03H,H20. 

In  view  of  the  sparing  solubility  of  the  two  crystalline  salts  dealt 
with  above,  namely,  IBdA  and  dBlA,  and  of  the  fact  that  the  salts 
dBdA  and  IBIA  are  resinous  and  also  sparingly  soluble,  it  seemed 
desirable  to  examine  the  salt  formed  by  externally  compensated 
pavine  with  the  externally  compensated  a-bromocamphor-Tr-sulphonic 
acid.  This  substance  was  easily  prepared  by  dissolving  <f^-pavine 
in  an  aqueous  solution  of  the  requisite  amount  of  c^-o-bromo- 
camphor-TT-sulphonic  acid,  and  evaporating  to  a  gummy  consistency ; 
the  residue  crystallises  on  keeping,  and  after  several  recrys- 
tallisations  from  strong  alcohol  the  salt  is  obtained  in  radiate  clusters 
of  soft,  white,  silky  needles.  The  salt  is  optically  inactive  in 
aqueous  solution,  and  the  following  analyses  were  made  on  the 
air-dried   material : 

0-1111  gave  0-2204  COg  and  0-0595  HgO.     C  =  54-ll  j  H  =  5-97. 

0-3233,  heated  at  110°  for  three  hours,  lost  0-0044.     H20  =  l-38. 
C6oH760i6N2Br2S2,H20    requires   C  =  54-44;    H  =  5-94; 
H20  =  1'36  per  cent. 

This  fully  racemic  salt  thus  differs  from  the  active  ones  previously 
described,  which  crystallise  without  water,  in  containing  water  of 
crystallisation;  it  is  also  very  soluble  in  water,  and  melts  without 
blackening  at  248 — 250°,  whilst  the  active  salts  are  sparingly  soluble 
and  decompose  at  290 — 300°. 

The   Resolution  of  Externally  Convpensated  a-Bromocam'phor- 
ir-sulphonic  Acid. 

The  ease  with  which  the  resolution  of  externally  compensated 
pavine  can  be  effected  with  the  aid  of  d-  and  Z-a-bromocamphor- 
TT-sulphonic  acid  suggests  that  the  optically  active  bases  could  be 
used  in  effecting  the  resolution  of  the  externally  compensated  acid 
in  accordance  with  the  method  of  Pope  and  Peachey. 

With  this  object,  an  aqueous  solution  was  prepared  containing 
^-pavine  (one  equivalent),  ammonia  (one  equivalent),  and  c?/-a-bronio- 
camphor-TT-sulphonic  acid;  a  clear  solution  is  obtained  on  boiling 
with  addition  of  a  little  alcohol,  and,  on  cooling,  the  greater  part 
of  the  alkaloid  separates  as  the  crystalline  c?-pavine  Z-a-bromo- 
camphor-TT-sulphonate.  After  recrystallisation  from  water,  the 
latter  salt  was  treated  with  ammonia,  and  the  resulting  ammonium 
^o-bromocamphor-TT-sulphonate  separated  by  crystallisation;  0-1080 
gram  of  this  ammonium  salt,  made  up  to  20  c.c.  with  water,  gave 
Op  -0-915°  in  a  2-dcm.  tube  at  22°,  whence  [o]i,  -84-7°.     The  latter 
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value  is  identical  with  that  observed  with  ammonium  Z-o-bromo- 
camphor-ir-sulphonate  prepared  from  ^campho^,  so  that  the 
resolution  of  the  externally  compensated  acid  has  been  effected. 

The  mother  liquors  from  which  the  c?-pavine  salt  had  been 
separated  were  next  treated  with  ammonia,  filtered,  and  evaporated 
until  crystallisation  occurred;  on  recrystallising  the  residue  from 
aqueous  alcohol,  pure  ammonium  c?-o-bromocamphor-7r-sulphonate 
was  obtained.  0'1082  gram,  made  up  to  20  c.c.  with  water,  gave 
Ojj  +0-915°  in  a  2-dcm.  tube  at  22°,  whence  [o]j,  +84-6°,  which 
is  the  value  ordinarily  assigned  to  pure  ammonium  c?-a-bromo- 
camphor-TT-sulphonate. 

The  Chemical  Laboratoky, 

University  of  Cambridge. 


CCXXX. — The  Rotatort/  Powers  of  the  Salts  of  d-  and 
I- Camphor- ^-sulphonic  Acid  with  d-  and  \-Pavine. 

By  William  Jackson  Pope  and  Charles  Stanley  Gibson. 

It  has  been  repeatedly  shown  that  a  knowledge  of  molecular 
rotatory  power  in  aqueous  solution  renders  great  service  in  con- 
nexion with  the  resolution  of  externally  compensated  bases  (or 
acids)  by  crystallisation  with  a  powerful  optically  active  acid  (or 
base);  the  theoretical  scheme  which  leads  to  the  indicated  use 
of  rotatory  power  determinations  is  too  well  known  to  require 
recapitulation  (see  preceding  paper).  At  the  same  time,  the 
experimental  data  on  which  the  scheme  is  based  are  not  very 
extensive,  and  it  is  of  importance  to  collect  further  evidence  in 
justification  of  the  extended  use  now  so  frequently  made  of  deter- 
minations of  molecular  rotatory  powers  in  aqueous  solutions.  For 
this  reason,  we  have  made  a  careful  polarimetric  examination  of 
the  d-  and  Apavine  d-  and  /-camphor- jS-sulphonates,  and  have 
appended  thereto  a  description  of  a  number  of  metallic  salts  of  the 
latter  acids. 

d-Pavine  A-Camphor-fi-sulphonate  and  l-Pavine  l-Cawphor^ 
P-stdphonate,  C2oH2,,04N,CioHj50-S03H. 

These  salts  are  obtained  by  boiling  equivalent  quantities  of  the 
silver  salt  of  the  corresponding  acid  with  the  hydrochloride  of  the 
corresponding  base  in  aqueous  solution;  after  filtration  and  con- 
centration, they  are  obtained  crystalline,  and,  on  recrystallisation 
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from  hot  alcohol,  separate  in  glistening  clusters  of  colourless, 
transparent  prisms.  They  are  very  soluble  in  water  or  hot  alcohol, 
less  so  in  acetone  or  cold  alcohol,  and  almost  insoluble  in  benzene 
or  ether,  and  do  not  melt  on  heating: 

0-1156  of  <^-salt  gave  0-2656  COg  and  0-0708  HgO.     C=  62-67; 

H  =  6-85. 
0-1175   of  l-salt  gave   02694  CO,  and  0-0726   HgO.     0  =  62-39; 
H  =  6-93. 
CgoHggOgNS  rcqulres  C  =  62-78;  H  =  6-86  per  cent. 
The   following  determinations  of   rotatory   power   were  made  in 
2-dcm.  tubes  at  21°,  water  being  used  as  the  solvent: 

dBdA.  I  IBIA. 

0-1094  gram  in  20  c.c.  0-1142  gram  in  20  c.c. 

Na(D)iiie).  Hg(yello'»).     Hg(green).  Na(i)line).  Hg(.vellow).  Hg(green). 


a        +1-372° 

+  1-454°     +1-663° 

-1-438° 

-1-510° 

-1-733 

[o]  +1-25-4 

+  132-9        +152-0 

-125-9 

-132-2 

-151-7 

[M]  +  7l8-7 

+  761-5       +871-0 

-721-5 

-757-5 

-869-3 

From  the  above  values  the  mean  molecular  rotatory  powers  of  the 
salts  dBdA  and  IBIA  in  dilute  aqueous  solution  are  calculated  as 

[M]i,±720-P,  [Ml„,  ,,,,,±759-5°,  and  [M]h,  „,ee„)±  870-1°.  The  mole- 
cular  rotatory  dispersions  are  for  Hg(green)/Na(yeiiow)  -=  1  -208,  and  for 
Hg(yeiiow)/Na(yeiiow)=  1*055. 

d-Pavine  l-Camj)hor-0-sulphonate  and  1-Pavine  d-Camphor- 
fi-svZphonate,  dBlA  and  IBdA. 

These  salts  were  prepared  and  crystallised  in  the  same  way  as 
the  two  preceding  ones,  from  which  they  differ  but  little  in  solu- 
bilities and  general  physical  properties;  they  crystallise  in  small, 
colourless  needles: 

0-1189  <^B^A  gave  0-2726  CO.  and  0-0716  HgO.  C  =  62-53;  H  =  6-74. 

0-1033  ^B<^A     „     0-2370  CO2     „    0-0645  H2O.  C  =  62-57;  H  =  6-98. 

CgoHggOgNS  requircs  C  =  62*78;  H  =  6-86  per  cent. 

The  following  determinations  of  rotatory  power  were  made  in 
2-dcm.  tubes  at  20°,  water  being  the  solvent : 


dBlA. 

0-1200  gram  in  20  c.c. 

Na  Hg  Hg 

(i)line).  (yellow).  (green). 


IBdA. 

0-1226  gram  in  20  c.c. 

Na  Hg  H<^, 

(D  line).  (yellow).  (green). 


a         +1-315°       +1-365°       +r540"      !  -1-340°  -1-380°  -1-580° 

[a]    +109-6        +113-8         +1283  I       -1093  -113  6  -128-9 

[M]    +6281        +6.521  (735-1  !       -626-3  -651*0  -738-6 

The  mean  molecular  rotatory  dispersions  of  the  salts  dBlA  and 
IBdA  in  dilute  aqueous  solution  are  hence  calculated  as : 

[M]i,±627-2°,  [M]„, ,,.,,  + 65 1-5°,  and  [MJh,,^..,!  736-b° 


Na 

Hg 

Hg 

(D  line). 

(yeUowX 

(green). 

rf-Base  ion   +673-6° 

+  705-5° 

+  803-4' 

d- Acid  ion      +464 

+  54-0 

+  66-6 
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The  niolecular  rotatory  dispersions  are  for  Hg^green)/^^ (yellow)  = 
1175,  and  for  Hg(j.enow)/Na(yeiiow)  =  1 '039 ;  thete  values  differ 
considerably  from  the  corresponding  rotatory  dispersions  for  the 
salts  dBdA  and  IBIA,  and  this,  as  will  be  shown  below,  is  to  be 
traced  to  the  differences  in  molecular  rotatory  dispersion  between 
the  basic  and  the  acid  ions. 

It  has  been  shown  by  Pope  and  Peachey  (Trans.,  1899,  75,  1084) 
that  the  molecular  rotatory  powers  of  the  basic  and  acidic  ions 
may  be  calculated  in  the  following  manner  from  the  molecular 
rotatory  powers  of  the  salts  dBdA  and  dBlA  in  dilute  aqueous 
solutions : 

[M]  of  dBdA  +  l'M]  of  (/B/A  =  Twice  [M]  of  dB  ion. 
[M]  of  dBdA-[M]  of  cfBL\  =  Twice  [M]  of  dA  ion. 

Applying  these  formulae  to  the  values  given  above,  the  following 
are  obtained : 

Molecular  rotations.  Rotatory  dispersions. 

Hg  (green)/  Hg(5ellow)/ 

Na(jellowX  Na(yelIow). 

1-193  1  047 

1-435  1-163 

Consideration  of  the  above  table  indicates  that  the  discrepancies 
between  the  rotatory  dispersions  of  the  two  pairs  of  enantio- 
morphously  related  salts  are  due  to  the  existence  of  considerable 
differences  between  the  rotatory  dispersions  of  the  basic  and  acidic 
ions  produced  from  the  salts  in  aqueous  solution.  ^Yhilst  the 
optical  behaviour  of  the  salts  in  question  is  up  to  this  point  entirely 
in  accordance  with  what  would  be  expected,  it  is  at  least  remarkable 
that  the  molecular  rotatory  power  of  the  acidic  ion  is  considerably 
smaller  than  the  value  hitherto  accepted;  the  examination  of  the 
ammonium  salt  of  </-camphor-)3-sulphonic  acid  and  of  the  salts  which 
the  latter  forms  with  d-  and  Z-tetrahydroquinaldine  (Pope  and 
Peachey,  Trans.,  1899,  75,  1085)  leads  to  the  conclusion  that  the 
acidic  ion  has  the  molecular  rotatory  power  [MJ^  +51*7°,  whilst 
the  results  stated  above  indicate  that  the  value  should  be  taken 
as  [M]d  +464°  It  thus  seemed  important  to  obtain  further 
experimental  data  to  supplement  the  small  amount  of  information 
now  available  concerning  the  rotatory  powers  of  the  d-csunphor- 
/3-sulphonates,  and  Mr.  P.  V.  Delahunty,  M.Sc.Tech.,  has  examined 
carefully  purified  samples  of  a  number  of  such  salts  and  of  the 
parent  acid ;  the  results  of  his  determinations  are  now  given. 

d-Camphor-fi-8ulphonic  Acid. 

This  acid  was  prepared  by  the  method  described  by  Reychler 
{Bull  Soc.  chim.,  1898,  [iiij,  19,  120),  and,  after  separation  from 


2214      POPE  AND  GIBSON  :  ROTATORY  POWERS  OF  THE  SALTS  OF  D- 

the  acetic  acid  solution,  was  recrystallised  repeatedly  from  ethyl 
acetate;  during  the  crystallisation  it  was  several  times  exposed 
over  alkali  hydroxide  in  a  vacuum  to  free  it  from  acetic  acid,  which 
it  retains  with  some  tenacity.  Solutions  of  the  purified  acid  dissolve 
magnesium  freely  in  the  cold  and  zinc  on  slight  warming,  but  do 
not  act  on  copper  at  the  boiling  point;  the  crystalline  acid  was 
subsequently  exposed  to  the  air,  and  the  following  determinations 
made  with  two  separate  preparations  : 

r0012  required  0"15624  Na*OH  for  neutralisation. 
CioHi50-S03H  =  90-51. 

2-1170  required  0-33006  Na-OH  for  neutralisation. 
CioHi50-S03H  =  90-41. 
2CjoHi50-S03H,3H20  requires  CioHi50-S03H  =  89-58. 

The  above  sample  of  the  acid,  which  thus  contains  90*45  per  cent, 
of  camphorsulphonic  acid,  gave  the  following  results  on  deter- 
mination of  rotatory  power  in  aqueous  solution  in  2-dcm.  tubes 
at  16°: 

"Weight  in  25  c.c.  Bj,.  [a]„.  [M]d. 

1-1713  grams  +1-82°  +21-44°  +497° 

1-0430       ,,  +1-65  +21-86  +50-7 

10431       ,,  +1-63  +21-59  +50-1 

The  mean  molecular  rotatory  power  in  the  dilute  aqueous  solution 
is  thus  [M]d  +  50-2°. 

Ammonium  d-Camphor-^-sulphonate. 

This  salt  was  prepared  in  the  usual  manner,  and  was  obtained 
as  a  mass  of  white  needles;  three  separate  preparations  indicated, 
on  distillation  with  soda  and  titration  with  acid,  the  presence  of 
759,  7-69,  and  7-64  per  cent,  of  ammonium,  NH^,  respectively,  in 
place  of  the  theoretical  percentage  of  7-23.  The  cause  of  this  slight 
discrepancy  was  not  traced.  The  following  determinations  were 
made  in  aqueous  solutions  at  16°,  2-dcm.  tubes  being  used: 


Grams  in  25  c.c. 

Oo 

[«]d. 

[M]o. 

1-1726 

+  1-92° 

+  20-46° 

+  50-9° 

10536 

1-72 

20-40 

60-8 

1-1295 

1-85 

20-47 

50-8 

The  mean  molecular  rotatory  power  in  dilute  aqueous  solution 
is  thus  [MJu  -i-50-8°. 

Potassium  d-Camphor-fi-sulphonate. 

This  salt  was  prepared  in  the  usual  manner,  and  when  purified 
by  crystallisation  from  alcohol,  is  obtained  in  colourless  needles, 
which  contain  no  solvent  of  crystallisation : 
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0-7860  gave  0-7150  KaPtClg.     K  =  14-60. 

C10H15O4SK  requires  K  =  14-44  per  cent. 
The  following  determinations  of  rotatory  power  were  made  in 
aqueous  solutions  at  16°  in  2-dcm.  tubes: 


Grams  in  25  c.c. 

Od. 

[«].. 

[MV 

1-1190 

+  1-64' 

+  18-32° 

+  49-5° 

1-0956 

1-61 

18-37 

49-6 

1-0910 

1-60 

18-33 

49-5 

Calcium  d-Camphor-^-sulphonate. 

On  treating  a  solution  of  the  acid  with  lime,  precipitating  the 
excess  of  the  latter  with  carbon  dioxide,  filtering,  and  concentrating, 
the  calcium  salt  is  obtained  in  large,  colourless  prisms : 

1-0685  gave  0-2540  CaSO^.     Ca=  6-99. 

2-0298  lost  0-2613  at  105°.     H20  =  12-87. 

(CjoHi504S)2Ca,4H20  requires  Ca=6-97;  H20  =  12-54  per  cent. 

The  following  determinations  were  made  in  aqueous  solutions  at 
16°  in  2-dcm.  tubes : 

Grams  in  25  c.c.                   Oi,.                                [ajn.  [M]i,. 

1-0042  +1-39°  +17-30°  +49-6'' 

1-0184                           1-40                              17-18  49-3 

1-2048                            1-65                             17-12  49-1 

The  mean  molecular  rotatory  power  in  dilute  aqueous  solution  is 
thus  [M]d  +  49-3°. 

Barium  d-Camphor-$-sulj)honate,  (CioHi50*S03)2Ba,3H20. 

This  salt  was  prepared  by  treating  the  ammonium  salt  with 
baryta,  separating  the  excess  of  the  latter  in  the  usual  way,  and 
concentrating  the  filtered  solution  until  crystallisation  occurred; 
it  was  purified  by  recrystallisation  from  water,  and  finally  obtained 
in  colourless  needles.  The  solvent  of  crystallisation  is  only  lost 
completely  at  120 — 130°,  and  the  anhydrous  salt  is  hygroscopic: 

1-0124  gave  0-3600  BaSO^.     Ba  =  20-90. 

1-7860  lost  0-1473  at  130°.     H20  =  8-25. 

(CioHi504S)2Ba,3H20  requires  Ba  =  20  98;  H20  =  8-27  per  cent. 

The  following  determinations  were  made  in  aqueous  solutions  at 
16°  in  2-dcm.  tubes: 


13  in  25  c.c. 

Od. 

Wo. 

[M]„. 

1-1760 

+ 1  -43° 

+  15-30° 

+  49-6° 

1  0136 

1-23 

1616 

49-5 

1-0422 

1-27 

15-23 

49  7 

The  mean  molecular  rotatory  power  in  dilute  aqueous  solution  is 
thus  [M]d  +  49-6°. 
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Zinc   d-Gamphor-fi-sulphonate,    (CioHi504S)2Zn,6H20. 

The  zinc  salt,  prepared  by  double  decomposition  between  the 
barium  salt  and  zinc  sulphate,  crystallises  in  lustrous,  six-sided 
prisms,  which  melt  at  167°: 

0-9052  lost  0-1540  at  130°,     H2O  =  17-01. 

1-0136  gave  0-1300  ZnO.     Zn  =  10-29. 
(C,oHi50iS)2Zn,6H20  requires  HgO^  17-01;  Zn  =  10-33  per  cent. 

The  following  determinations  were  made  in  aqueous  solutions  at 
16°  in  2-dcm.  tubes : 


Grams  in  25  c.c. 

Od. 

[«]n 

[M]o. 

1-0001 

+  1-24° 

+  15-49° 

+  49-2° 

10130 

1-26 

15-55 

49-4 

1-0132 

1-25 

15-42 

490 

The  mean  molecular  rotatory  power  in  aqueous  solution  is  thus 
[M]u  +  49-2°. 

Silver  d-Camphor-^-sulphonate,   CioHjgO'SOsAg. 

This  salt,  prepared  by  dissolving  silver  hydroxide  in  the  aqueous 
acid,  crystallises  in  colourless  needles,  and  is  readily  soluble  in  water 
and  alcohol: 

1-0506  gave  0-4466  AgCl.     Ag  =  31-97. 

CioH^jO^SAg  requires   Ag  =  31-86  per  cent. 

The  following  determinations  were  made  in  aqueous  solutions  at 
16°  in  2-dcm.  tubes: 


Grams  in  25  c.c. 

Oo, 

[«]o. 

[M]o. 

10010 

+  1-17° 

+  14-61° 

+  49-5' 

1-0730 

1-25 

14  56 

49-4 

1-1008 

1-28 

14-54 

49-2 

The  mean  molecular  rotatory  power  in  dilute  aqueous  solution  is 
thus  [M]p  +-  49-4°. 

In  addition  to  the  salts  described  above,  the  cupric  salt, 
crystallising  with  5-5  molecules  of  water  in  pale  blue  rhombs,  and 
the  ferric  salt,  crystallising  in  yellowish-green  leaflets,  have  also 
been  prepared. 

It  is  noteworthy,  that  in  the  concentrations  used,  all  the  above 
compounds,  with  the  exception  of  the  free  acid  and  its  ammonium 
salt,  give  molecular  rotatory  powers  less  than  [M]u  +  50° ;  this  value 
is  notably  less  than  was  obtained  by  Pope  and  Peachey  from 
examination  of  the  ammonium  salt.  The  still  smaller  value  of 
[M]d  -f-  46-4°  obtained  for  the  acidic  ion  by  the  examination  of  the 
pavine  salts  described  above  possibly  result  from  the  greater  degree 
of  molecular  dilution  in  which  the  latter  salts  were  examined;  in 


AND  L-CAMPHOR-/9-SULPHONIC  ACID  WITH  D-  AND  L-PAVINE.     221? 

this  connexion,  it  is  worthy  of  note  that  Walden  (Zeitsch.  fhy&ikal. 
Chem.,  1894,  15,  196)  found  that  the  molecular  rotatory  powers 
of  the  <i-o-bromocamphor-7r-sulphonates  decreased  slightly  as  the 
dilution  increased  in  aqueous  solution. 


d-  and  l-Pavine  d-Tartrates. 

Since  externally  compensated  pavine  cannot  be  resolved  by 
crystallisation  with  <f-tartaric  acid,  owing  to  the  formation  of  a 
well-characterised  partly  racemic  <f^pavine  £?-tartrate  (Goldschmiedt, 
Monatsh.,  1898,  19,  321;  Pope  and  Peachey,  Trans.,  1898,  73,  902), 
it  appeared  of  interest  to  prepare  and  examine  the  tf-tartrates  of 
both  d-  and  /-pavine.  The  salts  were  prepared  by  dissolving 
equivalent  quantities  of  the  base  and  acid  in  aqueous  alcohol  and 
evaporating  to  dryness;  the  partly  crystalline  residues  were  then 
dissolved  in  dry  acetone  and  precipitated  as  microcrystalline,  white 
powders  by  the  gradual  addition  of  dry  ether.  Both  salts  absorb 
moisture  from  the  air,  and  are  extremely  soluble  in  water  and  most 
organic  solvents;  they  thus  contrast  strongly  with  <f /-pavine 
^/-tartrate,  which  is  stable  in  the  air,  and  dissolves  sparingly  in 
water  and  alcohol. 


d-Pavine   d-Tartrate,   2C2oH2304N,C4H606,6H20. 

This  salt  readily  absorbs  moisture  after  drying  in  a  vacuum 
desiccator,  and,  for  purposes  of  analysis,  was  exposed  to  the  air 
until  constant  in  weight: 

01170  gave  02401  COg  and  00682  HgO.     C =55-97;  H  =  6-52. 

0-4364  lost  0-0394  at  105°.     H2O  =  903. 
C44H64O20N2  requires  0  =  5614;  H  =  6-86;  H20  =  11-50  per  cent. 

An  accurate  determination  of  the  water  of  crystallisation  could 
not  be  made,  because  decomposition  sets  in  before  the  salt  becomes 
anhydrous;  the  above  analyses  merely  show  that  the  salt  is  the 
normal  tartrate.     It  melts  and  decomposes  at  156 — 158° : 

02260  gram,  dried  at  105°,  and  made  up  to  200  c.c.  with  water 
at  22°,  gave  Oj,  +  356°  in  a  2-dcm.  tube,  whence  [oj^  + 157-5°. 

l-Pavine  d-Tartrate,  2C2oH2804N2,C4H60o,H20. 

After  drying  at  105°,  this  salt  was  found  by  the  following 
analyses  to  retain  one  molecule  of  water  of  crystallisation ;  like  the 
corresponding  .  salt  of  c/-pavine,  it  melts  and  decomposes  at 
156—158°: 

VOL.  xcvii,  7  r 
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0-1658  gave  0-3759  COg  and  0-0950  HgO.     C  =  61-81;  H  =  6-40. 
0-1694     „     0-3862  CO2     „    0-0968  HgO.     C  =  62-16;  H  =  6-39. 

C44H54O15N2  requires  0  =  62-10-'  H  =  6-40  per  cent. 
0-2810    gram,    made   up  to   20-0  c.c.    with  water   at  22°,    gave 
Ojj  -4-23°  in  a  2-dcm.  tube,  whence  [ajj,  -150-5°. 

University  Chemical  Laboratory, 
Cambridge. 


CCXXXI. — Synthesis     of     1:1:  S-Trimethylcyclohexene 
(cyclo  Geraniolene). 

By  Arthur  William  Crossley  and  Charles   Gilling  (Salters' 

Fellow). 

Some  years  ago  Tiemann  and  Semmler  (Ber.,  1893,  26,  2708) 
prepared  from  the  aldehyde  citral  (geranial)  an  open-chain  hydro- 
carbon, CgHje,  named  by  them  geraniolene.  The  constitution  of 
this  substance  (I)  follows  from  that  of  citral,  which  was  established 
by  Barbier  and  Bouveault  in  1896  {Compt.  rend.,  122,  393). 

When  geraniolene  is  shaken  with  a  60  per  cent,  solution  of 
sulphuric  acid,  an  isomeric  change  takes  place,  the  open-chain 
hydrocarbon  being  converted  into  a  mixture  of  two  cyclic  hydro- 
carbons, a-  and  j8-cyc^ogeraniolene  (II  and  III),  in  which  mixture 
the  a-variety  is  present  in  larger  quantity : 

CMejIOH-CHg-CHg-CMelCHg  -^  CMe2<^g2'CMe^pjj   ^^^ 

(I.)  '(11.)' 

(III.) 

The  constitutional  formulae  of  these  hydrocarbons  were  ultimately  ■ 
determined  by  Tiemann  {Ber.,  1898,  31,  816,  881;  1900,  33,  3711)  ^ 
from  a  study  of  their  oxidation  with  potassium  permanganate,  the  ', 
products  isolated  being  two  ketonic  acids,  isogeronic  (IV)  and  I 
geronic  (V)  acids,  together  with  as-dimethylsuccinic  acid  and  ^)8-di 
methylglutaric  acid. 

nAT    /CHo'CMe=%^P,TT  ^        nm    ,^CH„*COMe-    nr*  rr 

(IV.) 
(V.) 


^CHj-CH2^^"2     -^     ^^^*'2\ch; CHj 
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The  formation  of  the  two  modifications  of  cyc^ogeraniolene  was 
ascribed  to  the  addition  of  two  molecules  of  water  to  the  molecule 
of  geraniolene  which  were  subsequently  eliminated.  According  to 
Tiemann,  hydroxyl  groups  became  attached  to  the  carbon  atoma 
bearing  methyl  groups,  so  that  the  first  stage  in  the  reaction  consists 
in  the  formation  of  a  compound  of  formula  VI;  this  is  succeeded 
by  ring-formation  due  to  elimination  of  a  molecule  of  water  and 
subsequent  union  of  the  two  carbon  atoms  marked  * : 

OH-CMe2-CH2-CH2-CMe(OH)-(JH3  — >  CMe^K^^^'^^^^^yCH.^ 

(VI.)  ^    (VII.) 

It  is  obvious  that  the  second  molecule  of  water  may  be  eliminated 
from  the  compound  (VII)  in  two  different  ways,  and  the  formation 
of  the  two  modifications  of  cyc/ogeraniolene  is  thus  explained : 


-CH2 CH.^-^^^^     ^     """"^^CHj-CHg 


or 


CMe2<(.jjJ.(,g.^CHy 
A.  third  hydrocarbon  having  the  formula : 

is  a  possibility,  but  no  evidence  of  its  presence  is  recorded. 

Tiemann  did  not  actually  isolate  either  of  the  hydroxy-compounds 
VI  or  VII,  but  a  synthesis  of  1:1:  3-trimethylcyc/ohexan-3-ol 
(VII)  has  now  been  effected  by  a  method  which  leaves  no  doubt 
as  to  its  constitution,  and  it  is  found  that  this  alcohol  can  be  readily 
converted  into  cycZogeraniolene,  thus  affording  confirmation  of 
Tiemann's  supposition. 

The  starting  point  was  1 :  l-dimethylcyc/ohexan-3-one  (VIH), 
prepared  by  the  action  of  reducing  agents  on  5-chloro-l :  1-dimethyI- 
A*-cyc^ohexen-3-one  (Trans.,  1907,  91,  81).  When  this  ketone  is 
treated  with  an  ethereal  solution  of  magnesium  methyl  iodide  and 
the  product  decomposed  with  water,  trimethylcyc/ohexanol  (IX)  is 
obtained  as  a  well-defined,  crystalline  substance,  melting  at  72'5° 

«M'^<^^rc"H>CH,     -^     CMe,<gH,:CMe^H)>,^^ 

(VIII.)  (IX.) 

(X.) 
Fuming  hydrobromic  acid  converts   the    alcohol   into    3-bromo- 
1:1:  3-trimethylcyc/ohexane    (X),     which,     when     treated     with 
ftlcoholic  potassium  hydroxide,    loses    the    elements    of    hydrogen 

7  F  2 
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bromide  in  two  ways,  giving  rise  to  the  same  mixture  of  hydro- 
carbons as  described  by  Tiemann. 

The  work  of  Tiemann  on  the  preparation  of  cycZogeraniolene  was 
repeated  by  Wallach  (Ahnalen,  1902,  324,  97),  who  prepared  the 
nitrosate  of  o-cyc^ogeraniolene,  and  proved  that  it  was  transformed 
by  the  action  of  alkalis  into  the  oxime  of  1 :  1 :  S-trimethyl-A^-cyc^o- 
hexen4-one.  The  identity  of  the  hydrocarbons  described  in  the 
present  communication  with  cyc^ogeraniolene  has  been  established 
by  preparing  this  crystalline  nitrosate,  and  from  it  the  above- 
mentioned  oxime;  further,  by  oxidising  the  hydrocarbons  with 
potassium  permanganate,  when  the  products  isolated  were  as-di- 
methylsuccinic  acid,  isogeronic  and  geronic  acids,  the  two  latter 
being  identified  as  their  semicarbazones,  melting  at  195°  and  164° 
respectively. 

Experimental. 
1:1:  2-Trimethj/lcyclohexan-3-ol,  CMe2<CpTT^ -nxi^^^i' 

Thirty  grams  of  1 :  l-dimethylcyc7ohexan-3-one  (Trans.,  1907,  91, 
81),  dissolved  in  an  equal  volume  of  ether,  were  gradually  added  to 
a  Grignard  reagent  prepared  from  33  grams  of  methyl  iodide  and 
5" 7  grams  of  magnesium  turnings  in  100  c.c.  of  dry  ether.  The 
ethereal  solution  was  gently  boiled  on  a  water-bath  for  one  hour, 
cooled,  and  poured  into  a  concentrated  solution  of  ammonium 
chloride,  to  which  ice  had  been  added.  The  ethereal  layer  was 
separated,  the  saline  solution  extracted  three  times  with  ether,  the 
mixed  ethereal  liquids  washed,  dried  over  potassium  carbonate,  and 
evaporated,  when  a  solid  residue  (23  grams  =  70  per  cent,  of  the 
theoretical  amount)  was  obtained,  which,  after  drying  on  porous 
plate,  was  recrystallised  from  dilute  alcohol  and  analysed : 

0-1061  gave  0-2965  COg  and  0-1209  HgO.     C  =  76-21;  H  =  12-66. 
CgHigO  requires  C  =  7606;  H  =  12-67  per  cent. 

1:1:  S-Trimethylcyclohexan-S-ol  is  readily  soluble  in  the  cold  in 
all  the  ordinary  organic  solvents,  and  may  be  crystallised  from 
dilute  alcohol  or  dilute  acetone,  from  which  it  separates  in  beautiful 
four-sided,  elongated  prisms,  having  a  characteristic,  strongly 
camphoraceous  odour,  and  melting  at  72-5°. 

3-Bromo-l :  1 :  3-trimethj/lcyclohexane. 

TrimethylcycZohexanol,  in  quantities  of  10  grams  at  one  time, 
were  sealed  up  with  50  c.c.  of  a  solution  of  hydrogen  bromide 
(saturated  at  0°)  in  small  soda-water  bottles,  which  were  heated 
in  a  boiling-water  bath  for  one  hour.     The  mixture  was  poured 
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into  water,  extracted  three  times  with  ether,  the  ethereal  solution 
washed  with  a  solution  of  sodium  hydrogen  carbonate,  then  with 
water,  dried,  evaporated,  and  the  residue  distilled  under  diminished 
pressure,  when,  after  two  distillations,  11"5  grams  passed  over 
constantly  at  88°/ 20  mm.  : 

01527  gave  0-1375  AgBr.     Br  =  38-31. 

CgHiyBr  requires  Br  =  39-02  per  cent. 

Bromotrimethylcjclohexane  is,  when  freshly  prepared,  a  faintly 
yellow  liquid  boiling  at  88°/ 20  mm.,  which,  especially  on  exposure 
to  air,  evolves  fumes  of  hydrogen  bromide  and  rapidly  decomposes, 
becoming  green,  and  finally  black.  The  rapidity  with  which  this 
decomposition  takes  place  accounts,  no  doubt,  for  the  low  result  for 
bromine  quoted  above. 

1:1:  3-Trimethyl-l^-  and  -\~-cjclohexenes.      a-  and  jS-cyclo- 
Geraniolene, 

CMe2<:g]^;CcH^>CH    and    CMe.3<^^ '.^^^>CH2 

Thirty  grams  of  potassium  hydroxide  were  dissolved  in  a  little 
water,  and  added  to  35  grams  of  bromotrimethylcycZohexane  dis- 
solved in  150  c.c.  of  absolute  alcohol.  The  whole  was  heated  on  the 
water-bath  for  one  hour,  cooled,  poured  into  water,  and  extracted 
four  times  with  ether ;  the  ethereal  solution  was  washed,  dried,  and 
evaporated,  and  the  residue  distilled,  when  the  following  fractions 
were  collected:  110— 136°  =  2  grams;  136 — U2°  =  13  grams; 
142— 150°  =  3  grams.  The  fraction  136 — 142°  was  twice  redistilled 
over  sodium  and  analysed: 

01244  gave  03971  COg  and  01430  H^O.     C  =  8706;  H  =  12-77. 
C^Hie  requires  C  =  87-10;  H:  =  12-90  per  cent. 

Trimethylcjclohexene  (cjclogeraniolene)  is  a  colourless,  refractive 
liquid,  possessing  a  pronounced  terpene-like  odour.  It  boils  at 
137— 140°/760  mm.,  and  has  a  density  of  08085  at  15°/15° 

This  hydrocarbon  has  also  been  prepared  by  the  action  of 
dehydrating  agents  on  trimethylcycZohexanol  (potassium  hydrogen 
sulphate  at  130 — 140°,  and  zinc  chloride  at  160 — 170°)  and  by 
shaking  trimethylcyc^ohexanol  with  dilute  sulphuric  acid  (D  1-67) 
for  several  hours  at  the  laboratory  temperature.  If  this  latter 
action  is  prolonged  for  several  days,  the  principal  product  is  a 
polymeric  modification  of  the  hydrocarbon  boiling  at  165 — 170°/ 
30  mm. 

When  dissolved  in  glacial  acetic  acid  and  treated  with  amyl 
nitrite   and   nitric  acid   according  to   the   directions  of   Wallach 
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(loc.  cit.),  the  mixture  of  trimethylcyc^ohexenes,  prepared  by  any  of 
these  methods,  yielded  the  crystalline  nitrosate  of  1 :  1 :  3-trimethyl- 
A^-cycZohexene,  melting  at  103 — 104°,  which  by  the  action  of  sodium 
methoxide  was  transformed  into  the  oxime  of  1:1:  3-trimethyl- 
A2-cycZohexen-4-one,  melting  at  128°. 

The  hydrocarbon  was  oxidised  with  potassium  permanganate  as 
described  by  Tiemann  {Ber.,  1900,  33,  3711),  when  the  residue 
obtained  on  working  up  the  product  partly  solidified  on  keeping. 
It  was  spread  on  plate,  and  the  residue  crystallised  from  water, 
when  it  melted  at  140°.  The  identity  of  this  substance  with  as-di- 
methylsuccinic  acid  was  proved  by  the  mixed  melting-point  method, 
and  by  preparing  from  it  an  anilic  acid,  which  melted  at  186°. 

The  porous  plate  (see  above),  on  extraction  with  ether,  yielded 
an  oil  which  was  dissolved  in  alcohol  and  treated  with  a  solution 
of  semicarbazide  acetate.  After  some  time  a  solid  was  deposited, 
melting  at  185 — 192°,  which  crystallised  from  alcohol,  in  which 
solvent  it  is  only  sparingly  soluble,  in  feathery  needles,  melting  and 
decomposing  at  198°.  (Found,  N  =  18'46.  C10H19O3N3  requires 
N  =  18'34  per  cent.)  These  data  prove  the  substance  to  be  the 
semicarbazone  of  isogeronic  acid. 

On  concentrating  the  mother  liquor  from  the  above  semicarbazone, 
a  further  quantity  of  crystals  was  obtained  in  glistening  lamellae, 
melting,  after  recrystallisation,  at  163°.  (Found,  N  =  18'37. 
C10H19O3N3  requires  N  =  18'34  per  cent.)  The  substance  was  there- 
fore the  semicarbazone  of  geronic  acid  (compare  Tiemann), 

It  appeared  to  be  of  interest,  in  connexion  with  other  work  which 
is  in  hand,  to  try  the  action  of  Grignard  reagents,  other  than 
magnesium  methyl  bromide,  on  dimethylcycZohexanone,  but  the 
results  are  most  disappointing,  as  with  increase  in  the  molecular 
weight  of  the  alkyl  group,  the  yields  of  the  products  decrease 
rapidly,  and  further  work  in  this  direction  has  been  abandoned  for 
the  present. 

1 :  l-Dimethpl-S-ethylcyclohexan-3-ol,  prepared  by  the  action  of 
magnesium  ethyl  bromide  on  1 :  l-dimethylcycZohexan-3-one,  is  a 
colourless,  refractive  liquid,  boiling  at  94°/ 30  mm.,  and  possessing  a 
penetrating,  camphoraceous  odour : 

01363  gave  03851  COg  and  01552  HgO.     C  =  77-05;  H  =  12-65. 
C10H20O  requires  C  =  7693 ;  H  =  1282  per  cent. 

The  alcohol  is  readily  converted  by  the  action  of  fuming  hydro- 
bromic  acid  into  3-bromo-l :  l-dimethyl-Z-ethylcyclohexane  (b.  p. 
105 — 106°/ 22  mm.),  from  which  substance  hydrogen  bromide  is 
eliminated  by  potassium  hydroxide  to  give  a  mixture  of  isomeric 
1 :  \-dimethyl-Z-ethylcyc\ohexcnes : 
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0-1210  gave  03848  CO,  and  01425  HgO.     C  =  86-73 ;  H  =  13-09. 

CiqHjs  requires  C  =  86'95;  H  =  13-04  per  cent. 
Dimetki/lethylcyclohexene  is  a  colourless,  refractive  liquid,  boiling 
at  156°/ 760  mm. 

Research  Laboratory,  Pharmaceotical  Society, 
17,  Bloomsbury  Square,  W.C. 


CCXXXII. — The  Constituents  of  Gelsemium. 
By  Charles  Watson  Moore. 

Under  the  title  of  "gelsemium"  several  of  the  pharmacopoeias 
recognise  the  dried  rhizome  and  roots  of  Gelsemium  sernpervirens, 
AitOD,  commonly  known  as  the  "yellow  jessamine." 

The  medicinal  value  of  the  plant  is  due  to  the  presence  of  certain 
alkaloids,  only  one  of  which,  however,  has  been  obtained  in  a  crystal- 
line condition. 

Among  the  earlier  investigations  of  gelsemium  there  may  be  noted 
that  of  Wormley  (Amer.  J.  Pharm.,  1870,  42,  1),  who  isolated  an 
impure  alkaloidal  product  to  which  he  gave  the  name  of  "  gelsemiuine." 
This  base  was  afterwards  investigated  by  Sonnenschein  (Ber.,  1876, 
9,  1182)  and  Gerrard  {Pharm.  J.,  1883,  13,  [iii],  641),  who  assigned 
to  it  the  formulae  C22H3g04No  and  C24H230^N2  respectively.  The  last- 
mentioned  investigator  was  the  first  to  obtain  gelsemine  and  its  salts 
in  a  crystalline  state.  Thompson  [Jahresher.,  1887,  2218),  who  ascribed 
to  gelsemine  the  formula  C54HggOj2N4,  showed  that  it  was  accompanied 
in  the  plant  by  a  second  alkaloid,  which  he  obtained  in  an  amorphous 
condition,  and  which  he  designated  as  "  gelseminine."  Both  gelsemine 
and  gelseminine  have  more  recently  been  examined  by  Cushny 
(Ber.,  1893,  26,  1725),  who  proposed  the  formulae  C^gHggOj^Nj  and 
C^jH^yOj^Ng  respectively  for  the  two  bases.  Spiegel  {Ber.^  1893,  26, 
1045)  suggested  the  formula  CgjHggOgNg  for  the  crystalline  base,  which 
was  confirmed  by  Goeldner  {Ber.  deut.  pharm.  Ges.,  1895,  5,  330),  who 
obtained  it  in  colourless  crystals,  melting  at  160"^. 

Some  confusion  has  arisen  as  to  the  nomenclature  of  the  two  bases 
isolated  from  gelsemium ;  thus  in  the  English  literature  the  crystal- 
line base  is  referred  to  as  gelsemine,  and  the  amorphous  product  as 
gelseminine,  whilst  most  of  the  German  investigators,  for  example, 
Spiegel  {loc.  cit.)  and  Goeldner  {loc.  cit.),  use  these  names  in  the  opposite 
sense.     In  this  communication  the  English  nomenclature  is  adhered  to. 

The  present  investigation  has  resulted  in  the  isolation  of  the  alkaloid 
gelsemine  in  a  pure  crystalline  condition.  The  base  is  found  to  melt 
considerably  higher  than  has  hitherto  been  recorded  (m.  p.  178°,  instead 
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of  160°),  and  it  has  been  conclusively  shown  to  possess  the  formula 
CgoHggOgNg.  Besides  gelsemine  and  gelseminine,  the  presence  of  a 
third  alkaloidal  substance  in  gelsemium  has  been  established.  This 
substance  is  weakly  basic  and  amorphous,  but  possesses  strongly  toxic 
properties. 

It  was  shown  by  Wormley  (loc.  cit.)  that  gelsemine  was  accompanied 
in  the  plant  by  an  acidic  substance,  which  he  called  "gelseminic  acid," 
an  observation  which  has  been  confirmed  by  the  present  author. 
Gelseminic  or  "gelsemic"  acid  has  been  shown  by  Schmidt  (Arch, 
Pharm.,  1898,  236,  236)  to  be  a  monomethyl  ether  of  sesculetin 
(4  : 5-dihydroxycoumarin),  Two  sesculetin  monomethyl  ethers  are 
known,  which  have  been  incorrectly  termed  a-  and  j8-methylaesculetin 
respectively  (compare  Beilstein'a  Handbuch,  III.,  568),  the  compound 
from  gelsemium  having  been  given  by  Schmidt  the  latter  designation. 
It  is  evident,  however,  that  the  names  a-  and  /?-methylaesculetin  can 
only  be  correctly  applied  to  substances  possessing  the  following  formulae 
respectively  (Pechmann  and  Kraft,  Ber.^  1901,  34,  423): 
CH  C-CH, 


HO/    Y   ^C-CHg  HO/    Y  ^^^ 

o  o 

Gelseminic  acid  is,  therefore,  sesculetin  4-(or-5)monomethyl  ether, 
and  it  is  considered  desirable  to  retain  for  this  substance  the  name 
"  scopoletin,"  as  proposed  by  Eykman  {R>'X.  trav.  chim.,  1884,  3,  171), 
who  first  obtained  it  from  the  rhizome  of  Scopolia  japonica.  The 
fluorescent  substance,  known  as  /J-methylsesculetin,  which  is  contained 
in  the  bark  of  Prunus  serotina  and  in  jalap  (Trans.,  1909,  95,  243; 
J".  Amer.  Chem.  Soc,  1910,  32,  93)  would  accordingly  be  more 
appropriately  termed  scopoletin. 

A  summary  of  the  results  of  the  complete  investigation  of  gelsemium, 
is  given  at  the  end  of  this  paper. 

Experimental. 

The  material  employed  in  this  investigation  consisted  of  the  dried 
rhizome  and  roots  of  Gelsemium  sempervirens,  Aiton. 

A  portion  (20  grams)  of  the  crushed  drug  was  extracted  successively 

in  a  Soxhiet  apparatus  with  various   solvents,   when   the   following 

amounts  of  extract,  dried  at  100°,  were  obtained  : 

Petroleum  (b.  p.  85—60°)  extracted  0-39  gram  =   1'95  per  cent. 

Etlier  „  0-16     „  080         „ 

Chloroform  „  0-34     ,,  170        „ 

Ethyl  acetate  ,,  0-16     ,,  O'SO        ,, 

Akohol  „  1G3    „  8-16        „ 

Total  2-68  grams  =  13 -40 
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For  the  purpose  of  a  complete  examination,  49*44  kilograms  of  the 
ground  material  were  completely  extracted  with  hot  alcohol.  After 
the  removal  of  the  greater  portion  of  the  alcohol,  a  viscid,  dark- 
coloured  extract  was  obtained,  amounting  to  9'20  kilograms. 

Distillation  of  the  Extract  with  Steam. 

A  quantity  (2  kilograms)  of  the  above-mentioned  extract,  represent, 
ing  about  10'75  kilograms  of  the  drug,  was  mixed  with  water,  and 
steam  passed  through  the  mixture  for  some  hours.  The  distillate, 
which  amounted  to  5  litres,  contained  some  drops  of  oil  floating  on  the 
surface.  It  was  extracted  with  ether,  the  ethereal  liquid  being  dried 
and  the  solvent  removed,  when  a  small  quantity  of  an  essential  oil  was 
obtained.  This  was  a  very  pale  yellow  liquid,  and  amounted  to  about 
2  grams,  being  thus  equivalent  to  about  001 9  per  cent,  of  the  weight 
of  the  drug. 

Non-volatile  Constituents  of  the  Extract. 

After  the  distillation  of  the  extract  with  steam,  as  described  above, 
there  remained  in  the  distillation  flask  a  quantity  of  a  brown  resin 
(A)  and  a  dark-coloured  aqueous  liquid  (B).  The  resin  was  collected, 
and  repeatedly  washed  with  water  until  nothing  further  was  removed, 
the  washings  being  added  to  the  above-mentioned  aqueous  liquid. 

This  resin  was  a  brown,  viscid  solid,  and  amounted  to  412  gram?.  It 
was  dissolved  in  alcohol  and  mixed  with  purified  sawdust,  the 
thoroughly  dried  mixture  being  then  successively  extracted  in  a 
Soxhlet  apparatus  with  petroleum  (b.  p.  35 — 50°),  ether,  chloroform, 
ethyl  acetate,  and  alcohol. 

Petroleum  Extract  of  the  Resin  (A). 
Isolation  of  Pentatriacontane,  Cj^H^j,  and  Emodin  Monomethyl  Ether. 

The  petroleum  extract,  which  formed  a  brown,  semi-liquid  mass  and 
amounted  to  224  grams,  was  dissolved  in  2  litres  of  warm  ether  and 
the  solution  kept  for  some  days,  when  a  small  quantity  of  an  almost 
colourless  substance  separated.  This  was  collected  and  washed  with  a 
little  ether,  after  which  it  was  di^tilled  under  diminished  pressure. 
The  distillate,  which  rapidly  solidified,  was  crystallised  from  ethyl 
acetate,  when  it  was  obtained  in  small,  colourless,  glistening  leaflets, 
melting  It  75°.  (Found,  C  =  849;  H  =  14-5.  Calc,  0  =  854;  H  =  14-6 
per  cent.) 

This  substance  was  therefore  pentatriacontane. 

The  ethereal  liquid,  from  which  the  pentatriacontane  had  been 
removed  as  above  described,  was  extracted  with  successive  portions  of 
an  aqueous  solution  of   sodium  carbonate,  and    finally  washed   with 
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water.  The  alkaline  liquids  and  washings  were  united,  acidified,  and 
extracted  with  ether,  when  15  grams  of  a  viscid,  oily  liquid  were 
obtained.  On  distilling  this  liquid  under  diminished  pressure,  it 
passed  over  between  245°  and  255°/25  mm.,  and  then  became  almost 
solid.  It  consisted  of  a  mixture  of  fatty  acids,  which  were  examined 
in  connexion  with  a  similar  product  obtained  from  the  non-acidic 
portion  of  the  petroleum  extract  after  its  hydrolysis. 

The  ethereal  liquid,  from  which  the  pentatriacontane  and  free  fatty 
acids  had  been  removed,  as  above  described,  was  subsequently  shaken 
with  a  solution  of  sodium  hydroxide.  The  alkaline  extracts,  which 
had  assumed  a  red  colour,  were  acidified  and  extracted  with  ether,  when 
a  very  small  quantity  of  an  orange-yellow  substance  was  obtained. 
This  when  crystallised  from  ethyl  acetate  formed  orange-red  prisms, 
which  melted  at  about  190°,  and  when  mixed  with  a  little  emodin 
monomethyl  ether,  fusion  occurred  at  the  same  temperature.  The 
quantity  so  obtained  was  too  small  for  analysis,  but  the  substance 
appeared  to  be  emodin  monomethyl  ether  (m.  p.  195°),  since  on  heating 
for  a  short  time  with  concentrated  sulphuric  acid  it  gave  a  substance 
soluble  in  aqueous  sodium  carbonate  and  agreeing  in  its  properties 
with  emodin. 

Isolation  of  a  Phytosterol,  Cg^H^gO. 

The  ethereal  liquid  which  had  been  extracted  with  alkalis,  as  above 
described,  was  evaporated,  when  a  quantity  of  an  oily  product  was 
obtained.  This  was  hydrolysed  by  heating  with  an  alcoholic  solution 
of  potassium  hydroxide,  the  alcohol  removed,  water  added,  and  the 
alkaline  liquid  extracted  with  ether.  The  ethereal  solution  was 
washed,  dried,  and  the  solvent  removed,  when  a  quantity  of  brown 
resinous  material  was  obtained.  This  was  extracted  with  cold  absolute 
alcohol,  in  which  only  a  small  portion  dissolved.  The  alcoholic  solu- 
tion was  concentrated,  and  a  little  water  added,  when,  on  keeping,  a 
substance  separated  in  flat  needles,  which  after  recrystallisation  from 
a  mixture  of  dilute  alcohol  and  ethyl  acetate  formed  glistening, 
flat  needles,  melting  at  136°.  The  amount  of  this  substance  was 
1"5  grams  : 

01 600,  on  heating  at  110°  lost  0-0072  U.f>.     H20  =  4'5. 
01336*  gave  0-4110  COg  and  0-1455  HgO.     0  =  839;  H  =  12-l. 
CjyH^gO.HgO  requires  HgO  =  45  per  cent. 
O27H4QO  requires  0  =  839  ;  H=:  11-9  per  cent. 

This  substance  thus  agrees  in  composition  with  a  phytosterol,  and  it 
yielded  the  colour  reaction  of  that  class  of  compounds.  A  determination 
of  its  rotatory  power  gave  the  following  result  : 

*  Anhydrous  substance. 
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0-2393,  made  up  to  20  c.c.  with  chloroform,  gave  a^  -0°58'  in  a 
2-dcm.  tube,  whence  [ajn  —  40-4°. 

The  acetyl  derivative,  when  crystallised  from  acetic  anhydride, 
separated  in  needles  melting  at  125 — 127^. 

The  brown  resinous  material,  from  which  the  phytosterol  had  been 
removed  by  extraction  with  alcohol,  as  above  described,  was  thoroughly 
examined,  but  nothing  definite  could  be  isolated  from  it.  It  appeared 
to  consist  of  a  mixture  of  hydrocarbons. 

Identification  of  the  Fatty  Acids. 

The  alkaline  aqueous  solution  of  potassium  salts,  from  which  the 
phytosterol  had  been  removed  by  extraction  with  ether,  as  above 
described,  was  acidified  and  again  extracted  with  ether,  the  ethereal 
solution  being  washed,  dried,  and  the  solvent  removed.  A  quantity 
(10  grams)  of  fatty  acids  was  thus  obtained,  which,  when  distilled 
under  diminished  pressure,  passed  over  between  240°  and  260°/25  mm. 
As  these  acids  distilled  within  the  same  range  of  temperature  as  those 
previously  obtained,  which  existed  in  the  drug  in  the  free  state,  for  the 
purpose  of  their  examination  the  two  portions  were  mixed. 

Twenty  grams  of  the  mixed  acids  were  converted  into  their  lead 
salts,  and  the  latter  digested  with  ether,  when  a  portion  dissolved. 
Both  the  soluble  and  insoluble  portions  were  decomposed  by  hydro- 
chloric acid,  and  the  regenerated  fatty  acids  purified  by  distillation 
under  diminished  pressure.  The  soluble  portion  of  the  lead  salts 
yielded  11  grams  of  liquid  acids,  while  the  insoluble  portion  gave 
8  grams  of  solid  acids. 

The  Liquid  Acids. — These  acids,  when  distilled  under  diminished 
pressure,  passed  over  at  about  225°/15  mm.  An  analysis  and  a 
determination  of  the  iodine  value  gave  the  following  results : 

01430  gave  0-4030  CO2  and  01518  H.O.     0  =  768;  H  =  ll-8. 

0-4224  absorbed  0-6783  iodine.     Iodine  value  =  160. 
CjgHj^Oo  requires  C  =  76  6  ;  H  — 121  percent.    Iodine  value  =   901. 
C18H3A        „        0  =  77-1;  H  =  ll-4        „  „         „      =181-4. 

In  order  to  obtain  more  definite  information  respecting  the  nature 
of  the  above  mixture,  a  quantity  of  it  was  oxidised  according  to  the 
method  described  by  Lewkowitsch  {Chemical  Technology  and  Analysis 
of  Oils,  Fats,  and  Waxes,  1904,  Vol.  I.,  p.  360).  This  resulted  in  the 
formation  of  tetrahydroxy stearic  acid  (m.  p.  157 — 160°)  and  a  small 
quantity  of  dihydroxystearic  acid  (m.  p.  125 — 127°).  It  may  thus  be 
concluded  that  the  liquid  acids  consisted  chiefly  of  a  mixture  of  oleic 
and  linolic  acids,  the  latter  in  predominating  amount. 

T/ie  Solid  Acids. — These  acids  melted  at  about  55°,  and  on  analysis 
gave  the  following  result ; 
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0-1383  gave  03842  COg  and  0-1590  HgO.     C  =  75-8  ;  H  =  12-7. 
OigHgjOg  requires  C  =  75  0  ;  H  =  12-5  per  cent. 
C!i,H3g02       „         C  =  76-l;  H=.12-7         „ 
From  this  result  it  would  appear  that  the  solid  acids  consisted  of  a 
mixture  of  palmitic  and  stearic  acids,  the  latter  predominating. 


Ethereal  ExtracCof  the  Resin. 
Isolation  of  Ipuranol,  C23H3802(OH)2. 

This  extract  was  a  brown,  amorphous  mass,  and  amounted  to 
10  grams.  It  was  redissolved  in  about  500  c.c.  of  warm  ether  and 
kept  for  some  days,  when  a  small  quantity  of  an  almost  colourless, 
amorphous  substance  separated.  This  was  collected  and  crystallised 
from  a  mixture  of  pyridine  and  dilute  alcohol,  when  it  formed 
microscopic  needles,  melting  at  290°.  (Found,  0  =  72-3;  11=  10-5. 
Calc,  0  =  72-6  ;  H  =  10-5  per  cent.) 

This  substance  was  thus  identified  as  ipuranol,  and  when  treated 
with  sulphuric  acid  and  acetic  anhydride  it  yielded  the  colour  reaction 
shown  by  this  compound.  From  it  was  also  prepared  diacetylipuranol, 
which  separated  from  acetic  anhydride  in  glistening  leaflets,  melting 
at  162°. 

The  ethereal  solution  from  which  the  ipuranol  had  been  separated, 
as  above  described,  was  examined,  but  nothing  definite  was  isolated 
from  it. 

The  chloroform,  ethyl  acetate,  and  alcohol  extracts  of  the  resin 
amounted  to  35,  36,  and  95  grams  respectively,  and  consisted  entirely 
of  amorphous  products. 

Examination  oftlie  Aqueous  Liquid  (B). 
Isolation  of  Scopoletin. 

This  liquid,  as  already  indicated,  represented  that  portion  of  the 
original  alcoholic  extract  of  the  drug  which  was  soluble  in  cold  water, 
and  from  which  the  previously-described  resin  (A)  had  been  removed. 

It  was  thoroughly  extracted  with  chloroform,  these  extracts  being 
washed,  dried,  and  the  solvent  removed.  A  quantity  (about  5  grams) 
of  a  crystalline  compound  was  thus  obtained,  which,  after  recrystallisa- 
tion  from  alcohol,  formed  long,  almost  colourless  needles,  melting  at 
204°.     Its  alkaline  solution  showed  a  fine  blue  fluorescence. 

0'1430  gave  0-3286  OOg  and  00550  H2O.     0  =  62-6;  H  =  4-2. 
OjoHgO^  requires  0  =  625  ;  H  =  42  per  cent. 
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A  methoxyl  determination  by  means  of  Perkin's  modification  of  the 
Zeisel  method  gave  the  following  result : 

0-2132  gave  02584  Agl.     OMe=  16-0. 

CgH503'OMe  requires  OMe  =  16'1  per  cent. 

The  substance  is  thus  identified  as  scopoletin,  a  methyl  ether  of 
eesculetin. 

Its  acetyl  derivative  separates  from  acetic  anhydride  in  colourless 
leaflets,  melting  at  177° 

Dihromoscopoletin,  Cj^^HgO^Br^. — Five  grams  (six  atoms)  of  bromine 
were  added  to  a  solution  of  scopoletin  (2  grams)  in  about  50  c.c.  of 
chloroform.  Hydrogen  bromide  was  slowly  evolved,  but  the  liquid  did  not 
become  colourless.  After  keeping  some  hours,  a  crystalline  substance 
separated,  which  was  removed  and  recrystallised  from  alcohol,  when  it 
formed  yellow,  glistening  plates,  melting  at  249°  : 

01682  gave  01800  AgBr.    Br  =  45-5. 

C^oHgO^Brj  requires  Br  =  45*7  per  cent. 

This  substance  is  therefore  a  dihromoscopoletin. 

Dihromoscopoletin  is  sparingly  soluble  in  ether,  chloroform,  or 
alcohol,  and  its  solution  in  alkalis  shows  a  very  intense  green  fluores- 
cence. 

The  two  bromine  atoms  in  dihromoscopoletin  appear  to  be  in  the 
benzene  nucleus,  as  this  substance  instantly  decolorises  a  cold  alkaline 
solution  of  potassium  permanganate,  and,  therefore,  still  contains  a 
double  linking.  In  this  respect  it  resembles  the  dibromocoumarin 
described  by  Perkin  (Trar^.,  1870,  23,  371). 

On  heating  dihromoscopoletin  with  acetic  anhydride,  it  is  readily 
acetylated.  The  dcetyl  derivative  forms  colourless  prisms,  melting 
at  224°. 

Isolation  of  Gehemine,  C^qK^^O^I^.^. 

The  aqueous  liquid  from  which  the  scopoletin  had  been  removed,  as 
above  described,  was  extracted  with  successive  portions  of  amyl 
alcohol.  This,  however,  only  removed  small  quantities  of  an  amorphous 
nitrogenous  product,  which  was  non-basic,  and  from  which  nothing 
definite  could  be  isolated.  The  liquid  was  accordingly  rendered 
alkaline  with  sodium  carbonate  and  thoroughly  extracted  with  ether, 
the  combined  ethereal  extracts  being  washed,  dried,  and  the  solvent 
removed.  A  quantity  of  a  pale  yellow  product  was  thus  obtained, 
which  crystallised  very  readily  from  acetone  in  handsome,  glistening 
prisms,  melting  at  175 — 178*.  After  recrystallisation  from  the  same 
solvent,  its  melting  point  was  constant  at  178'.  The  quantity  isolated 
amounted  to  12  grams.  It  gave  all  the  usual  reactions  characteristic 
of  alkaloids  : 
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M448,  when  heated  at  120°,  lost  0-1774  acetone.     CgHgO^  15-5. 

0-1594*  gave  0-4353  COg  and  0-0980  HgO.     C  =  74-5  ;  H  =  6-8. 

.  0-3458*      „    27-5  c.c.  Nj  at  27°  and  754  mm.     N  =  8-7. 
C20H22O2N2  requires  C  =  74*5  ;  H  =  6-8  ;  N  =  8*7  per  cent. 
CgoHgaOgNjjCgHgO  requires  C3HgO  =  15-3  per  cent. 

This  substance,  therefore,  corresponds  with  the  crystalline  alkaloid, 
gelsemine,  which  has  previously  been  isolated  from  gelsemium,  and  for 
which,  as  already  mentioned,  several  empirical  formulae  have  been 
suggested.  The  fact  that  gelsemine  crystallises  from  acetone  with  one 
molecule  of  this  solvent  (see  above)  was  confirmed  by  mixing  1  gram 
of  the  air-dried  preparation  with  20  c.c.  of  water  and  distilling  the 
liquid.  On  adding  j^-bromophenylhydrazine  to  the  distillate,  a  crystal- 
line precipitate  was  formed,  melting  at  93°,  which  corresponded  in  all 
respects  with  acetone-jo-bromophenylhydrazone. 

The  molecular  weight  of  gelsemine  was  determined  by  the  cryoscopic 
method  in  acetic  acid  solution  : 

0-5250*,  in  24-90  acetic  acid,  gave  A«=  -  0-270°.     M.W.  =  305. 
C20H22O2N2  requires  M.W.  =  322. 

In  benzene  solution  association  occurs,  and  numbers  corresponding 
with  twice  this  molecular  weight  are  obtained  : 

0-6340*  in  20-70  benzene,  gave  M=  - 0-248°.     M.W.  =  605. 
(C2oH2202N2)2  requires  M.W.  =  644. 

In  order  to  ascertain  whether  gelsemine  is  homogeneous,  a  quantity 
was  converted  into  its  hydrochloride,  and  this  salt  recrystal- 
lised,  first  from  dilute  alcohol  and  then  from  water.  The  base  was 
then  regenerated,  and,  after  crystallisation  from  acetone,  again 
analysed  : 

01414*  gave  0-3866  CO3  and  00880  HgO.     C  =  74-5;  H  =  6-9. 
C20H22O2N2  requires  C  =  74-5  ;  H  =  6-8  per  cent. 

For  further  confirmation  of  the  purity  of  the  material,  the  base  was' 
converted  into  its  nitrate.  This  salt,  which  forms  glistening  prisms, 
melting  above  280°,  was  recrystallised  from  water,  and  the  base' 
regenerated  from  it.  The  product  so  obtained,  after  crystallisation 
from  acetone,  gave  the  following  results  on  analysis  : 

0-1462*  gave  0-3980  COg  and  0-0906  H2O.     0  =  74-2;  H  =  6-8. 
C20H22O2N2  requires  0  =  74-5  ;  H  =  6-8  per  cent. 

The  formula  of  the  base  deduced  from  these  analyses  is  in  harmony 
■with  the  result  obtained  from  the  analysis  of  the  hydrochloride. 

Gelsemine  forms  a  monohydrochloride  crystallising  in  small 
prisms,  melting  indefinitely  at  about  300°  : 

0-5614  gave  0-2310  AgOl.     01=  10-1. 

CjQHgjOjNj.HOI  requires  01  —  9-9  per  cent. 
*  Constant  at  120°. 
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A  determination  of  its  specific  rotatory  power  gave  the  following 
result : 

0*3100,  made  up  to  20  c.c.  with  wat^r,  gave  [ajo  +0°5'  in  a  2-dcm 
tube,  whence  [ajn  +2-6°. 

The  close  agreement  of  these  results  shows  conclusively  that  the 
empirical  formula  of  gelsemine  is  C2oH2o02N'2. 

A  determination  of  its  specific  rotatory  power  gave  the  following 
result : 

0*4066*,  made  up  to  20  c.c.  with  chloroform,  gave  [ajo  +0°39'  in  a 
2-dcm.  tube,  whence  [ajo  +  159°. 

Examination  of  the  Amorphous  Alkaloidal  Products. 

The  alkaline,  aqueous  liquid  from  which  the  gelsemine  had  been 
removed  by  extraction  with  ether,  as  above  described,  was  repeatedly 
extracted  by  means  of  amyl  alcohol,  when  a  relatively  small  quantity 
of  an  amorphous,  basic  product  was  obtained.  This  appeared  to 
consist  of  a  mixture,  and  two  alkaloidal  products  were  found  to  be 
present,  one  of  which  was  much  more  strongly  basic  than  the  other. 
It  was  dissolved  in  chloroform,  and  extracted  several  times  with 
1  per  cent,  aqueous  hydrochloric  acid,  which  removed  the  more  strongly 
basic  product.  The  material  obtained  on  rendering  the  acid  extracts 
alkaline  was  isolated  by  means  of  chloroform,  when  it  formed  an 
amorphous,  brown-coloured  product.  Neither  the  free  base  nor  any  of 
its  salts  could  be  obtained  in  a  crystalline  condition.  This  more 
strongly  basic  product  appears  to  correspond  with  the  amorphous 
alkaloid  to  which  the  name  "  gelseminine  "  has  been  given. 

The  chloroform  solution  from  which  the  "  gelseminine  "  had  been 
removed  by  means  of  1  per  cent,  acid,  as  above  described,  was  shaken 
many  times  with  10  per  cent,  aqueous  sulphuric  acid,  which  slowly 
removed  a  small  quantity  of  a  very  weakly  basic  substance.  As  in 
the  case  of  "  gelseminine,"  neither  the  free  base  nor  its  salts  could  be 
obtained  in  a  crystalline  condition.  This  substance  responds  to  the 
usual  alkaloid  reagents,  but  appears  to  be  stable  only  in  the  form  of  its 
salts,  as  on  keeping  a  chloroform  solution  of  the  base  for  some  time 
the  product  becomes  insoluble  in  acids. 

The  alkaline  aqueous  liquid  from  which  the  alkaloidal  products  had 
been  removed,  as  above  described,  was  neutralised  by  means  of  acetic 
acid  and  treated  with  a  solution  of  basic  lead  acetate.  This  produced 
a  voluminous  yellow  precipitate,  which  was  collected,  washed,  and 
then  suspended  in  water  and  decomposed  by  hydrogen  sulphide.  On 
liltering  the  mixture,  a  liquid  was  obtained  which  gave  a  bluish-black 

•  Constant  at  120% 
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coloration  with  ferric  chloride,  and   evidently  contained  a  quantity 
of  tannin,  but  no  definite  products  could  be  isolated  from  it. 

The  filtrate  from  the  basic  lead  acetate  precipitate  was  treated  with 
hydrogen  sulphide  for  the  removal  of  the  excess  of  lead,  and  the 
filtered  liquid  concentrated  under  diminished  pressure  to  a  volume  of 
about  2  litres.  The  concentrated  liquid  contained  a  considerable 
quantity  of  a  sngar,  as  it  readily  reduced  Fehling's  solution,  and 
yielded  c^phenyIglucosazone,  melting  at  208 — ^210°. 

One-fifth  of  the  total  liquid  was  diluted  with  water  to  1  litre,  about 
50  grams  of  concentrated  sulphuric  acid,  diluted  with  an  equal  weight 
of  water,  added,  and  the  liquid  repeatedly  extracted  with  chloroform 
with  the  object  of  isolating  any  organic  acids  present.  As  this 
operation  removed  only  a  small  quantity  of  acetic  acid,  the  acid 
aqueous  liquid  was  boiled  for  an  hour  and  again  extracted  with  chloro- 
form, when  nearly  a  gram  of  scopoletin  was  obtained.  It  thus  appears 
probable  that  a  glucoside  of  scopoletin  was  present  in  the  original 
aqueous  liquid,  but  all  attempts  to  isolate  this  substance  were 
unsuccessful. 

Physiological  Tests. 

The  following  physiological  tests  were  conducted  in  the  Wellcome 
Physiological  Research  Laboratories  by  Dr.  H.  H.  Dale,  to  whom  the 
author  now  wishes  to  express  his  thanks  : 

A  quantity  (0"1  gram)  of  gelsemine  hydrochloride,  when  injected 
intravenously  into  a  rabbit,  caused  practically  no  effect,  a  result 
which  is  in  agreement  with  an  observation  by  Cushny. 

One  milligram  of  the  hydrochlorides  of  both  the  amorphous  bases, 
when  injected  intravenously  into  rabbits,  caused  death  from  respiratory 
failure  in  about  twenty-five  minutes,  preceded  by  convulsions. 

Summary, 

The  results  of  this  investigation  may  be  summarised  as  follows  : 
The  material  employed  consisted  of  the  dried  rhizome  and  roots  of 
Gelsemium  sempervirens,  Alton. 

An  alcoholic  extract  of  the  drug,  when  distilled  with  steam,  yielded 
a  small  amount  of  an  essential  oil.  The  non-volatile  constituents,  as 
obtained  after  treating  the  alcoholic  extract  with  steam,  consisted  of  a 
brown  resin  insoluble  in  water,  and  material  which  remained  dissolved 
in  the  cold  aqueous  liquid.  The  resin,  amounting  to  about  3 "8 
per  cent,  of  the  weight  of  the  drug,  yielded  pentatriacontane  j  traces  of 
emodin  monomethyl  ether;  a  phytosterol,  C27H4gO  (m.  p.  136°; 
[a\o  -40-4°);  a  small  amount  of  ipuranol,  C.2^IlggO.^{OH.)2;  and  a 
mixture  of  fatty  acids,  consisting  of  palmitic,  stearic,  oleic,  and  linolic 
acids.     The  portion  of  the  alcoholic  extract  of  the  drug  which  was 
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soluble  in  water,  and  from  which  the  above-described  resin  had  been 
removed,  contained  scopoletin  (a  monomethyl  ether  of  aesculetin),  which 
was  present  in  the  free  state,  and  also  in  the  form  of  a  glucoside, 
together  with  a  quantity  of  sugar.  It  yielded,  furthermore,  three 
alkaloidal  products,  one  of  which,  gelsemine,  has  been  obtained  in 
a  pure  crystalline  state,  melting  considerably  higher  than  has  hitherto 
been  recorded  (178°,  instead  of  160°),  and  which  has  been  conclusively 
shown  to  possess  the  formula  C20H22O2N2.  The  other  alkaloidal 
products,  one  of  which  corresponds  with  the  so-called  "  gelseminine  "  of 
Thompson  (loc.  cit.)  and  Cushny  (loc.  cit.),  were  amorphous,  and 
no  crystalline  derivative  could  be  obtained  from  them. 

Thb  Wellcoms  Chemical  Beseabch  Laboratobies, 
LoKDoy. 


CCXXXIII. — The  Distillation  of  Mixtures  of  Enantio- 
raorphously  Related  Substances. 

By  William  Charles  Evans. 

Although  most  of  the  possible  types  of  behaviour  which  can  arise 
during  the  distillation  of  mixtures  have  been  experimentally  studied, 
one  of  the  simplest  appears  hitherto  to  have  escaped  investigation. 
This  type  is  the  one  in  which  the  two  components  of  the  liquid 
mixture  have  the  same  boiling  point  under  all  the  pressures  dealt 
with,  and  in  which  the  boiling  points  of  mixtures  of  all  com- 
positions are  identical  with  those  of  the  components  under  the 
same  pressure.  Under  these  conditions  it  would  be  expected 
that  all  mixtures  of  the  two  components  should  behave  on  dis- 
tillation like  a  single  substance;  the  composition  of  the  vapour 
should  be  the  same  as  that  of  the  liquid  even  when  the  pressure 
is  varied,  and  no  separation  by  fractional  distillation  should  be 
possible. 

Probably  the  only  instances  in  which  conditions  of  this  highly 
specialised  character  can  be  experimentally  realised  are  to  be  found 
amongst  mixtures  of  enantiomorphously  related  substances,  and  in 
the  study  of  such  cases  the  delicate  nature  of  the  method  available 
for  determining  the  composition  of  the  mixtures  greatly  facilitates 
the  practical  examination.  It  is,  of  course,  well  known  that  no 
separation  of  the  optically  active  components  of  an  externally  com- 
pensated substance  can  be  effected  by  fractional  distillation ;  but  it 
has  not  previously  been  shown   and   is   not  immediately  evident 
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that  mixtures  of  two  enantiomorphously  related  isoraerides  in  any 
casual  proportion  would  resist  separation  by  fractional  distillation. 
The  following  observations  of  the  behaviour  of  optically  active 
mixtures  of  d-  and  Z-camphor  and  also  of  d-  and  Z-tetrahydro- 
quinaldine  were  made  at  the  suggestion  of  Professor  Pope  for  the 
purpose  of  obtaining  the  lacking  experimental  data. 

A.  Distillation  of  Mixtures  of  d-  and  l-Camphor. 

The  mixtures  were  prepared  from  natural  t^camphor  and  arti- 
ficially prepared  externally  compensated  camphor  in  suitable 
proportions.  In  the  following  series  of  experiments,  the  camphor 
was  distilled  from  a  retort  heated  by  a  naked  flame,  care  being 
taken  to  prevent  the  distillate  from  solidifying  in  the  neck  of  the 
retort ;  the  distillate  was  collected  in  a  number  of  fractions,  and  the 
specific  rotatory  power  of  each  determined  in  benzene  solution. 

(1)  6?-Camphor  alone  was  distilled,  and  the  specific  rotatory 
powers  of  the  first  and  last  fractions  of  the  distillate,  in  10  per  cent, 
solutions,  found  to  be  [a]jj  +40"85°  and  +40'95°  respectively;  these 
values  are  identical  within  the  limits  of  experimental  error. 

(2)  On  distilling  externally  compensated  camphor  in  the  same 
manner,  the  first  and  last  fractions  were  found  to  be  optically 
inactive. 

(3)  A  mixture  consisting  approximately  of  one  part  of  ^camphor 
and  two  parts  of  c?-camphor  was  separated  into  five  fractions  by 
distillation  as  above  described  under  atmospheric  pressure;  the 
specific  rotatory  powers  of  the  five  fractions  in  8  per  cent,  benzene 
solution  were  [ajj, +27-15°,  +27-02°,  +27-37°,  +26-66°,  and 
+  26-14°  respectively.  A  similar  distillation  was  performed  with 
another  mixture,  and  yielded  five  fractions  with  the  specific  rotatory 
powers  [a]jj  +  21-40°,  +20*09°,  +19-75°,  +20-21°,  and  +20-05° 
respectively.  It  will  be  noted  that  the  rotatory  powers  of  the  five 
fractions  composing  either  series  are  not  identical  within  the  limits 
of  experimental  error,  so  that  some  slight  degree  of  separation  is 
indicated.  In  these  determinations,  however,  no  special  precautions 
were  taken  to  ensure  thorough  admixture  of  the  two  components 
before  distillation;  it  therefore  seemed  possible  that,  owing  to  the 
readiness  with  which  camphor  sublimes,  the  two  components,  present 
in  the  solid  state  in  different  quantities,  might  have  sublimed  at 
different  rates  determined  by  the  surface  exposed  and  the  tem- 
perature attained  by  the  solid. 

(4)  The  contingency  just  indicated  was  obviated  by  melting 
together  the  mixtures  of  d-  and  ^camphor  before  introducing  them 
into  the  retort;  after  taking  this  precaution,  one  mixture,  similar 
to  those  examined  in  (3),  gave  five  fractions,  of  which  the  specific 
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rotatory  powers  in  8  per  cent,  solutions  were  [a]u  +  20*24°,  +  20*56°, 
+  20*55°,  +20*60°,  and  +20*56°  respectively.  These  five  values  are 
identical  within  the  limits  of  experimental  error,  and  it  is  thus 
indicated  that  intimate  mixtures  of  d-  and  Z-camphor  cannot  be 
altered  in  composition  by  distillation  under  atmospheric  pressure. 

B.  Distillation  of  Mixtures  of  d-  and  l-Camphor  in  Steam. 

(5)  A  mixture  prepared  from  c?-camphor  and  externally  com- 
pensated camphor,  and  consisting  of  about  two  parts  of  c?-camphor 
and  one  of  Z-camphor,  was  distilled  in  a  current  of  steam,  three 
fractions  being  collected ;  these,  and  the  residue  left  in  the  distilling 
flask,  were  collected  and  dried  in  the  air.  The  three  fractions  and 
the  residue  gave  the  specific  rotatory  powers,  in  4  per  cent,  benzene 
solution,  of  [o]d  +16*44°,  +15*24°,  +14*55°,  and  +27*90°  respec- 
tively; repetition  of  the  operation  with  another  similar  mixture 
yielded  four  fractions  and  a  residue,  which  gave  the  specific  rotatory 
powers  of  [a]^  +15*95°,  +14*28°,  +14*15°,  +14*49°,  and  +27*15° 
respectively.  No  precautions  were  taken  to  ensure  intimate  admix- 
ture of  the  d-  and  c?/-camphor  previous  to  the  steam  distillation,  and 
the  variations  in  the  specific  rotatory  power  of  the  distillate  and 
the  large  difference  between  these  values  and  those  referring  to  the 
residues  left  in  the  distilling  flask  might,  it  was  anticipated,  be 
due  to  differences  in  the  rate  of  sublimation  in  steam  of  the  solid 
active  and  externally  compensated  substances. 

(6)  That  the  cause  just  suggested  of  the  variable  rotatory  powers 
of  the  distillate  and  residue  is  the  true  one  was  demonstrated  by  the 
following  trials.  A  mixture  of  approximately  one  part  of  c?-camphor 
and  two  parts  of  externally  compensated  camphor  was  melted  and 
allowed  to  solidify,  then  roughly  ground,  and  subjected  to  steam 
distillation  as  described  under  (5).  The  three  fractions  of  camphor 
which  distilled  and  the  residue  which  remained  in  the  still,  examined 
in  5  per  cent,  benzene  solution,  gave  the  specific  rotatory  powers 
[o]i,  +21*54°,  +21*26°,  +21*62°,  and  +21*55°  respectively. 

The  close  approximation  to  constancy  of  these  numbers  shows  that 
mixtures  of  d-  and  ^camphor,  if  care  is  take  to  ensure  intimate 
admixture,  behave  like  a  single  substance  on  distillation  in  a 
current  of  steam. 

C.  Distillation  of  Mixtures  of  d-  and  VTetrahydroquiruddine. 

As  indicated  in  the  previous  pages,  the  investigation  of  the 
problem  under  consideration  with  the  aid  of  mixtures  of  d-  and 
^camphor  is  complicated  by  the  fact  that  these  substances  are  solid 
at  the  ordinary  temperatures,  and  that  their  melting  and  boiling 
points  do  not  differ  greatly.     Further  information   was  therefore 
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sought    from    the    study    of    mixtures    of    d-  and    ?-tetrahydro- 
quinaldine. 

Externally  compensated  tetrahydroquinaldine  was  treated  with 
rf-a-bromocamphor-TT-sulphonic  acid,  and  the  Isevo-component  of  the 
base  in  large  measure  separated  by  Pope  and  Peachey's  method 
(Trans.,  1899,  75,  1068) ;  the  mixture  of  the  d-has&  with  a  small 
proportion  of  the  Z-isomeride  remaining  after  the  separation  of  the 
Z-tetrahydroquinaldine  ^-a-bromocamphorsulphonate  was  isolated  by 
distilling  the  mother  liquors  in  a  current  of  steam  after  addition 
of  lime.  Such  mixtures  were  used  in  the  following  series  of 
experiments. 

(7)  Two  specimens  of  the  mixed  d-  and  Z-tetrahydroquinaldine, 
containing  (a)  about  75  per  cent,  of  d-  and  25  per  cent,  of  Z-tetrar 
hydroquinaldine,  and  (6)  about  56  per  cent,  of  d-  and  44  per  cent, 
of  Z-tetrahydroquinaldine,  were  distilled  from  Wurtz  flasks  under 
a  pressure  of  300  mm.  of  mercury.  The  rotatory  powers,  Ojj,  of 
the  several  fractions  collected  were  determined  in  100  mm.  tubes 
at  16°: 

(«■)  (6.) 

Fractions.  a^.  Od. 

1  +28-39°  +6-85'' 

2  28-47  6-87 

3  28-48  6-87 

4  28-46  6-89 

5  28-41  6-87 

6  28-44  6-88 

7  28-43  6-87 

8  28-47 

9  28-49 

(8)  Two  specimens  of  the  mixed  bases  containing  (c)  about  65  per 
cent,  of  d-  and  35  per  cent,  of  Z-tetrahydroquinaldine,  and  (d)  and 
(e)  about  78  per  cent,  of  d-  and  22  per  cent,  of  Z-tetrahydroquinaldine, 
were  distilled  from  a  Wurtz  flask  over  a  naked  flame,  (c)  under 
pressures  increased  gradually  from  55  to  415  mm.  of  mercury,  (d) 
under  atmospheric  pressure,  and  (e)  under  pressures  which  were 
caused  to  rise  and  fall  during  distillation  between  140  and  600  mm. 
of  mercury.  The  rotatory  powers  observed  in  100  mm.  tubes  of 
the  various  fractions  collected  are  stated  in  the  appended  table : 


(«.) 

(d.) 

{«.) 

xstions. 

Od. 

ao. 

an. 

1 

-Hl-34° 

-f-33-42° 

-f- 83-40" 

2 

11-39 

33-43 

33-38 

3 

11-40 

33-46 

33-39 

4 

11-38 

33-45 

33-45 

5 

11-40 

33-42 

33  39 

6 

11-88 

33-46 

83-46 

7 

11-39 

8 

11-86 

9 

11-39 

10 

11-39 
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From  the  above  results,  it  is  to  be  concluded  that  on  distilling 

mixtures  of  enantiomorphously  related  compounds  under  varying 
conditions  of  pressure,  no  difference  in  composition  is  to  be  observed 
between  the  various  fractions  of  the  distillate  by  determination  of 
the  rotatory  powers,  and  that  therefore  no  separation  of  such 
mixtures  into  their  optically  active  components  is  possible  by 
distillation.  The  fa-ct  that  no  change  in  rotatory  power  can  be 
detected  in  partly  compensated  mixtures  of  either  d-  and  Z-camphor 
or  d-  and  ^tetrahydroquinaldine  on  fractional  distillation  may 
doubtless  be  regarded  as  a  demonstration  that  under  the  conditions 
'  prevailing  during  distillation  no  combination  of  a  racemic  character 
exists  between  the  enantiomorphously  related  isomerides. 

The  above  are  the  first  recorded  instances  of  the  theoretically 
simplest  case  arising  in  the  distillation  of  mixtures,  but  no  doubt 
such  instances  could  be  easily  multiplied  amongst  other  mixtures  of 
enantiomorphously  related  compounds. 

The  Chemical  Laboratory, 

University  of  Cambridge. 


CCXXXIV.— TAe    Tertiary    Acidic   and   Alkyl   Deriv- 
atives of  d-Camphorimide. 

By  William  Charles  Evans. 

Although  it  is  generally  recognised  that  phthalic  acid  and  cam- 
phoric acid  exhibit  striking  analogies  in  chemical  behaviour,  the 
similarities  existing  between  the  two  acids  have  not  previously  been 
traced  in  the  reactions  of  their  imides.  At  the  suggestion  of 
Professor  W.  J.  Pope,  I  have  therefore  endeavoured  to  ascertain 
to  what  extent  the  reactions  by  means  of  which  the  imidogen 
hydrogen  atom  in  phthalimide  can  be  replaced  by  halogen  atoms 
and  by  alkyl  groups  are  capable  of  effecting  similar  substitutions  in 
e?-camphorimide ;  that  a  very  deep-rooted  analogy  in  chemical 
behaviour  exists  between  the  two  acid  imides  will  be  evident  from 
the  description  of  the  modes  of  preparation  of  the  compounds 
described  below. 

Preparation  of  d-Camphorimide. 

A  comparison  of  the  various  methods  which  have  been  described 
for  the  preparation  of  rf-camphorimide  showed  that  a  method 
identical  in  principle  with  that  given  by  Bredt  (Annalen,  1903, 
828,  344)  is  the  most  convenient  for  use  in  the  preparation  of  this 
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substance.  c^-Camphoric  acid  is  gently  boiled  in  a  retort  provided 
with  a  long  and  wide-necked  retort  heated  in  a  metal-bath ;  at  the 
same  time  a  brisk  current  of  dry  ammonia  gas  is  passed  through 
the  boiling  acid  from  a  steel  storage  cylinder.  After  the  evolution 
of  water  vapour  has  completely  ceased,  the  material  is  distilled, 
and,  in  order  to  ensure  that  no  camphoric  anhydride  has  escaped 
conversion,  the  distillate  is  once  more  distilled  in  a  current  of 
ammonia  gas.  The  c?-camphorimide  thus  obtained  is  practically 
pure,  and,  after  crystallisation  from  dilute  alcohol,  melts  at  243°. 

d-Camphorhromoimide,  CgHj^^pQ^NBr. 

To  a  cold  solution  of  12 '3  grams  of  df-camphorimide  and  2*7  grams 
of  sodium  hydroxide  in  125  c.c.  of  water  is  gradually  added  a  well- 
cooled  solution  of  11  grams  of  bromine  in  250  c.c.  of  water;  a 
white,  crystalline  substance  immediately  separates,  which,  after 
collection  and  crystallisation  from  benzene,  is  obtained  in  minute, 
white  crystals,  melting  at  154°.  The  compound  thus  obtained 
dissolves  readily  in  chloroform,  acetone,  ether,  or  ethyl  acetate,  and 
is  less  soluble  in  alcohol  or  benzene.  It  is  decomposed  by  hydriodic 
acid  in  accordance  with  the  equation : 

CioHiAINBr  +  2HI  =  CioHj^OglNH  +  HBr  +  Ig, 
and,  in  accordance  with  this  reaction,  its  analysis  was  effected  by 
dissolving  a  weighed  quantity   in   chloroform,   to    which    a    little 
potassium  iodide  and  acetic  acid  had  been  added,  and  titrating  the 
liberated  iodine  with  thiosulphate  solution : 

0-1856      required      154     c.c.     thiosulphate      (1      c.c.  =  0-02269 
Na2S203,5H20).     Br  =  3036. 

0-1822  gave  0-3086  COg  and  0-0930  H2O.     C  =  40-20;  H  =  5-67. 

CioHiANBr  requires  Br  =  30' 77;  0  =  4016;  H  =  5-39  per  cent. 

The  following  determinations  of  rotatory  power  were  made  in 
2-2-dcm.  tubes  at  18° : 

Solvent.  Weight  in  25  c.c.  an.  [ajv 

Benzene 0-4853  gram  +0-.')r  +12-0° 

,,       0-.5960  ,,  0-587  11-2 

0-7707  .,  0-81  12-0 

Chloroform    0-4161  ,,  0512  13-6 

0-6843  „  0-785  130 

0-7160  „  1-29  12-8 

The  substance  is  not  completely  stable  in  moist  air,  and  to  this 
must  be  attributed  the  slight  variations  in  specific  rotatory  power 
obvious  above. 
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d-Gamphoriodoimide,  CgHi^<Q^/0>NI. 

f^-Camphorimide  (5  grams,  1  mol.)  and  sodium  hydroxide  (1'3 
grams,  1  mol.)  are  dissolved  in  water  (350  c.c),  and  the  resulting 
solution  added  slowly  and  with  vigorous  stirring  to  a  well-cooled 
solution  of  iodine  (3 "5  grams,  1  mol.),  sodium  bromide  (5  grams), 
and  bromine  (2"3  grams,  1  mol.)  in  water  (50  c.c).  A  greyish-black 
solid  immediately  separates,  which,  on  stirring,  becomes  brown; 
after  collection,  washing,  and  drying  in  a  vacuum,  the  substance 
is  crystallised  from  hot  benzene,  from  which  it  separates  in  minute, 
light  yellow  crystals,  melting  and  decomposing  at  207°.  The  iodo- 
derivative  thus  obtained  is  readily  soluble  in  acetone,  chloroform, 
or  ether,  but  less  soluble  in  alcohol  or  benzene.  It  reacts  with 
hydriodic  acid  in  accordance  with  the  following  equation : 

CioHj40,:NI  +  hi  =  CioHi.OglNH  -f-  Ig, 
and,  in  accordance  therewith,  the  iodine  was  determined  by  dis- 
solving a  weighed  quantity  in  chloroform,  adding  potassium  iodide 
and  acetic  acid,  and  titrating  with  thiosulphate : 

0-2458     required     17-25      c.c.     thiosulphate     (1      c.c.  =0-02269 
Na^S203,5H20.     1  =  40-76. 

01632  gave  02330  COg  and  00717  H^O.     0  =  38-94;  H  =  4-88. 
C10H14O2NI  requires  1  =  41-37;  0  =  3909;  H  =  4-56  per  cent. 

The  following  determinations  of  rotatory  power  were  made : 

Solvent.                 Weight  in  25  c.c.  aj,.  [a]o. 

Chloroform    0-3852  gram  +0514' in  2  ^-dcm.  tube.  +15-2° 

0-5130     ,,  0-690  „  2-2  „  15-3 

0-6448     ,,  0-406  „  1  ,,  15-7 

0-7468     „  0  470  ,,  1  ,,  15-7 

Benzene  .  0-4055     ,,  0260  ,,  1  ,,  160 

„     0-4383     ,,  0-280  „  1  „  16-0 

The  solutions  in  chloroform  rapidly  undergo  decomposition  and 
become  deep  violet  in  colour. 

d-Camphormethylimide,  C8Hj^<C[pX]>NMe. 

The  method  of  preparation  of  this  substance  described  by 
HoogewerflF  and  van  Dorp  (^Rec.  trav.  chim.,  1893,  12,  13)  may  be 
conveniently  replaced  by  the  following  simpler  one.  Camphorimide 
(5  grams)  is  dissolved  in  a  mixture  of  l*125iV-potassium  hydroxide 
(27 -2  c.c,  1  mol.)  and  methyl  iodide  (4  grams);  potassium  iodide 
commences  to  separate  in  the  cold,  and  the  reaction  is  completed  by 
heating  for  two  hours  on  the  water-bath.  After  separation  of  the 
potassium  iodide  and  evaporation  of  the  alcohol,  the  residue  is 
dissolved  in  benzene;  the  benzene  solution,  an  evaporation,  yields 
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a  crystalline  residue  of  <:?-caniphormethyliinide,  whicli,  when  crys- 
tallised from  "aqueous  alcohol,  melts  at  46°.  Hoogewerff  and  van 
Dorp  give  the  melting  point  as  40 — 42°.  The  substance  is  very 
soluble  in  most  organic  solvents.  This  compound  may  be  also 
conveniently  isolated  from  the  mixture  obtained  by  heating 
<?-camphorimide,  potassium  hydroxide,  and  methyl  iodide,  by  treat- 
ment with  dilute  sodium  hydroxide  solution  in  order  to  remove 
unchanged  camphorimide,  and  crystallising  the  residue  from  dilute 
alcohol.  The  following  determinations  of  rotatory  power  were  made : 

Solvent. 
Alcohol     


Acetone 


Weight  in 

25  c.c. 

«i> 

in  2-dcm.  tube. 

[a].- 

0-6088 

gram 

-t-0-54  ° 

-fii-r 

0-7843 

0-69 

11-0 

0-8887 

0-81 

11-4 

1-0607 

0-96 

11-3 

0-7070 

0-45 

8-0 

1-0365 

0-665 

8-0 

d-Camphorethylimide,  CgHj4<^p^/*N  Et. 

c?-Camphorimide  (5  grams),  l-125iV-potassium  hydroxide  (27-2 
c.c),  and  ethyl  iodide  (4-4  grams)  were  heated  together  on  the 
water-bath  for  two  hours ;  after  filtration,  the  alcohol  was  evaporated 
ofif,  and  the  residual  sweet-smelling  oil  washed  with  dilute  sodium 
hydroxide.  The  required  ethyl  derivative  remained  as  an  almost 
colourless  solid,  which  crystallised  from  dilute  alcohol  in  long,  white 
needles,  melting  at  51 — 52°;  the  following  determinations  of 
rotatory  power  were  made : 


Solvent. 
Alcohol.... 


Acetone 


Weight  in  25  c.c. 

0-.O216  gram 
0-5370  ,, 
0-7588  ,, 
0-9757  ,, 
0-5886  „ 
0-7348  „ 
1-1890      „ 


in  2-dcm.  tube. 
-f0-52° 
0-54 
0-76 
0-955 
0-395 
0-52 
0-81 


+  12 
12 
12 
12 


Both  the  methyl  and  ethyl  derivatives  of  c^-camphorimide  are 
practically  inactive  in  benzene  solutions. 


d-Canpphorb  enzylimide. 

This  substance  was  obtained  by  HoogewerfiE  and  van  Dorp  (loc. 
cit.)  by  heating  benzylammonium  camphorbenzylamate ;  it  is  more 
readily  obtained  by  heating  c?-camphorimide  (5  grams)  with  1-125A'^- 
alcoholic  potash  (27'2  c.c.)  and  benzyl  chloride  (3-5  grams)  on  the 
water-bath  for  two  hours,  evaporating  off  the  alcohol,  and  adding 
dilute  sodium  hydroxide.  An  almost  quantitative  yield  of  the 
solid  product  i«  obtained,  which,  after  crystallisation  from  dilute 
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alcohol,  melts  at  60 — 62°.     The  following  determinations  of  rotatory 
power  were  made : 

Solvent.  "Weight  in  25  c.c.  Od  in  2-dcm.  tube.  [o]i„ 

Alcohol 0-4539  gram  H-O-iC  +127' 

„      0-5776      „  0-56  121 

0-8032      ,,  0-78  12-1 

Acetone    07067       ,-.  0'67  11-9 

0-7388       .,  0-71  12-0 

0-8361       „  0-815  12-2 

0-9848       „  0-94  11-9 

Benzene  05476      ,,  0-23  5*2 

0-9557       ,,  0-37  4-8 

As  in  the  previous  cases  the  specific  rotatory  power  is  much 
smaller  in  benzene  than  in  alcohol  or  acetone  solutions, 

di-Gam'phor-Tp-nitrohenzylimide,  CgHj^-'^p/O^N-CHj'CgH^'NOg. 

Camphorimide  (5  grams)  dissolved  in  ri25iV-alcoholic  potash 
(22'5  c.c.)  was  heated  with  p-nitrobenzyl  chloride  (4-75  grams)  for  a 
short  time  on  the  water-bath;  aft«r  separating  the  alcohol  and 
treating  with  dilute  sodium  hydroxide,  the  required  derivative  was 
obtained  as  a  yellow  solid,  which,  after  crystallisation  from  alcohol, 
formed  yellow  needles,  melting  at  133°: 

01985  gave  0-4709  COg  and  01142  HgO.     0  =  64-69;  H  =  6-39. 

C1JH20O4N2  requires  C  =  64-54;  H  =  6-33  per  cent. 
The  following  determinations  of  rotatory  power  were  made : 
Solvent.  Weight  in  25  c.c.      ai,  in  2-dcm.  tubes.  [a],>. 

Acetone    0-5071  gram  -l-0-48°  -|-ll-8° 

0-6795       „  0-67  12-3 

0-7848       „  0-775  12-3 

Benzene   0-5630      ,,  0-115  2-6 

, 0-9928       ,,  0-225  28 

The  rotatory  power  has  again  a  smaller  value  in  benzene  than  in 
acetone  solutions. 

d-Camphorsodioimide,  CgHj^^cCiJC^NNa, 

This  substance  separates  as  a  white,  flocculent  mass  on  warming 
a  solution  of  sodium  (063  gram)  in  alcohol  (2  c.c.)  and  benzene 
(5  c.c),  with  addition  of  ^^-camphorimide  (5  grams)  dissolved  in 
benzene  (20  c.c.) ;  after  collection  and  drying  in  a  vacuum,  the 
substance  was  analysed : 

0-6025  gave  01 990  Na^SO^.     Na  =  10-70. 

CjoHj^OgNNa  requires  Na=ir33  per   cent. 

The  compound  is  readily  soluble  in  water  or  alcohol,  and  is  at 
once  decomposed  by  acids. 

Univeesity  Chemical  Laboratory, 
Cahbridoe. 
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CCXXXV. — Azomethineazo-dyes. 

By  Arthur  George  Green  and  Rajendra  Nath  Sen. 

The  azomethine  group  'CHIN'  lies  -between  the  azo-group  'NIN*  and 
the  stilbene  group  •CH!CH*,  and  in  chromophoric  power  it  also 
occupies  an  intermediate  position.  The  objects  of  the  present  research 
were  twofold,  namely,  first,  to  investigate  the  effect  on  the  colour  and 
dyeing  properties  of  a  compound  containing  both  the  azomethine  and 
azo-groups,  for  example,  whether  such  compounds  would  present 
similarities  to  the  azostilbene  dyes ;  and  secondly,  to  ascertain  how  far 
the  presence  of  auxochromic  groups  is  necessary  for  the  manifestation 
of  dyeing  properties  in  such  compounds.  In  reference  to  the  latter 
point  it  may  be  noted  that  it  has  been  shown  by  Green  and  Crosland 
(Trans.,  1906,  89,  1602)  that  the  dyes  of  the  stilbene  class  are  all 
azostilbene  compounds  containing  no  auxochromic  group.  Further- 
more, dyes  which  contain  no  auxochrome  are  known  in  some  other 
classes  (for  example,  diamine-gold-yellow). 

The  method  we  have  employed  for  preparing  azomethineazo-dyes 
consists  in  acting  on  amino-compounds  with  an  azo-aldehyde.  As  a 
convenient  azo-aldehyde  for  the  purpose,  we  have  selected  phenetoleazo- 
benzaldehydesulphonic  acid,  OEt'CgH^'Ng'CeHsC^^s^)*^^^'  which  is 
readily  prepared  by  oxidation  of  the  dye  chrysophenin  G  with  cold 
aqueous  permanganate.  By  making  use  of  this  aldehyde,  a  number  of 
azomethineazo-dyes  have  been  prepared  of  varying  degrees  of  com- 
plexity, and  mostly  containing  no  auxochromic  group  (unless  the 
ethoxy-group  can  be  considered  as  such).  These  are  all  yellow, 
crystalline  compounds,  which  dye  wool  in  yellow  shades.  Although 
tolerably  strong  dyes,  their  colouring  power  appears  somewhat  inferior 
to  that  of  the  azostilbene  compounds.  Affinity  for  cotton  is  only 
slightly  developed,  except  in  those  cases  in  which  a  benzidine  or 
analogous  residue  is  present,  and  even  then  it  is  considerably  weaker 
than  in  the  stilbene  series.  The  introduction  of  an  auxochromic  group 
(OH  or  NMog)  has  practically  no  effect  on  the  dyeing  properties,  and 
does  not  increase  the  tinctorial  power,  augment  the  affinity,  or  change 
the  shade.  It  is  also  remarkable  that,  whilst  in  the  azo-series  the 
introduction  of  more  than  one  azo-group  usually  deepens  the  colour, 
with  these  compounds  the  shade  seems  almost  independent  of  the 
number  of  azomethine  groups  in  the  molecule  ;  thus  the  more  complex 
compounds  having  two  azo-groups  and  two  azomethine  groups  possess 
nearly  the  same  colour  and  tinctorial  intensity  as  those  with  a  single 
azo-group  and  a  single  azomethine  group.  On  the  other  hand,  when 
dissolved  in  concentrated   sulphuric  acid,  differences  of  shade  become 
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apparent :  those  derived  from  aniline,  aniline-/>-sulphonic  acid,  and 
;^aminophenol  dissolving  with  a  yellowish  red  colour,  those  derived 
from  benzidine  and  /j-phenylenediamine  with  a  crimson  colour,  and 
those  derived  from  a-  or  ^-naphthylamine  with  a  violet  colour.  The 
members  of  this  series  which  do  not  contain  an  auxochromic  group 
possess  in  common  with  the  dyes  of  the  azostilbene  class  a  considerable 
degree  of  fastness  to  alkalis,  chlorine,  and  light.  On  the  other  hand, 
like  other  azomethine  compounds,  they  are  more  or  less  unstable  towards 
acids  which  tend  to  decompose  them  into  the  original  aldehyde  and 
amine. 

Experimental. 

Fhenetoleazobenzaldehydesulphonic  Acid, 

aH.-o<^  \n:n/^   \ch:o 

SOjH 

This  aldehyde  was  prepared  by  Green  and  Meyenberg's  method 
(Eng.  Pat.  1431  of  1898).  One  hundred  grams  of  chrysophenin  G 
cone.  (Farbenfabriken  vorm,  F.  Bayer  (fe  Co.),  which  is  equivalent  to 
about  92  grams  of  the  pure  dye, 

OEfC6H,-N2-CgH3(S03Na)-CH:CH-CeH3(S03Na)-N2-C6H^-OEt, 
were  dissolved  in  6  litres  of  boiling  water.  Into  this  solution,  cooled 
to  0 — 5°  by  addition  of  ice,  was  slowly  run  with  rapid  mechanical 
stirring  a  3  per  cent,  solution  of  potassium  permanganate  until  the 
colour  of  the  latter  was  persistent  (pale  pink  61trate  after  saturating 
with  sodium  chloride).  The  quantity  of  permanganate  required  was 
29  grams.  After  allowing  to  settle,  the  supernatant  liquor  was 
siphoned  off,  and  the  precipitate  collected.  The  solution  contained 
only  a  small  quantity  of  aldehyde,  which  was  isolated  by  salting  out 
with  potassium  or  sodium  chloride.  The  main  quantity  of  the  aldehyde 
was  contained  in  the  precipitate  in  admixture  with  the  manganese 
dioxide.  In  order  to  extract  it,  the  precipitate  was  boiled  two  or  three 
times  with  a  litre  of  water,  filtered  from  manganese  dioxide,  and 
potassium  chloride  added  to  the  hot  filtrate  until  precipitation  was 
complete.  The  potassium  salt  of  the  aldehydesulphonic  acid  thus 
obtained  was  collected,  washed  with  50  per  cent,  alcohol,  and  dried. 
The  yield  was  81  grams,  or  80  per  cent,  of  the  theoretical.* 

The  substance  crystallises  from  water  in  orange-coloured,  microscopic 
needles,  sparingly  soluble  in  cold,  but  readily  so  in  hot,  water.  It 
reacts  readily  with  phenylhydrazine,  producing  a  reddish-orange  phenyl- 
hydrazone.     With  sodium  hydrogen  sulphite  solution,  it  gives  a  yellow, 

*  The  large  yield  obtained  affords  incidentally  an  additional  proof  of  Richard 
Meyer's  formula  for  chrysophenin  {Ber.,  1903,  86,  2970),  and  definitely  establishes 
the  absence  of  an  auxochromic  (OH)  group  in  this  dye. 
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crystalline  bisulphite  compound.  In  concentrated  sulphuric  acid  it 
dissolves  with  a  red  colour,  which  on  dilution  with  water  becomes 
yellow.     The  following  results  were  obtained  on  analysis  : 

Found,  K  =  (I)  10-12,  (II)  10-18.     S  =  (I)   9-0,  (II)  8-9. 

C15H13O5N2SK  requires  K  =  10-48  ;  S  =  8-6  per  cent. 

An  estimation  of  nitrogen  carried  out  with  the  barium  salt  gave : 

Found,  N  =  6-98. 

(Ci5Hj30jN2S)2Ba  requires  N  =  697  per  cent. 

A  determination  of  the  aldehyde  group  was  effected  by  titration 
with  a  standard  solution  of  phenylhydrazine  hydrochloride  (containing 
1  per  cent,  of  the  base)  in  the  presence  of  sodium  acetate,  employing 
jo-nitrobenzaldehydesulphonic  acid  as  indicator  (I).  Another  method 
(II)  consisted  in  titrating  with  a  0-5  per  cent,  solution  of  benzidine 
hydrochloride,  but  the  end  point  was  not  very  sharp  : 

Found,  CHO  =  (I)  7-65;  (II)  6-73. 

CjgHjgOgNaSK  requires  CHO  =  7-8  per  cent. 

For  the  preparation  of  the  azomethine  dyes,  the  same  general 
method  was  employed  in  all  cases.  This  consisted  in  mixing  in 
molecular  proportions  a  hot  aqueous  solution  of  the  potassium  salt  of 
the  aldehyde  with  a  hot  alcoholic  or  aqueous  solution  of  the  respective 
amine.  A  few  drops  of  hydrochloric  acid  were  afterwards  added,  and 
the  mixture  was  boiled  for  a  few  minutes  to  complete  the  condensa- 
tion. The  solution  was  then  neutralised  with  potassium  carbonate 
and  left  to  cool,  and  the  product  which  separated  was  recrystallised 
from  dilute  alcohol.  In  some  cases  (aniline,  /?-nitroaniline,  amino- 
salicylic acid,  and  ;?-phenylenedimethyldiamine)  the  amine  was  dissolved 
in  dilute  acetic  acid,  in  which  case  the  condensation  completes  itself 
without  the  addition  of  hydrochloric  acid. 

Condensation  Product  with  Aniline  :    PkenetoleazostUphobenzylidene- 
aniline,  OEt-CeH4-N:N-C6H3(S03H)-CH:]Sr-CgH5. 

The  free  acid  forms  an  orange-yellow,  crystalline  precipitate.  It 
dissolves  in  hot  water  to  an  orange-yellow  solution,  but  is  almost 
insoluble  in  cold  water.  It  dyes  wool  a  fast  yellow  from  a  neutral  or 
acetic  acid  bath,  but  has  no  affinity  for  cotton  : 

Found,  N  =  10-39. 

CjiHjgO^NgS  requires  N  =  10-27  per  cent. 

Condensation  Product  with  Aniline-^- aulphonic  Acid  :    Phenetoleazo- 

sulphohenzylideneaniline - p  sulphonic  Acid, 

OEt-CeH/N:N-C6H8(S08H)-CH:N-C6H,-SOjH, 

The  potaseium  salt  forms  fine,  reddish-orange  needle.^,  fairly  soluble 
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in  cold,  and  readily  so  in  hot,  water.     It  dyes  fast  yellow  shades  on 
wool,  but  has  no  affinity  for  cotton  : 
Found,  N  =  7-58  3  K=  13-44. 

C^iHiyO^NgSaKg  requires  N  =  7-43  ;  K  =  13-85  per  cent. 

Condensation    Prodicct   with   p-Nitroaniline  :     Phenetoleazosvdphohenzyl- 
idem-^nitroanilim,  OEfCsH4-N:N-C6H3(S03H)-CH:N-C6H4-N02. 

The  potassium  salt  crystallises  in  bright  reddish-orange  needles, 
readily  soluble  in  hot,  and  fairly  so  in  cold,  water.  It  dyes  wool  in 
reddish-yellow  shades  from  a  neutral  or  acetic  acid  bath,  but  has  no 
affinity  for  cotton : 

Found,  N  =  11-12;  K  =  7-75. 

CaiHjyOgN^SK  requires  N  =  11-38  ;  K  =  7-93  per  cent. 

Condensation   Product  with  p-Aminophenol :    PhenetoleazostUphobenzyl- 
idene-^^minophenol,  OEt-G^K^'W.'iif'CQH^iSO^UyGW.^'CQR^'OB.. 

The  potassium  salt  forms  fine  orange  needles,  readily  soluble  in  hot 
water.  It  dyes  wool  in  reddish-yellow  shades,  but  has  no  affinity  for 
cotton  : 

Found,  N  =  9-04;  K  =  8-61. 

C21H18O5N3SK  requires  N  =  9-07  ;  K  =  8-42  per  cent. 

Condensation  Product  with  p- Aminosalicylic  Acid  :  PhenetoleazostUpho- 

henzylideneaminosalicylic  Acid, 

OEt-C6H^-N:N-CaH3(S03H)-CH:N-C6H3(OH)-COjH. 

The  potassium  salt  crystallises  in  orange  needles,  readily  soluble  in 
hot,  but  sparingly  so  in  cold,  water.  It  dyes  wool  in  reddish-yellow 
shades  fast  to  alkalis,  but  only  has  a  small  affinity  for  cotton  : 

Found,  N  =  7-72;  K  =  13-98. 

CjoHj^OyNjSKa  requires  N  =  7-70  ;  K  =  14*31  per  cent. 

Condensation  Product  unth  p-Pheiiylenedimethyldiajnine :  Phenetoleazo- 

sulphobenzylidene-p-phenylenedimethyldiamine, 

OEt-CjH,-N:N-CaH3(S03H)-OH:N-CeH,-N(CH3)2. 

The  potassium  salt  crystallises  in  water  containing  potassium 
carbonate  in  small  leaflets  of  greenish  lustre.  It  is  fairly  soluble  in 
cold,  and  readily  so  in  hot,  water.  It  is  easily  decomposed  by  acids. 
It  dyes  wool  a  dull  yellow,  but  has  very  little  aflinity  for  cotton  : 

Found,  N=  11-16;  K  =  8-26. 

C22H280^N^SK  requires  N  =  11-43  ;  K  =  7-96  per  cent. 
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Condensation  Product  with  a-Naphthylamine  :  Phenetoleazosulphobemyl- 
idene-a-naphthylamine,  OEf  CaH4-N:N-CgH3(S03H)-CH:N-CioH». 

The  potassium  salt  forms  bright  orange,  silky  needles,  sparingly 
soluble  in  cold,  more  readily  so  in  hot,  water.  It  dyes  wool  reddish- 
yellow  shades  from  a  neutral  or  acetic  acid  bath,  but  has  no  alfinity  for 
cotton  : 

Found,  N  =  8-51;  K  =  8-01. 

C25H20O4N3SK  requires  N  =  8-45  ;  K  =  7*85  per  cent. 


Condensation  Product  with  ^-Naphthylamine  :  Phenetoleazosulpho- 
hemylidene-^-naphthylamine. 

The  potassium  salt  forms  fine  orange  needles,  readily  soluble  in  hot, 
but  sparingly  so  in  cold,  water.  It  dyes  wool  reddish  yellow  shades, 
but  has  no  affinity  for  cotton  : 

Found,  N  =  8-50;  K  =  7-96. 

C25H00O4N3SK  requires  ]Sr  =  845  ;  K  =  7-85  per  cent. 

Condensation  Product  with  Aminoazohenzene  :  Phenetoleazosulpho- 

hemylideneaminoazobenzene, 

OEfC6H4-N:N-CgH3(S03H)-CH:N-C6H4'N:N-C8H5. 

The  potassium  salt  crystallises  from  dilute  alcohol  in  beautiful* 
orange,  silky  needles.  It  dissolves  in  hot  water  to  a  yellow  solution, 
but  is  sparingly  soluble  in  the  cold  solvent.  The  addition  of  hydro- 
chloric acid  produces  a  red  precipitate  of  the  free  acid.  It  dyes  wool 
from  a  neutral  or  acetic  acid  bath  in  yellow  shades,  which  are  very  fast, 
to  alkalis  and  light.  It  also  has  a  moderate  affinity  for  cotton,  which 
it  dyes  from  a  salt-bath.  The  affinity  for  cotton  is,  however, 
considerably  less  than  that  of  chrysophenin,  to  which  it  presents  some 
structural  analogy : 

Found,  N  =  12-80  ;  K  =  6-93. 

C27H22O4N5SK  requires  N=  12-70;  K  =  7-07  percent. 

Condensation   Product   with   p-Phenylenediamine :   Bisphenetoleazo- 

sulphobenzylidene-pphenylenediamine, 

p  „  ^N:CH'CeH3(S03H)-N2-C6H,-OEt 

^  «4^N:CH-CeH3(S03H)'N2-C^6H,-OEf 

The  potassiwn  salt  was  obtained  as  a  brownish-yellow  powder, 
sparingly  soluble  in  water.     It  dyes  wool  in  reddish-yellow  shades  fast 
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to  alkalis  and  light.     It  also  dyes  cotton,  for  which  it  has  a  rather 
greater  affinity  than  the  preceding  compound  : 
Found,  N  =  9-98;  K  =  9-52. 

CagHjoOsNeSjKg  requires  N=  1029  ;  K  =  9-59  per  cent. 

Condensation  Product  with  Benzidine  :  Bisphenetoleazosulphobenzylidene- 

benzidine, 
C6H,-N:CH-C6H3(S03H)-N2-C,H,-OEt 
CgH4-N:CH-C6H3(S03H)-N2'C6H4-OEt* 

The  potassium  salt  forms  orange  needles,  moderately  soluble  in  hot, 
but  sparingly  so  in  cold,  water.  Hydrochloric  acid  produces  a  red 
precipitate.  It  dyes  wool  in  fast  reddish-yellow  shades,  and  also 
cotton  from  a  salt-bath  in  yellow  shades  tolerably  fast  to  soaping  : 

Found,  N  =  9-30j  K  =  8-99. 

C^gHj^OgNgSgKa  requires  N  =  9-42  ;  K  =  8-75  per  cent. 

Condensation  Product  with  Hydrazine  :  Biephenetoleazobenzaldazine- 
disulphonic  Acid, 

OEt-C6H4-N2-C5H3(S03H)-CH:N-N:CH-C6H3(S03H)-N2'C6H4-OEt. 

This  compound  was  prepared  in  order  to  study  the  tinctorial  effect 
of  the  double  azomethine  or  aldazine  group  'CHIN-NICH*,  It  is 
obtained  by  adding  1  gram  of  hydrazine  sulphate  dissolved  in  20  c.c. 
of  hot  water  to  a  solution  of  5"7  grams  of  the  aldehyde  potassium  salt 
in  300  c.c.  of  boiling  water.  The  solution,  when  neutralised  with 
potassium  carbonate,  deposits  the  potassium  salt  as  a  crystalline,  yellow 
precipitate.  It  crystallises  in  fine  orange  needles,  sparingly  soluble  in 
hot,  but  almost  insoluble  in  cold,  water.  Hydrochloric  acid  produces  a 
red  precipitate  of  the  free  acid.  It  dyes  wool  from  a  neutral  or  acetic 
acid  bath  in  reddish-yellow  shades  which  are  fast  to  alkalis  and  light. 
Its  affinity  for  cotton  is  rather  small : 

Found,  N  =  11-22;  K=  10-42. 

CgoHggOgNgSgKg  requires  N  =  11'35  ;  K  =  10-58  per  cent. 

Dbpabtmext  of  Tinctorial  Chemistbt. 
Ukitebsitt  of  Lkxdb. 
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CCXXXVI. — Aromatic   Hydroxy-sulphoxides. 

By  Maud  Gazdae  and  Samuel  Smiles. 

In  the  study  of  the  sulphination  of  certain  phenolic  ethers  (Smiles 
and  Le  Rossignol,  Trans.,  1908,  93,  745)  several  thionyl  derivatives 
of  these  substances  were  obtained,  and  it  was  found  that  these 
methoxy-  and  ethoxy-sulphoxides  when  dissolved  in  concentrated 
sulphuric  acid  may  be  converted  by  excess  of  phenolic  ether  into  the 
triarylsulphonium  salts.  Later  investigation  of  the  corresponding 
hydroxy-derivatives  showed  that  the  reaction  is  not  generally  applic- 
able to  these  substances,  for,  whilst  di-jo-hydroxyphenyl  sulphoxide 
(Smiles  and  Bain,  Trans.,  1907,  91,  1118)  yields  the  trihydroxyphenyl- 
sulphonium  base,  the  di-p-hydroxy-wj-tolyl  sulphoxide  does  not  (Smiles 
and  Hilditch,  Proc,  1907,  23, 161).  The  exceptional  behaviour  of  this 
;?-cresol  sulphoxide  is  of  peculiar  interest,  for  the  corresponding  dimethyl 
ether,  (CgH3Me'OMe)2SO,  readily  furnishes  the  triarylsulphonium 
derivative.  Although  the  so-called  "  steric  "  conditions  which  are  set 
up  by  substitution  in  the  aromatic  nucleus  are  known  to  be  capable  of 
retarding  this  reaction  (Smiles  and  Le  Rossignol,  loc.  cit. ),  it  cannot  be 
aupposed  that  their  influence  is  the  cause  of  the  inactivity  of  this 
/>-cresol  sulphoxide.  For  it  is  evident  from  previous  experience  of 
"steric  hindrance"  that,  if  there  be  any  difference  in  reactivity 
between  a  phenol  and  its  ether,  it  is  the  latter  that  should  be  less 
reactive,  whereas  in  the  present  case  the  reverse  relation  holds. 

It  is  a  remarkable  fact  that  of  the  eleven  hydroxy-  or  methoxy- 
phenyl  sulphoxides  which  have  been  hitherto  examined,  all  give 
brilliantly  coloured  solutions  in  concentrated  sulphuric  acid,  and 
it  therefore  seemed  probable  that  in  effecting  the  condensation  of  the 
sulphoxide  with  the  phenolic  ether  by  means  of  this  reagent,  some 
intermediate  compound  is  formed,  and  that  it  is  the  reactivity  of  this 
substance  that  determines  the  formation  of  the  sulphonium  salt. 

As  a  preliminary  step  in  the  investigation,  we  have  found  it 
necessary  to  extend  the  range  of  material  available,  since  very  little 
is  known  of  the  aromatic  hydroxy-sulphoxides,  only  one,  apparently, 
having  been  obtained  in  a  pure  condition. 

The  present  paper  deals  with  the  sulphoxides  of  ;)-cresol,  p-chloro- 
phenol,  and  o-chlorophenol.  The  investigation  is  not  yet  complete, 
but  the  results  are  now  published,  since  one  of  us  is  unable  to  carry 
on  the  work. 

Experimental. 

^Creaol-m-BvZplioxide,  (0H-CeHgMe)2S0.     (Me :  OH  :  SO  =  1  : 4  : 3.) 
The  sulphination  of  jo-tolyl  methyl  ether  with  sulphurous  acid  and 
aluminium  chloride  yields  the  sulphoxide   and  a  small   quantity  of 
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sulphinic  acid,  the  sulphonium  base,  which  is  the  final  product  of 
normal  sulphination,  being  entirely  suppressed  (Smiles  and^  Le 
Rossignol,  loc.  cit.).  On  applying  this  method  to  p-cresol,  similar 
products  were  obtained ;  but  the  yields  of  sulphoxide  were  poor,  hence 
advantage  was  taken  of  the  stronger  sulphinating  power  of  thionyl 
chloride.  Although  this  reagent  is  apt  to  yield  sulphonium  salts 
if  allowed  to  act  too  energetically,  we  find  that  by  preserving  suitable 
conditions  excellent  yields  of  the  sulphoxide  are  obtained. 

Fifteen  grams  of  powdered  aluminium  chloride  were  dissolved  in  an  ice- 
cold  solution  of  20  grams  of  /j-cresol  in  50  c.c.  of  carbon  disulphide,  and 
then  20  grams  of  thionyl  chloride  were  gradually  added.  The  mixture 
was  set  aside  in  a  desiccator,  and,  after  the  lapse  of  twenty-four  hoars, 
the  greater  portion  of  the  reaction  product — evidently  a  double  salt  of 
the  sulphoxide  with  aluminium  chloride — had  separated  in  the  form  of 
a  yellow,  viscous  mass.  During  the  next  twenty-four  hours  a  further 
small  quantity  of  this  product  separated  ;  the  supernatant  layer  of 
carbon  disulphide  was  then  decanted,  and  the  residue  decomposed 
with  crushed  ice.  After  being  mixed  with  dilute  hydrochloric  acid, 
the  mass  was  treated  with  a  current  of  steam  to  remove  carbon 
disulphide  and  unattacked  cresol.  After  this  operation,  the  contents 
of  the  flask  were  cooled,  and  the  hard,  granular  mass  was  collected, 
dried,  powdered,  and  then  extracted  with  a  small  quantity  of  benzene, 
which  removed  coloured  impurities. 

The  yield  of  this  product,  which  consisted  of  the  almost  pure 
sulphoxide,  was  20  grams,  or  about  85  per  cent,  of  the  theoretical.  It 
was  finally  crystallised  from  hot  glacial  acetic  acid,  from  which  it 
separated  in  colourless  prisms.  The  pure  substance  melts  and  decom- 
poses at  185° : 

0-1706  gave  03977  COj  and  00836  HjjO.     C  =  636  ;  H  =  5-4. 
Ci^Hj^OjS  requires  C  =  64-12;  H  =  5-34  per  cent. 

It  furnishes  a  bright  blue  solution  with  concentrated  sulphuric 
acid,  but  does  not  then  condense  with  phenolic  ethers,  as  do  other 
sulphoxides  of  this  group. 

Some  derivatives  of  this  sulphoxide  have  been  previously  investigated 
by  Mr.  Hilditch  and  one  of  the  present  authors  (Proc.,  1907,  23, 161), 
and,  together  with  others  since  examined,  thej  are  now  described  in 
detail. 

Dihenzoyl-i^-creaol  aufphoxide  was  obtained  from  the  parent  substance 
by  the  action  of  benzoyl  chloride  in  alkaline  solution.  It  is  soluble 
in  hot  alcohol,  and  separates  from  that  medium  in  colourless  plates, 
melting  at  173°: 

01375  gave  03591  COj  and  00593  HjO.     C- 71-23;  H  =  4-8. 

CjjHjjOjS  requires  C  -  7 1  -46  ;  H  =  4-68  per  cent. 
VOL.  xcvn.  7  H 
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Di-^creeol  Sulphide,  (0H'CgHgMe)2S. 

The  sulphoxide  was  reduced  by  the  action  of  zinc  dust  on  the  hot 
solution  in  glacial  acetic  acid.  On  mixing  the  filtered  solution  with 
water,  the  sulphide  separated  as  a  colourless  oil,  which  slowly  solidified. 
After  being  recrystallised  from  dilute  acetic  acid,  di-p-creaol  sulphide 
was  obtained  in  colourless  needles,  which  melted  at  143°  : 

0-1900  gave  0-4735  CO2  and  0-0984  HgO.     0  =  67-97  j  H  =  5-7. 
C14H14O2S  requires  C  =  68-29  ;  H  =  5-68  per  cent. 

Previous  experiments  have  shown  that  the  sulphoxide  which  is 
formed  (Smiles  and  Le  Eossignol,  loc.  cit.)  by  the  interaction  of 
thionyl  chloride  and  /)-tolyl  methyl  ether  contains  the  quadrivalent 
sulphur  group  in  the  ortho-position  with  respect  to  methoxyl,  and 
there  can  be  little  doubt  that  the  hydroxy-derivative,  which  is 
prepared  in  a  similar  manner  from  ^-cresol,  has  the  same  constitution, 
namely : 


CHgl    ;— SO— L    jcH, 


Further  and  independent  evidence  in  support  of  this  structure  will 
be  adduced  in  a  subsequent  communication,  but  at  present  it  may  be 
observed  that  this  is  borne  out  by  the  behaviour  of  the  substance  on 
nitration.  It  is  extremely  easily  attacked  by  nitric  acid,  two  nitro- 
groups  being  at  first  inserted ;  but  attempts  to  induce  further 
nitration  by  intensifying  the  conditions  of  reaction  result  in  the 
elimination  of  the  thionyl  group  with  formation  of  dinitrocresol. 
The  most  favourable  conditions  for  nitration  are  as  follows  : 

Nitric  acid  (2-7  c.c.  of  D  1-5)  is  gradually  added  to  a  cooled  solution 
of  the  sulphoxide  (5  grams ;  about  two-thirds  of  the  theoretical 
amount)  in  glacial  acetic  acid  (100  c.c).  After  three  to  four  minutes 
a  large  bulk  of  water  is  added.  The  precipitate  is  collected  and 
boiled  with  alcohol  to  remove  soluble  impurities,  and  the  insoluble 
residue  finally  recrystallised. 

A^itro-T^cresol  sulphoxide  is  soluble  in  hot  glacial  acetic  acid,  and 
very  sparingly  so  in  boiling  alcohol ;  it  separates  fiom  the  latter 
medium  in  lemon-yellow  prisms,  which  melt  at  214°.  The  scarlet 
sodium  salt  is  i-eadily  soluble  in  water  : 

0-1718  gave  0-3009  COg  and  0-0545  HgO.     C  =  47'7 ;  H  =  3-8. 
O14H12O7N2S  requires  C  =  47*73;  H-3-41  percent. 

Action  of  Hydrochloric  Acid. — Five  grams  of  nitro-/)-creeol  sulphoxide 
were  suspended  in  about  50  c.c.  of  alcohol,  which  had  previously  been 
saturated  with  dry  hydrogen  chloride  at  the  atmospheric  temperature. 
The  mixture  was  heated  to   100°  in  a  sealed  tube  for  four  to  five 
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hours.  Finally,  the  eolid  product  was  collected,  washed  with  alcohol, 
and  then  crystallised  from  hot  glacial  acetic  acid,  from  which  it 
separated  in  long,  orange  needles.  The  weight  of  the  crude  substance 
was  almost  equal  to  that  of  the  sulphoxide  employed.  When  pure  it 
did  not  contain  halogen  : 

0-1305  gave  0-2382  COg  and  0  0410  HjO.     0  =  49-78;  H  =  3-5. 

01392     „     0-2532  CO2     „    0  0490  HgO.     0  =  49-6 ;  H  =  3-9. 
Ci^HiaOeNgS  requires  0  =  50-00;  H  =  3-5  per  cent. 

The  analytical  data  and  the  properties  of  the  substance  show  that  it 
is  nitro-ip-cresol  sulphide.  This  compound  melts  at  1 94°,  and  is  soluble 
in  hot  alcohol  and  insoluble  in  water  ;  the  sodium  salt  is  deep  red  in 
colour.  Other  sulphoxides,  which  are  described  in  the  following  pages, 
have  been  treated  in  a  similar  manner,  and  similar  reactions  have  been 
observed  ;  but  with  less  highly  substituted  aromatic  nuclei  chlorination 
occurs,  and  even  elimination  of  the  sulphur  may  take  place.  It  may 
be  recalled  that  other  oxygen  derivatives  of  quadrivalent  sulphur, 
namely,  the  sulphinic  acids,  are  similarly  reduced  by  mineral  acids. 

p-Chloropkenol  Sulphoxide. 

The  sulphination  of  />-chlorophenol  was  effected  with  thionyl  chloride 
under  conditions  similar  to  those  described  in  the  preparation  of  the 
|j-cresol  derivative.  The  crude  product,  which  was  obtained  in  a  yield 
of  about  70  per  cent,  of  the  theoretical,  was  purified  by  precipitation 
with  dilute  hydrochloric  acid  from  an  alcoholic  solution.  The  substance 
was  finally  crystallised  from  dilute  alcohol,  from  which  it  separated  in 
small,  colourless  prisms.  It  melts  at  202°,  and  is  sparingly  soluble  in 
ether  or  hot  water,  and  readily  so  in  cold  alcohol : 

0-1487  gave  0-2580  OO^  and  0-0366  H2O.     0  =  47-33  ;  H  =  273. 

0-3538     „     0-331  AgCl    „    02780  BaSO^.     01  =  23-2;  S  =  10-8. 

CigHgOjClaS  requires  0  =  4752;  H  =  2-73;  01  =  23-43; 

S=>  1056  per  cent. 

'p-Chlorophenol  sulphoxide  is  soluble  in  concentrated  sulphuric  acid, 
the  bolution  being  at  first  colourless,  but  rapidly  assuming  a  bright 
blue  colour,  which  is  slowly  discharged  by  the  addition  of  phenetole, 
indicating  the  formation  of  a  sulphonium  salt.  Is  will  be  shown  in  a 
subsequent  communication  that  the  thionyl  group  in  this  sulphoxide 
occupies  the  ortho-position  with  respect  to  the  two  hydroxyl  groups  of 
the  phenolic  nuclei,  the  substance  having  the  structure  : 


f^H   H0/\ 

1        _J5n ( 


ci'i— SO— I    jcr 


7  H  2 
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■p-Ckloronitrophenol  Sulphoxide. 

When  submitted  to  the  action  of  nitric  acid,  this  chloro-sulphoxide 
behaves  like  the  similarly  constituted  p-cresol  sulphoxide  ;  two  nitro- 
groups  are  readily  absorbed,  but  further  action  of  the  acid  results  in 
decomposition.  The  dinitro-derivative  was  prepared  in  the  following 
manner.  The  sulphoxide  was  suspended  in  about  thirty  times  its  weight 
of  cold  glacial  acetic  acid,  and  while  the  mixture  was  stirred,  exactly 
the  calculated  amount  of  nitric  acid  (D  1*42)  was  added.  Stirring  was 
continued  until  almost  all  the  finely-divided  solid  had  dissolved,  then 
the  mixture  was  rapidly  filtered,  and  the  dark  reddish-brown  filtrates 
were  immediately  poured  into  a  large  bulk  of  water.  The  precipitate 
was  collected  and  extracted  with  alcohol ;  finally,  the  insoluble  portion 
was  recrystallised  in  small  quantities  from  hot  glacial  acetic  acid.  In 
this  way,  ]p-chloronitrophenol  sulphoxide  is  obtained  in  fine  yellow 
needles,  which  melt  at  180 — 181°.  It  is  insoluble  in  cold  water 
and  •  sparingly  soluble  in  boiling  alcohol : 

0-1740  gave  0-2342  COg  and  0-0341  HgO.     C  =  36-7;  H  =  21. 
CigHgOyNgClgS  requires  0  =  36*64  3  H=l-53  per  cent. 

T^Chlorophenol  Sulphide. 

The  sulphide  may  be  obtained  by  the  action  of  hydrochloric  acid 
on  the  sulphoxide  in  alcoholic  solution  under  conditions  similar  to 
those  described  in  the  preparation  of  the  nitrocresol  derivative.  To 
isolate  the  substance,  the  mixture  was  poured  into  water,  and,  after 
some  hours  had  elapsed,  the  solid  was  collected  and  recrystallised 
several  times  from  benzene,  when  it  was  obtained  in  colourless  leaflets 
which  melted  at  173 — 174°.  It  was  found  difficult  completely  to 
purify  this  substance,  since  it  tenaciously  retained  sulphides  of  higher 
chlorine  content.  For  comparison,  the  sulphide  was  prepared  by  the 
reduction  of  the  sulphoxide  in  the  usual  manner  with  zinc  dust  and 
boiling  acetic  acid,  and  the  product,  after  recrystallisation  from 
benzene,  melted  sharply  at  174°  and  contained  the  requisite  amount  of 
halogen  : 

0-1280  gave  0-1288  AgCl.     01  =  24-79. 

OigHgOgOlgS  requires  01  =  24-71  per  cent. 

When  mixed  with  this  substance,  the  product  obtained  by  the 
former  method  retained  the  same  melting  point. 

o-Chlorophenol  Sulphoxide. 

Sulphination  of  o-chlorophenol  was  conducted  as  with  jt>-cre8ol  and 
j9-chlorophenol ;  the  yield  of  crude  sulphoxide  was  approximately  the 
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same  as  that  recorded  in  these  cases.  The  coloured  imparities  were 
removed  by  trituration  with  cold  glacial  acetic  acid,  then  the  insoluble 
material  was  collected,  and  finally  purified  by  recrystallisation  from 
dilute  alcohol,  to  which  a  little  hydrochloric  acid  had  been  added. 
o-Chlorophenol  sulphoxide  forms  fine  colourless  needles,  which  melt  at 
195%  and  are  soluble  in  most  hot  organic  media  : 

01504  gave  0-2600  CO.  and  00383  H2O.     0  =  47-21 ;  H  =  2-83. 

01535     „     0-1415  AgCl.     CI  =  22-8. 

0  2032     „     0-1485  BaSO<.     S  =  10-0. 
CijHsOsCIoS  requires  0=  47-52  ;  H  =  2-73 ;  CI  =  23-4  ;  S  =  1 0-5  per  cent. 

The  substance  dissolves  in  concentrated  sulphuric  acid,  forming  a 
blue  solution,  from  which  the  colour  is  removed  by  the  addition  of  a 
phenolic  ether,  a  sulphonium  base  being  then  formed.  The  action  of 
alcoholic  hydrogen  chloride  on  this  substance  is  somewhat  different 
from  that  observed  in  the  preceding  cases.  After  the  usual  treatment, 
the  reaction  mixture  was  submitted  to  distillation  in  a  current  of 
steam.  The  white,  crystalline  solid  which  separated  from  the  distillate 
was  evidently  dichlorophenol,  for  it  melted  at  43^^  and  contained  43-4 
per  cent,  of  chlorine  (calc,  CI  =  43-55  per  cent.).  The  non-volatile 
portion  consisted  of  an  oil  which  resisted  all  attempts  at  purification ; 
it  apparently  consisted  of  a  mixture  of  polychloro-sulphides. 

In  conclusion,  we  desire  to  express  our  thanks  to  the  Research  Fund 
Committee  of  the  Chemical  Society  for  a  grant  which  has  defrayed  the 
expenses  of  these  experiments. 

Organic  Chemistry  Laboratobt, 
University  College,  Londox. 


CCXXXVIl. — Some  Phenolic  Derivatives  of  ^-Phenyl- 

ethylamine. 

By  Georor  Baroer  and  Arthur  James  Ewins. 

P-Hydboxy/J-phenylethylamine,  OH'CgH^'CHj'CHj'NHj,  which 
is  formed  by  the  action  of  micro-organisms  from  tyrosine  and  from 
proteins  containing  tyrosine,  has  been  shown  to  have  a  pronounced 
physiological  activity  (Barger  and  Walpole,^.  Ph>/8iol.,  1909,  38,  343) ; 
it  is,  for  instance,  one  of  the  active  constituents  of  ergot  extracts 
(Barger,  Trans.,  1909,  95,  1123). 

Since  the  effect  of  this  base  on  the  vascular  system  and  on  certain 
organs  is  essentially  similar  to  that  of  adrenaline  (Dale  and  Dixon,  J. 
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Physiol.,  1909,  39,  25),  to  which  |?-hydroxy-)8-phenylethylamine  is  also 
chemically  related,  an  examination  of  a  considerable  number  of 
similarly  constituted  amines  was  undertaken  by  Dale  in  order  to  trace 
as  far  as  possible  the  connexion  between  physiological  activity  and 
chemical  structure  within  the  limits  of  this  group  (Barger  and  Dale,  J. 
Physiol.,  1910,  41,  19). 

The  present  paper  deals  with  the  synthesis  of  some  of  these  amines. 
They  were  chosen  for  the  following  reasons  : 

(1)  Since  the  bactericidal  action  of  phenol  is  greatly  enhanced  by 
the  introduction  of  a  methyl  group  into  the  Jaenzene  ring  (yielding 
cresol),  we  prepared  3-methyl-4-hydroxy-)8-phenylethylamine.  The 
pressor  action  of  this  base  was  found,  however,  to  be  only  about  one 
half  as  great  as  that  of  the  parent  substance. 

(2)  One  of  the  differences  between  /^hydroxy-^-phenylethylamine 
and  adrenaline  (I)   is   that  the  former  substance  has  only  a  single 


HO,^    \  HOf 

ho'       icH(OH)-CH2-NH-CH3  HO'       ]CH2-CH2-NH2 

(I.)  (H.) 

phenolic  hydroxy!  group  as  compared  with  two  in  the  latter  substance. 
We  therefore  prepared  3  : 4-dihydroxy-y8-phenylethylamine  (II),  which 
was  found  to  be  scarcely  more  active  than  the  monophenolic  amine 
although  its  iV-methyl  derivative,  obtained  by  Pyman  from  an  oxida- 
tion product  of  laudanosine  (this  vol.,  p.  268),  approximates  much 
more  closely  to  adrenaline. 

(3)  Since  in  several  cases  the  introduction  of  a  second  phenolic 
hydroxyl  group  greatly  increases  the  physiological  activity  of  bases  of 
this  type,  we  wished  to  trace  the  effect  of  introducing  yet  another 
phenolic  hydroxyl  group,  and  for  this  purpose  prepared  2:3:4- 
trihydroxy-^-phenylethylamine  (III)  and  tn-aminogallcLcetoplienoiie  (IV). 


HO/    >  HO^ 

HO.       ICH2-CH2-NH2  HO.       lC0-CHj-NH2 

OH  HO 

(III.)  (IV.) 

Both  these  bases  were  somewhat  less  active  than  the  corresponding 
dihydroxy- bases  (namely,  3:4-  dihydroxy  -  /3  -  phenylethylamine  and 
oj-aminoacetylcatechol ). 

The  close  chemical  relationship  of  the  bases  (I),  (II),  (III),  and  (IV)  is 
further  illustrated  by  the  fact  that  they  all  give  the  colour  reactions 
hitherto  described  as  characteristic  for  adrenaline  (I)  (Ewins,  J.  Physiol, 
1910,  40,  317). 

The  synthesis  of  i-hydroxy-fi-m-tolylethylamine  started  with  m-tolyl- 
acetonitrile,  and  was  completely  analogous  to  that   of  p-hydroxj-ft- 


DERIVATIVES  OF   ,8-PHENYLETHYLAMINE.  2255 

phenylethylamine  from  phenylacetonitrile  (Barger,  Trans.,  1909,  95, 
1123). 

3  : 4-Dihydroxy-/8-phenylethylainine  was  obtained  from  its  dimethyl 
ether,  and  has  already  been  described  by  Mannich  (Ber.,  1910,  43, 
196). 

The  production  of  the  pyrogallol  bases  (III  and  IV)  at  first  gave 
considerable  difficulty.  The  2:3:  4-trihydrosybenzaldehyde  required 
for  (III)  had  to  be  prepared  with  anhydrous  hydrogen  cyanide  according 
to  Gattermann's  method.  It  was  found  impossible  to  obtain  2:3:4- 
trimethoxy-^-phenylethylamine  from  2:  3  :4-trimethoxyphenylpropion- 
amide  by  Hofmann's  reaction,  although  this  method  was  employed  in 
preparing  the  corresponding  dimethoxy-base.  We  therefore  had  to 
use  Curtius's  method,  starting  from  2:3: 4-trimethoxyphenylpropionyl- 
hydrazide. 

In  the  case  of  w-aminogallacetophenone  (IV)  we  found  it  quite 
impossible  to  isolate  a  pure  substance  when  (u-chlorogallacetophenone 
was  acted  on  by  ammonia,  although  this  method  is  employed  technically 
in  the  case  of  a>-chloroacetylcatechol ;  the  substance  is  destroyed  too 
readily  in  alkaline  solution.  "We  therefore  had  recourse  to  an  indirect 
method ;  (o-chlorogallacetophenone  reacts  readily  with  sodium  azide, 
and  from  the  (a-triazogallacetophenone,  CgH2(OH)3'CO*CH2*N3,  thus 
produced  the  required  amine  is  obtainable  by  reduction. 

In  the  course  of  our  work  on  this  subject  we  have  also  pre- 
pared /8-phenylethylmethylamine,  CgH-'CHg'CHj'NH'CHg,  of  which 
adrenaline  is  the  trihydroxy-derivative.  Two  methods  for  preparing 
this  base  will  be  mentioned,  although  it  is  not  a  phenolic  amine,  and  was 
recently  prepared  by  Johnson  and  Guest  {Amtr.  Chem.  J,,  1909,  42, 
340)  according  to  a  third  method  (methylation  of  benzenesulphonyl- 
phenylethylamine  and  subsequent  hydrolysis). 

EXPEBIMENTAL. 

/3- Phenyleihylmethylamine,  CgHs-CHj-CHj-NH-CHg. 

As  the  direct  methylation  of  /S-phenylethylamine  yields  a  quaternary 
iodide,  we  condensed  methylamine  (in  33  per  cent,  aqueous  solution) 
with  phenylacetaldehyde  by  means  of  sodium  hydroxide,  and  reduced 
the  crude  condensation  product,  which  separated  out,  with  sodium  and 
alcohol.     The  base  was  isolated  as  the  oxalate. 

A  second,  and  more  convenient,  method  consists  in  acting  on 
o-chloro-^-phenylethane,  C^B.^'CR^'CR^Gl  (Barger,  Trans,  1909,  95, 
2194),  with  an  excess  of  a  33  per  cent,  alcoholic  solution  of  methyl- 
amine at  100°  for  several  hours.  The  base  thus  obtained  was  distilled 
(b.  p.  205°),  and  its  hydrochloride  was  analysed.  (Found,  CI -20-7. 
Calc,  01 -20-4  per  cent.) 
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Preparation  of  i-Hydroxy-^-va-tolylethylamine, 


OH<Q      ^CH2•CH2•NH2. 

~      CH2_ 
T^-Nitro-va-tolylacetonitrile,    N02<^       J)CH2'CN. — Ten      grams      of 


wi-tolylacetonitrile  (Senkowski,  Monaish.,  1888,  9,  854)  were  dropped 
into  40  c.c.  of  nitric  acid  (D  1*5)  at  a  temperature  below  -5°.  The 
acid  solution  was  then  poured  into  water  and  extracted  with  ether. 
After  washing  with  sodium  carbonate,  drying,  and  distilling,  a  fraction 
boiling  at  201 — 205°/22  mm.  was  collected,  which  solidified,  and  on 
crystallisation  from  ether  and  light  petroleum  melted  at  52°.  The 
yield  was  80  per  cent,  of  the  theoretical : 

0-1584  gave  0-3554  CO2  and  0-0665  HgO.     0  =  61-2;  H  =  4-6. 
CgH802N2  requires  0  =  61-4;  H  =  45  per  cent. 

p  -  Amino  -  m  -  tolylacetonitrile,  NH2'CQHgMe'CH2*CN'. — p  -  Nitro- 
m-tolylacetonitrile  (19  grams)  was  dissolved  in  alcohol  (240  c.c),  tin- 
foil (25  grams),  and  then  gradually  concentrated  hydrochloric  acid 
(120  c.c.)  was  added.  The  temperature  was  at  first  kept  below  60°, 
finally  being  raised  to  100°.  After  extraction  with  ether,  the  base  was 
distilled,  and  8*5  grams  (60  per  cent.)  boiling  at  175 — 185°/20  mm. 
were  obtained.  On  crystallisation  from  benzene,  the  substance  melted 
at  87°  : 

0-1652  gave  04204  OOg  and  0-0902  HgO.     0  =  73-9  ;  H  =  65. 
OgHj^Ng  requires  0  =  74-0 ;  H  =  6-8  per  cent. 

The  hydrochloride,  prepared  by  adding  alcoholic  hydrogen  chloride  to 
the  ethereal  solution  of  the  base,  melts  at  247 — 248° : 

0-2082  gave  0-1620  AgOl.     01  =  19-3. 

C9HjoN2,H01  requires  01  =  19-4  per  cent. 

The  oxalate  melts  at  164 — 165°  : 

0-1884  gave  24  c.c.  Ng  (moist)  at  20°  and  768  mm.     N=  14-7. 
{CqK^q'N 2)2,^2^2^4  requires  N  =  14-7  per  cent. 

^-ffydroxy-m-tolylacetonitrile,  GH'CgHjMe'CHj'ON. — 3-9  Grams  of 
sodium  nitrite  dissolved  in  a  little  water  were  slowly  added  to  a  boiling 
solution  of  8-5  grams  of  the  amino-compound  dissolved  in  200  c.c.  of 
dilute  sulphuric  acid  (210  c.c.  of  water  and  17  c.c.  of  concentrated 
sulphuric  acid).  On  extracting  the  acid  solution  with  ether,  2*5  grams 
(30  per  cent.)  of  a  substance  were  obtained,  which  distilled  at 
162 — 164°/2  mm.  and  crystallised  in  the  receiver.  It  crystallises 
from  benzene  in  leaflets  melting  at  84°  : 
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0-1526  gave  04093  COg  and  0-0807  H2O.     C  =  73-1  ;  H  =  5-9. 
0-1718     „     14-2  C.C.  N2  (moist)  at  22°  and  760  mm.     N  =  9-4. 
C9H9ON  requires  C  =  73-5 ;  H  =  6-1  ;  N  =  95  per  cent. 


^-Hydroxy-P-m-tolylethylamine,  0H<'        ")CH2*CH2'NH2. — 0-9  Gram 

of  p-hydroxy-m-tolylacetonitrile  yielded,  on  reduction  with  4  grams  of 
sodium  in  boiling  alcoholic  solution,  0*62  gram  of  a  crude  hydrochloride, 
which  was  crystallised  by  adding  ether  to  its  concentrated  solution  in 
alcohol.  From  this  the  free  base  was  obtained  j  it  crystallised  from 
xylene,  and,  after  sublimation  in  a  vacuum,  melted  at  132 — 133°  : 

0-1290  gave  03364  CO,  and  00910  H2O.     C  =  71-2;  H  =  7-9. 
CgHjgON  requires  C  =  71'5  ;  H  =  8-6  per  cent. 

The  hydrochlw'ide  was  also  analysed  : 

01226  gave  00956  AgCl.     CI  =  19-3. 

CgHigONjHCl  requires  CI  =  19-0  per  cent. 

The  dibenzoyl  derivative  crystallised  from  dilute  alcohol  in  long, 
thin  needles,  melting  at  130 — 131°. 

The  quaternary  iodide,  OH*CgH3Me'CH2*CH2'NMe3l,  was  obtained 
by  boiling  the  base  with  a  little  methyl  alcohol  and  a  large  excess  of 
methyl  iodide.  It  melts  at  231 — 232°,  and  closely  resembles  hordenine 
methiodide  in  solubility  and  other  properties. 

4-IIydroxy-j8-m-tolylethylamine  resembles  j9-hydroxy-/8-phenylethyl- 
amine  in  behaviour  and  derivatives. 

The  physiological  action  of  the  former  base  is  about  one-half  of  the 
latter.  Both  bases  give  Millon's  reaction,  but  it  is  significant  that, 
unlike  p-hydroxy-/?-phenylethylamine,  the  tolyl  compound  does  not 
give  Morner's  reaction  (green  coloration  after  heating  with  sulphuric 
acid  and  formaldehyde).  It  would  appear  that  substitution  in  the 
phenolic  ring  prevents  this  reaction  from  taking  place. 

Preparation  of  3  :  i-Dihydroxy-^-phenylethylamine, 

HOX/CHj-CHj-NHj 

3 : 4-Dimethoxy-^-phenylethylamine  was  prepared  from  vanillin 
according  to  the  method  described  in  detail  by  Pictet  and  Finkelstein 
(fi«r.,  1909,  42,  1979),  and  5-2  grams  of  the  amine  boiling  at 
164— 166°/13  mm.  were  obtained  from  205  grams  of  homoveratric 
acid. 

The  amine  was  hydrolysed  by  heating  with  ten  parts  of  concentrated 
hydrochloric  acid  to  170°  for  two  hours.  The  hydrochloride  so  obtained 
flrystallised  from  90  per  cent,  alcohol  in  glistening,  almost  colourless 
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plates,  melting  and  decomposing  at  240 — 241°.  Yield,  45  per  cent,  of 
the  theoretical.  (Found,  C  =  50-6  ;  H  =  62.  Calc,  0  =  507  ;  H  =  6-2 
per  cent. 

The  hydrohromide  was  obtained  by  heating  the  dimethoxy-amine  to 
130°  for  two  hours  with  ten  times  its  weight  of  concentrated  aqueous 
hydrobromic  acid.  The  crystalline  hydrobromide  was  obtained  quite 
pure  in  the  same  manner  as  that  employed  in  the  preparation  of  the 
hydrochloride.     The  salt  crystallises  in  plates,  melting  at  212°  : 

0-1212  gave  00984  AgBr.    Br  =  34-5. 

^8^12^2^^'^  requires  Br  =  34*2  per  cent. 

The  aqueous  solution  of  the  salts  of  3  :  4-dihydroxy-^-phenylethyl- 
amine  gave  an  intense  green  coloration  with  ferric  chloride. 

The  quaternary  chloride,  CgH3(OH)2*CH2*CH2*NMe3Cl,  was  pre- 
pared in  order  to  compare  its  action  with  that  of  hordenine  methiodide, 
OH'CgH^'CHg'CHg'NMegl.  The  action  of  the  two  substances  is  very 
similar,  like  that  of  nicotine,  and  unlike  that  of  adrenaline. 

3 :  ^-Dihydroxy-P-phenylethyltrimethylammonium  chloride  was  ob- 
tained i  from  3  : 4-dimethoxy-^-phenylethylamine.  The  quaternary 
iodide  obtained  by  treating  the  latter  base  with  methyl  iodide  was 
transformed  into  the  chloride  by  digestion  with  silver  chloride,  and 
was  then  hydrolysed  by  concentrated  hydrochloric  acid  at  170°.  On 
removal  of  the  latter,  the  residue  crystallised  from  alcohol  and  ether, 
and  melted  at  201°. 

Preparation  o/  2  :  3  :  i-Trihydroxy-P-phenylethylaminej 

2:3:  i-Trimethoxyhenzaldehyde,  OaH2(OMe)3'CHO. — This  aldehyde 
does  not  appear  to  have  been  described  before,  although  F.  Mauthner 
{Ber.,  1909,  42,  188)  has  stated  that  it  can  be  obtained  from  2:3:4- 
trimethoxyphenylglyoxylic  acid  by  the  action  of  aniline.  The 
methylation  of  2:3:  4-trihydroxybenzaldehydo,  which  was  prepared 
from  pyrogallol  and  anhydrous  hydrocyanic  acid  according  to  Gatter- 
mann  and  Kcebner's  method  {Ber.,  1899,  32,  281),  was  carried  out  in 
an  atmosphere  of  hydrogen  by  the  method  employed  by  Perkin  and 
Robinson  (Trans.,  1907,  91,  ,1079)  for  the  preparation  of  vera- 
traldehyde  from  vanillin.  Twenty-five  grams  of  2:3:  4-trihydroxy- 
benzaldehyde  were  dissolved  in  80  c.c.  of  methyl  alcohol,  and  to  this 
solution  was  added  24  grams  of  sodium  hydroxide  dissolved  in  the 
minimum  quantity  of  water.  The  solution  became  very  dark  brown 
in  colour.  Eighty  grams  of  methyl  sulphate  were  then  added,  and 
when  the  vigorous  reaction  had  nearly  subsided,  a  further  66  grams  in 
small  quantities  alternately  with  small  quantities  of  sodium  hydroxide 
were  added  at  sucha  rate  that  a  vigorous  reaction  was  maintained. 


I 
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The  mixture  was  kept  for  half  an  hour,  and  then  poured  into  500  c.c. 
of  water.  An  oil  separated,  which  was  extracted  by  means  of  ether, 
and,  after  drying  and  removal  of  the  solvent,  the  residue  was  distilled. 
18-5  Grams  of  a  colourless  liquid,  boiling  at  168 — 170712  mm.,  were 
thus  obtained.  The  distillate  solidified  after  some  time  to  a  crystalline 
mass  of  long,  thin  needles,  melting  at  30°  : 

0-1840  gave  0-4126  CO^  and  0-1020  HgO.     C  =  61-l ;  H  =  6-2. 
C^oHj204  requires  C  =  612  ;  H  =  61  per  cent. 

2:3:  i'Trimethoxy-^-phenylpropionic  Acid, 
C6H2(OMe)3  •  CH2- CHj- COgH. 

Twenty  grams  of  2:3: 4-trimethoxybenzaldehyde  were  dissolved  in 
35  grams  of  ethyl  acetate,  and  the  solution  added  to  3*3  grams  of 
finely  divided  sodium  contained  in  a  large  flask  provided  with  a  reflux 
condenser.  A  vigorous  reaction  ensued.  The  product  was  kept  for 
one  hour,  and  then  a  solution  of  14  grams  of  sodium  hydroxide  in 
methyl  alcohol  was  added.  After  the  reaction  had  ceased,  250  c.c.  of 
water  were  added.  The  alcohol  was  then  removed  by  evaporation  on 
a  water-bath,  water  being  added  from  time  to  time  to  avoid  undue 
concentration.  The  alkaline  solution  was  then  reduced  by  the 
addition  of  500  grams  of  2^  per  cent,  sodium  amalgam  in  small 
portions,  concentrated  hydrochloric  acid  being  added  from  time  to  time 
to  neutralise  the  excess  of  sodium  hydroxide  formed  in  the  reaction. 
The  resulting  solution  was  filtered,  and  acidified  with  hydrochloric 
acid.  A  yellow  oil  separated,  which  slowly  crystallised.  The  acid 
was  purified  by  distillation  under  diminished  pressure  (it  boils  at 
200 — 203°/2  mm.)  and  subsequent  crystallisation  from  ether  and  light 
petroleum,  from  which  it  separated  in  clusters  of  prisms,  melting  at 
76°.     Yield,  50  per  cent,  of  the  theoretical  : 

0-2150  gave  04722  COj  and  0-1282  H2O.     C  =  59-9  ;  H  =  6-6. 
CjjHjgOj  requires  C  =  600 ;  H  =  6-7  per  cent. 

Ethyl  2:3:  A-Trimethoxy-fi-phenylpropionaU, 
CeH2(OMe)8-CH2-CH2-CO„Et. 

The  acid  obtained  as  above  was  converted  into  the  corresponding 
ethyl  ester  by  dissolving  in  five  times  its  weight  of  5  per  cent,  alcoholic 
hydrogen  chloride  and  boiling  under  reflux  for  six  hours.  The  alcohol 
and  hydrochloric  acid  were  evaporated  off,  and  the  residue  was 
distilled.  The  ester  boils  at  200—201720  mm.  Yield,  70  per  cent,  of 
the  theoretical : 

0-2074  gave  04797  00,  and  01390  HjO.     C - 631  ;  H  =  7-4. 
Cj^HjoO^  requires  C=»62-7  ;  H-7-4  per  cent. 
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2:3:  ^-Trimethoxy-li-pJienylpropionylhydrazide  Hydrochloride, 
C6H2(OMe)3-CH2-CH2-CO-NH-NH2,HCl. 

Two  grains  of  the  above  ester  were  gradually  added  to  0-6  gram  of 
boiling  hydrazine  hydrate.  Solution  was  complete  at  the  end  of  one 
hour,  and  the  solution  was  boiled  under  reflux  for  several  hours  longer. 
The  excess  of  hydrazine  was  removed  by  evaporation  in  a  vacuum  over 
sulphuric  acid.  The  syrupy  residue  could  not  be  crystallised,  but  on 
dissolving  in  alcohol  and  adding  a  little  alcoholic  hydrogen  chloride  a 
crystalline  precipitate  separated,  which  was  increased  by  the  addition 
of  ether.  The  hydrochloride  thus  obtained  was  recrystallised  from 
98  per  cent,  alcohol,  separating  in  the  form  of  hexagonal  plates,  which 
melted  at  155°: 

0-1679  gave  0-3020  COj  and  0-0947  HgO.     C  =  49-0  ;  H  =  6-3. 
^12^19^4-^2^^  requires  0  =  48-8  ;  H  =  6-5  per  cent. 

The  solution  of  this  salt  readily  reduced  ammoniacal  silver  in  the 
cold,  and  Fehling's  solution  on  boiling. 

2:3:  4:-Trihydroxy-(3-phenylethylamine  Hydrochloride, 
C6H2(OH)3'CH2-CH2-NH2,HCl. 

The  hydrazide  obtained  as  described  above  was  diazotised  at  0°. 
The  crude  azide,  obtained  by  extraction  with  ether,  was  converted  into 
the  corresponding  urethane  derivative  by  boiling  in  absolute  alcoholic 
solution  for  twelve  hours  under  reflux.  The  alcohol  was  then  distilled 
off,  and  the  residue  hydrolysed  by  heating  in  a  sealed  tube  with 
concentrated  hydrochloric  acid  to  170 — 180°  for  three  hours.  The 
very  dark-coloured  contents  of  the  tube  were  evaporated  to  dryness, 
dissolved  in  a  little  water,  boiled  with  animal  charcoal,  filtered,  and 
the  solution  evaporated  nearly  to  dryness.  From  the  dark  brown 
syrupy  product,  crystals  slowly  separated.  These  were  pressed  on  a 
plate,  and  recrystallised  from  absolute  alcohol  by  addition  of  ether. 
The  crystals,  which  melted  at  162 — 163°,  were  still  dark  brown  in 
colour.  The  aqueous  solution  gives  with  ferric  chloride  a  deep  purple- 
brown  coloration,  which  rapidly  fades  : 

0-1000  gave  0-0700  AgCl.     01  =  17-32. 

O8HHO3NOI  requires  01  =  17-35  per  cent. 


i 


HO 

Preparation  of  (a- AminogallacetopJienone,    HOi       JOO'OHg'NHj 

HO 

ui-Triazogallacetophenone,  OeH2(OH)3'00'0 II g-Ng.— Seven  grams  of 
(D-chlorogallacetophenone,    prepared    according    to    Nencki's    method 
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{J.  Riuss.  Phys.  Chem.  Soc,  1883,  25,  182),  were  dissolved  in 
50  c.c.  of  hot  water,  and  a  hot  solution  of  2*5  grams  of  sodium 
azide  in  a  little  wat«r  added.  On  cooling,  a  crystalline  solid 
separated.  This  was  collected  and  recrystallised  from  xylene,  when 
rhomb-shaped  plates,  melting  at  155°,  were  obtained.  Yield,  50  per 
cent,  of  the  theoretical : 

0-2460  gave  44-2  c.c.  Nj  (moist)  at  19°  and  758  mm.    N  =  20-7. 
C8Hj.O^K3  requires  N  =  20'l  per  cent. 

ui-Aminogallacetophenone  Hydrochloride, 

C6H2(OH)3-CO-CH2-NH2,HCl. 
— Five  grams  of  w-triazogallacetophenone  were  dissolved  in  absolute 
alcohol.  Ten  grams  of  tin-foil  were  then  placed  in  the  Uqaid,  and 
60  c.c.  of  concentrated  hydrochloric  acid  added  in  small  portions.  As 
reduction  proceeded,  the  hydrochloride  of  the  base  separated  out  in 
small,  rectangular  plates.  The  yield  was  1*2  grams,  or  25  per  cent,  of 
the  theoretical 

For  analysis,  the  salt  was  recrystallised  from  alcohol  and  ether,  when 
it  melted  at  259—260°  : 

01916  gave  10-8  c.c.  Nj  (moist)  at  17°  and  754  mm. 

0-1275     „     00838  AgCl.     Cl  =  16-2 ;  N  =  6-5. 

CgHj^jO^NCl  requires  N  =  6-4j  Cl  =  161  per  cent. 

The  salt  is  readily  soluble  in  water  ;  it  aqueous  solution  darkens  on 
keeping,  and  with  very  dilute  ferric  chloride  solution  gives  a  dirty 
green  coloration,  which  rapidly  changes  to  a  brownish-yellow. 

Thb  Wkllcome  Physiological  Research  Labokatobies, 
Herxe  Hill,  S.E. 


CCXXXVIII. — Tlie  Formation  and  Reactions  0/ 
Imino-compounds.  Part  XIV.  The  Formation 
of  a-Hydrindone  and  its  DeHvatives. 

By  Alec  Duncan  Mitchell  and  Jocelyn  Field  Thorpe. 

Some  time  ago  (Trans.,  1908,  93,  165)  it  was  shown  that  ^-hydrindone 
and  some  of  its  derivatives  could  be  derived  from  )8-imino-a-cyano- 
hydrindene  (II),  a  substance  which  is  formed  in  quantitative  yield 
when  an  alcoholic  solution  of  o-phenylenediacetonitrile  (I),  contain- 
ing a  trace  of  sodium  ethozide,  is  warmed. 

«''=.<Sh:-cS  -^  C.H,<gH.^^:NH   -^  C.H.<:«H^>CO 
(I.)  (IL)  /S-Hydrindone. 
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The  present  paper  deals  with  a  similar  reaction  by  which  a-hydrindone 
and  its  derivatives  can  be  produced  through  the  imino-compound. 

a-Hydrindone  was  originally  prepared  by  Gabriel  and  Hausmann 
{£er.,  1889,  22,  2018),  and  was  subsequently  investigated  by 
Hausmann  (ibid.,  p.  2020).  Gabriel  and  Hausmann  prepared  the 
ketone  by  condensing  o-cyanobenzyl  chloride  (III)  with  the  sodium 
compound  of  ethyl  acetoacetate,  when  a  compound,  which  they 
considered  to  be  ethyl  o-cyano-^-phenylpropionate  (IV),  was  formed, 
and  this  substance,  on  treatment  with  concentrated  hydrochloric 
acid,  passed  into  a-hydrindone  (V). 

^^^^^CHgCl       ^e^^^CHg-CHa'COgEt       ^6^i^cil^'^'^^2- 

(III.)  {IV. )  (V.) 

Hausmann  {loc.  cit.)  subsequently  found  that  when  ethyl  sodio- 
malonate  was  used  in  this  reaction  in  place  of  ethyl  sodioacetoacetate, 
the  same  substance  (IV)  was  produced. 

The  formation  of  a-hydrindone  from  ethyl  o-cyano-)8-phenylpropionate 
on  treatment  with  concentrated  hydrochloric  acid  was  explained  on  the 
assumption  that  o-carboxy-;8-phenylpropionic  acid  (VI)  is  first  formed, 
which  then  decomposes  into  water,  carbon  dioxide,  and  a-hydrindone, 
thus  : 

^6H4<chVcH2-C02H      ~^      CeH,<(,g^>CH2  +  CO2,  etc. 

(VI.) 

This  is  also  the  explanation  advanced  by  Aschan  (Chemie  der 
AlicyTdischen  Verbindungen,  p.  1028),  who  remarks  that  Konig  has 
shown  {Annalen,  1893,  275,  341)  that  o-carboxy-yS-phenylpropionic 
acid  passes  on  distillation  into  a-hydi^ndone.  It  must  be  remembered, 
however,  that  the  production  of  a-hydrindone  from  o-carboxy-)8-phenyl- 
propionic  acid  in  this  manner  takes  place  at  a  high  temperature,  that 
is  to  say,  under  conditions  very  different  from  those  which  convert 
ethyl  o-cyano-)3-phenyl propionate  into  this  ketone.  It  therefore  seemed 
to  us  unlikely  that  the  mechanism  of  this  reaction,  as  recorded  above, 
could  be  correct,  and  we  consequently  decided  to  seek  for  some  other 
explanation  more  in  accordance  with  the  experimental  facts. 

It  has  been  already  mentioned  that,  according  to  the  observation  of 
Hausmann,  the  condensation  of  o-cyanobenzyl  chloride  with  both  ethyl 
sodiomalonate  and  ethyl  sodioacetoacetate  yields  the  same  product, 
namely,  ethyl  o-cyano-yS-phenylpropionate  (IV).  It  is  evident,  there- 
fore, that  in  the  first  condensation  a  carbethoxyl  group,  and  in  the 
second  condensation  an  acetyl  group,  must  have  been  eliminated  during 
li  e  process  of  the  condensation. 

Neither  Gabriel  nor  Hausmann  seems^to  have  remarked  on  this,  but. 
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in  the  light  of  recent  investigation  on  the  formation  of  five-ring  imiuo- 
compounds,  the  fact  possessed  for  us  some  significance. 

Thus  we  have  always  found  that  when  the  five-carbon  ring  is  formed 
through  the  imino-group,  the  formula  of  the  product  does  not  allow  of 
two  carbethoxyl  groups,  a  nitrile  group  and  a  carbethoxyl  group,  or  an 
acetyl  group  and  a  carbethoxyl  group,  being  attached  to  the  same  carbon 
atom ;  an  example  of  this,  which  bears  closely  on  the  present  instance, 
being  the  transformation  of  the  open-chain  compound  (VII),  which  is 
formed  by  the  condensation  of  ethyl  sodiomalonate  and  ethyl  1-cyano- 
cyc/o propane -1-carboxy late  into  ethyl  2-iminoc2/c^opentane-l  ;  3-dicarb- 
oxylate  (VIII)  (this  vol.,  p.  1002). 

g^>C(CK).co,Et.0H,(co,Et),  _  gl::^|feK''  -" 

{VII. ) 
CH,.CH(CO,Et) 
CH2-CH(C02Et)^ 
(VIII.) 
The  elimination  of  a  carbethoxy-group  in  Hausmann's  condensation 
suggested    therefore   the  closing   of   the   five-carbon   ring,  in   which 
case  the  reaction  would  have  proceeded  as  follows  ; 

^«^*^'H2-CH(C02Et)2  "^  ^^^^     ~^ 

C,H,<:g^^^)>CH-CO,Et  +  C0(0Et)2, 
(IX.) 
or  in  the  case  of  ethyl  sodioacetoacetate  as  follows  : 

C6H,<^^  CI  ■*■  CHAcNa-COjEt     -^ 

^«^4<CH2-CHAc-C02Et  +  ^*^^- 
^«^4<CH,.CHAc-C0,Et  +  ^^^^    ~^     . 


C6H,<^^^^5^CH-C02Et  4-  Me-COjEt. 

In  these  circumstances  the  compound  described  by  Gabriel  and 
Hausmann  as  ethyl  o-cyano-)S-phenyIpropionate  would  be  ethyl  1-imino- 
hydriDdene-2-carboxylate  (IX),  and  its  transformation  into  o-hydr- 
indone  by  the  action  of  concentrated  hydrochloric  acid  could  be  readily 
explained  thus  : 

^•^4<CHf-^^H'C^»^*^    -^    cX<^^>CH.CO,Et     -^ 
CeH,<^^CH2  +  CO2,  etc. 
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Investigation  proved  that  this  view  of  the  formation  of  a-hydrindone 
was  correct,  and  that  the  compound  described  as  ethyl  o-cyano-y8-phenyl- 
propionate  behaved  in  evei'y  way  as  an  imino-compound  of  formula  (IX). 
Before  this  fact  could  be  definitely  proved  it  was  necessary,  however, 
to  thoroughly  study  the  condensation  of  o-cyanobenzyl  chloride  with 
the  sodium  compounds  of  both  ethyl  malonate  and  ethyl  acetoacetate, 
and  as,  at  the  same  time,  it  was  thought  advisable,  for  reasons  given 
later,  to  investigate  the  corresponding  condensation  with  ethyl  sodio- 
cyanoacetate,  it  is  best,  for  the  sake  of  comparison,  to  describe  the 
three  condensations  separately. 

(1)  The  Condensation  of  o-Cyanohenzyl  Chloride  with  the  Sodium 
Compound  of  Ethyl  Malonate. — In  effecting  this  condensation,  Hausmann 
used  equivalent  quantities  of  sodium  dissolved  in  alcohol,  and  of  the 
two  reacting  substances.  He  found  that,  mixed  with  the  chief  product 
of  the  condensation  (the  so-called  ethyl  o-cyano-^-phenylpropionate),  a 
considerable  quantity  of  a  product  melting  at  86°  was  also  formed. 
This  he  showed  to  be  ethyl  di-o-cyanobenzylmalonate  (X), 

(CN-C«H,-CH2)2C(C02Et)2, 
(X.) 

which  had  been  formed  by  the  condensation  of  two  molecules  of 
o-cyanobenzyl  chloride  with  one  molecule  of  ethyl  malonate. 

Hausmann  separated  the  two  products  by  treating  the  mixture  with 
cold  concentrated  hydrochloric  acid,  in  which  the  supposed  ethyl 
o-cyano-)8-phenylpropionate  dissolved,  and  could  be  obtained  on  mixing 
the  hydrochloric  acid  filtrate  with  water. 

Now  it  is  obvious  that  the  formation  of  the  derivative  (X)  must 
have  taken  place  in  the  following  manner  : 

(1)  CN-C,H4-CH2Cl-l-CHNa(C02Et)2  -^ 

CN-C6H4-CH2-CH(C02Et)2  +  NaCl. 

(2)  ON-CgH4-CH2-CH(C02Et)2-f-CHNa(C02Et)2  — > 

CN-CgH4-CH2-CNa(C02Et)2  +  CH2(C02Et)2. 

(3)  CN-CeH4-CH2-CNa(C02Et)2-l-ON-C6H,-CH2Cl  — > 

(CN-CgH4-CH2)2C(C02Et)2  +  NaCI. 

That  is  to  say,  the  initial  condensation  product  of  o-cyanobenzyl 
chloride  and  ethyl  sodiomalonate  must  be  the  normal  product  of 
the  formula  CN-C6H4'CH2'CH(C02Et)2,  and  the  elimination  of  a 
carbethoxyl  group  must  therefore  have  taken  place  subsequent  to 
its  formation. 

Our  previous  experiments  on  this  point  show  that  the  elimination  of 
this  group  is  always  effected  by  the  action  of  free  sodium  ethoxide,  or 
of  some  sodium  derivative  dissociating  in  alcoholic  solution,  and  hence 
it  seemed  to  us  likely  that  by  preventing,  so  far  as  possible,  the  presence 
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of  excess  of  the  sodium  derivative  of  ethyl  malonate  during  the  process 
of  the  condensation  the  elimination  of  this  group  might  be  avoided. 

This  proved  to  be  the  case,  for  it  was  found  that  when  an  alcoholic 
solution  of  ethyl  sodiomalonate  containing  a  slight  excess  of  ethyl 
malonate  was  added  slowly  to  a  hot  alcoholic  solution  of  o-cyanobenzyl 
chloride,  the  product  of  the  reaction  did  not  become  solid  on  being 
poured  into  water,  but  remained  as  a  heavy  oil  at  the  bottom  of  the 
liquid. 

This  oil  proved  to  be  the  normal  condensation  product,  namely, 
ethyl  o-cyanobenzylmalonate,  CN*CgH^'CH2'CH(C02Et)2,  and  it  was 
found  that  when  an  alcoholic  solution  of  this  substance  containing  a 
trace  of  sodium  ethoxide  was  warmed,  a  carbethoxyl  group  was  at  once 
eliminated  as  ethyl  carbonate,  and  the  product  described  by  Hausmann 
as  ethyl  o-cyano-;8-phenylpropionate  was  formed.  Subsequent  investi- 
gation proved  conclusively  that  this  product  is  ethyl  l-iminohydrin- 
dene-2-carboxylate  (IX),  and  that  its  formation  in  the  manner  des- 
cribed above  is  represented  by  the  equation  : 

C6H4<5jj^.CH(rjO.Et)2  "^  ^^^^  ~^ 

CgH,<^^^>CH-C02Et  +  C0(0Et)2. 

(IX.) 
The  proof  of  the  constitution  of  this  substance  is  as  follows  :  When 
a  solution  of  the  imino-compound  in  alcohol  is  mixed  with  rather  more 
than  the  quantity  of  concentrated  hydrochloric  acid  necessary  to 
hydrolyse  the  CINH-group  to  carbonyl  and  the  solution  is  warmed, 
ammonium  chloride  separates,  and  the  solution  on  dilution  yields  an  oil 
which  boils  at  185°/20  mm.,  and  which  gives  in  alcoholic  solution  an 
intense  violet  coloration  with  ferric  chloride.  This  oil,  which  is  without 
doubt  ethyl  l-hydrindone-2-carboxylate  (XI), 

C«H,<g(j^^_^>CH-C02Et    ->    CeHXc^CH-COjEt 

(XI.) 
gives  a  well  defined  phenylhydrazone  and  semicarbazone,  the  same 
phenyl hydrazone  being  also  formed  from  the  imino-compound  (IX) 
when   it   is   boiled    in    acetic    acid    solution    with    phenylhydrazine 
acetate. 

The  imino-compound  is,  as  Gabriel  and  Hautmann  showed,  readily 
.soluble  in  concentrated  hydrochloric  acid,  and  is  precipitated  on  adding 
water.  It  is  not,  however,  completely  unchanged  by  this  process,  since 
a  quantity,  depending  for  amount  on  the  length  of  time  it  is  left  in 
contact  with  the  strong  acid,  is  converted  into  the  ketone.  The  process 
of  conversion  at  the  ordinary  temperature  is  very  slow,  and  the  usual 
method  adopted  in  other   cases,  of  pouring  the  concentrated  hydro- 
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chloric  solution  into  hot  water  and  cooling,  converts  only  a  small 
quantity  of  the  imino-compound  into  the  ketone.  It  is  evident 
therefore  that  ethyl  l-iniinohydrindene-2-carboxylate  is  a  tautomeric 
amino-imino-compound  reacting  in  the  two  forms : 

Cr,H4<plv^i?i>CH-C02Et    and     C6H4<^(?^>C-C02Et, 


^CH2 ^^----2-"     -"-     ^6"4^CH2 

but  that  it  has  only  a  short  imino-phase. 

Ethyl  l-hydrindone-2-carboxylate  (XI)  is  readily  soluble  in  dilute 
aqueous  potassium  hydroxide,  but  it  is  only  slowly  extracted  from  its 
solution  in  ether  by  means  of  aqueous  sodium  carbonate  solution. 
Both  the  potassium  and  sodium  salts  are  sparingly  soluble  in 
excess  of  the  alkali,  and  can  be  readily  isolated  in  a  pure  condition. 

When  the  potassium  salt  (XII),  either  in  the  soluble  or  insoluble  form, 
is  boiled  in  alcohol  with  methyl  iodide,  the  C-methyl  derivative  (XIII) 
is  obtained  as  sole  product,  and  no  trace  of  the  corresponding  0-methyl 
ether  could  be  detected  : 

C6H4<Qg~>CK-C02Et    — >    C6H4<^^~>CMe-C02Et 

(XII.)  (xin.) 

The  C-methyl  derivative  readily  yields  the  corresponding  2-methyl- 
1-hydrindone  when  distilled  in  a  current  of  steam  from  dilute  sulphuric 
acid, 

.       OeH4<^^">CMe-C02Et     — >     C6H,<^^">CHMe, 

a  process  which  is  complete,  owing  to  there  being  no  tendency  for 
the  ^-alkyl  derivatives  of  a-hydrindone  to  undergo  intramolecular  con- 
densation analogous  to  the  formation  of  anhydro-bis-a-hydrindone 
(Trans.,  1897,  71,  241)  from  a-hydrindone.  The  direct  formation  of 
ethyl  l-iminohydrindene-2-carboxylate  in  the  original  condensation  is, 
we  find,  best  effected  by  working  in  the  manner  described  above  until 
the  reaction  is  complete,  and  then,  by  adding  excess  of  sodium  ethoxide, 
to  convert  the  open-chain  compound  into  the  hydrindene  ring.  The 
compound  CN-C6H4-CH2-C(C02Et)2-CH2-CoH4-CN,  which  is  formed  by 
the  condensation  of  two  molecules  of  o-cyanobenzyl  chloride  with  one 
molecule  of  ethyl  malonate,  is  so  readily  produced  that  if  the  conden- 
sation is  effected  in  the  usual  way,  the  product  consists  for  the  most  part 
of  the  more  complex  derivative. 

(2)  The  Condensation  of  Ethyl  Sodioacetoacetate  and  o-Cyanohenzyl 
Chloride. — It  is  hardly  necessary  in  this  condensation  to  take  any 
precautions  to  prevent  the  formation  of  the  derivative 

CN-CfiH4-CH2-CAc(C02Et)-CH2-CeH4-CN, 
as  under  the  ordinary  conditions  very  little  of  it  is  formed.     If,  how- 
ever, the  method  described  in  the  experimental  portion  is  used,  the 
normal  product  (XII)  can  be  readily  isolated,  and  this  compound  on 
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treatment  with  a  trace  of  sodium  ethoxide  passes  quantitatively  into 
ethyl  acetate  and  ethyl  l-iminohydrindene-2-carboxylate,  thus  : 

^6^4<CH2-CHAc-C02Et  +  ^*^°  ~^ 

CeH^<^ff^^^>CH-CQ.3Et  +  Me-CO^Et. 

For  the  rapid  preparation  of  this  imino-compound  in  quantity  this 
condensation  produces  the  best  results,  the  beat  method  being  to  add 
an  alcoholic  solution  of  ethyl  sodioacetoacetate  containing  a  slight 
excess  of  sodium  ethoxide  to  a  hot  alcoholic  solution  of  the  chloride. 

(3)  The  Condensation  of  Ethyl  Sodiocyanoacelate  and  o-Cyanohemyl 
C'hloride.^-The  main  object  of  investigating  this  condensation  was  to 
compare  the  derivatives  of  a-hydrindone  with  those  of  /?-hydrindone  in 
order  to  ascertain  whether  the  phenomenon  of  "  steric  inhibition  " 
which  was  so  marked  in  the  case  of  the  )8-compound  substituted  in 
the  a-position  applied  also  to  the  a-compound  substituted  in  the 
)8-position. 

It  has  been  found  as  regards  the  derivatives  of  )8-hydrindone  and  its 
imino-derivative  (Trans.,  1908,  93,  165),  that  the  presence  of  certain 
groups  on  the  a-carbon  atom  causes  the  compounds  to  react  as  true 
amino-derivatives,  whereas  certain  other  groups  on  this  carbon  atom 
cause  the  imino-form  to  be  stable,  and  that  this  occurs  irrespective  of 
the  acidity  of  the  groups  which  we  have  hitherto  shown  to  be  the 
determining  factor  in  deciding  the  amino-  or  imino-structure  of  a 
compound  of  this  type.  Thus  the  compound  of  formula  (Xllla) 
evidently  had  the  imino-structure,  or  rather  exhibited  amino-imino- 
tautomerism  with  a  long  imino-phase,  whereas  when  the  cyano-group 
was  displaced  by  the  less  negative  carbethoxyl  group,  the  compound, 
instead  of  showing  amino-imino-tautomerism  with  a  longer  imino- 
phase,  as  it  should  have  done,  behaved  as  a  true  amino-compound 
of  formula  (XIV)  : 

(Xllla.)  (XIV.) 

It  seemed  of  interest  therefore  to  compare  the  corresponding  deriv- 
atives of  a-iminohydrindene  of  formulae  (XV)  and  (XVI) 

C,H,<^'(jNJ?2>CH-CN  C«H,<^'(^^ii^CH-CO,Et 

(XV.)  (XVI.) 

in  order  that  a  direct  comparison  might  be  made  between  the  two 
series. 

The    condensation    of    o-cyanol)enzyl    chloride    with    the     sodium 

7  I  2 


2268  MITCHELL   AND  THORPE:   THE   FORMATION   AND 

compound  of  ethyl  cyanoacetate,  if  carried  out  in  the  usual  way,  leads 
to  the  formation  of  the  compound 

CN-C3H4-CH2-C(CN)(C02Et)-CH2-C6H4-CN 
to  the  extent  of  80  per  cent,  of  the  theoretical  amount,  and  only  a 
small  quantity  of  ethyl  l-imino-2-cyanohydrindene  (XV)  is  produced. 
If,  however,  the  precaution  is  taken  of  adding  an  alcoholic  solution 
of  the  sodium  salt  of  ethyl  cyanoacetate  to  a  hot  alcoholic  solution 
of  o-cyanobenzyl  chloride,  a  considerable  yield  of  the  normal  condensa- 
tion product  (XVII)  can  be  obtained,  and  this  substance  on  treatment 
with  sodium  ethoxide  passes  at  once  into  l-imino-2-cyanohydrindene 
and  ethyl  carbonate  in  accordance  with  the  scheme  : 

<^6H4<Qjj  .cH(0N)-C02Et  +  ^*^^  ~^ 

(XVIL) 

CeH,<^(l-^^^>CH'CN  +  C0(0Et)2. 


^CH2 

A  comparison  of  2-imino-l-cyanohydrindene  (XIII)  with  1-imino- 
2-cyanohydrindene  (XV)  showed  that  these  compounds  did  not  possess 
anyessential  points  of  difference  beyond  what  was  to  be  expected  from 
their  structure.  Thus  the  imino-group  of  l-imino-2-cyanohydrindene 
is  between  the  negative  phenylene  group  and  the  nitrile  group, 
whereas  in  the  case  of  2-imino-l-cyanohydrindene  the  negative 
influence  of  the  phenylene  group  would  be  less  pronounced.  Conse- 
quently it  might  be  anticipated  that  whilst  both  compounds  would 
be  tautomeric  amino-imino-compounds,  the  1-imino-derivative  would 
possess  a  longer  amino-phase  than  the  2-imino-derivative. 

This  anticipation  is  borne  out  by  the  experimental  facts,  for 
whereas  l-imino-2-cyanohydrindene,  with  its  long  amino-phase,  dis- 
solves readily  in  concentrated  hydrochloric  acid,  forming  a  salt  which, 
on  the  addition  of  water,  is  dissociated  regenerating  the  amino-compound 
mixed  with  only  a  small  quantity  of  the  corresponding  ketone,  2-imino- 
l-cyanohydrindene  does  not  dissolve  in  concentrated  hydrochloric  acid, 
but  when  warmed  with  the  acid  is  converted  almost  completely  into 
the  ketone.  In  other  words,  the  rate  of  hydrolysis  of  the  2-imino- 
derivative  is  very  much  quicker  than  that  of  the  1-imino-derivative. 

The  two  compounds  therefore  serve  as  admirable  examples  of  the 
influence  of  negative  groups  on  the  predominance  of  the  amino-  or 
imino-phase  in  compounds  exhibiting  amino-imino-tautomerism. 

"When  the  two  carboxylic  esters  of  formulae  (XVIII)  and  (XIX) 

CeH,<^(^^J!i>C-C02Et    and     C,H,<:^g(5^£^C:NH 

(XVIII.)  (XIX.) 

are  compared,  a  marked  difference  is  at  once  apparent. 

It  has    been   ah-eady  shown    that    ethyl  2-iminohydrindene-l  cnrb- 
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oxylate  (XIX)  is  a  true  amino-compound,  which  can  be  hydrolysed 
to  the  corresponding  acid  by  means  of  hydrochloric  acid  without  the 
nitrogen  group  being  afEected.  Subsequent  experiments  showed  that 
this  behaviour  was  exhibited  by  other  compounds  having  groups  of 
large  molecular  volume  attached  to  the  1 -carbon  atom,  and  hence  it 
was  suggested  that  the  presence  of  a  group  of  more  than  a  certain 
volume  did  not  permit  of  the  attachment  of  the  hydrogen  atom  to  the 
1 -carbon  atom.  In  other  words,  the  compound  ceased,  under  these 
conditions,  to  react  in  one  of  its  tautomeric  forms. 

The  examination  of  the  behaviour  of  ethyl  1-iminohydrindene- 
2-carboxylate  (XVIII)  under  similar  conditions  showed  that,  although 
the  substitution  of  the  carbethoxyl  group  for  the  nitrile  group 
increased  the  amino-phase  of  the  compound,  that  is  to  say,  increased 
the  length  of  time  required  for  the  hydrolysis  of  the  compound  to  the 
ketone,  yet  it  still  exhibited  well-de6ned  amino-imino-tautomerism,  and 
its  hydrolysis  to  the  ketone  by  acids  was  always  completely  effected. 
It  is,  of  course,  evident  that  as  the  carbethoxy -group  possesses  less 
negative  properties  than  the  nitrile  group,  the  reverse  should  be  the 
case,  and  it  therefore  follows  that  there  must  be  a  certain  degree 
of  steric  hindrance  attaching  to  the  1-carbon  atom,  but  to  a  very  much 
less  extent  than  to  the  2-carbon  atom.  An  explanation  of  this  fact 
is  afforded  by  the  consideration  that  the  1-carbon  atom  of  ethyl 
2-iminohydrindene-l-carboxylate  is  attached  to  both  the  phenylene 
group  and  the  carbethoxyl  group,  whereas  the  2-carbon  atom  of  ethyl 
l-iminohydrindene-2-carboxylate  has  only  the  carbethoxyl  attached 
to  it. 

When  the  oxygen  derivatives  (XX)  and  (XXI)  are  compared,  certain 
points  of  difference  are  also  observed.     Thus  it  has|  been  shown  that 

CeH,<gg^>CH-CN  C«H,<^g(^>CO 

(XX.)  (^XI.) 

l-cyano-2-hydrindone  (XXI)  yields  a  methoxy-derivative  (XXII)  when 
alkylated  by  the  usual  etherifying  agents,  but  that  when  methylated 

C,H.<^gI^>C-OMe  0,H,<CM^(2.N)>C0 

(XXII.)  (xxiii.) 

(XXIV.) 
by  means  of  sodium  methoxide  and  methyl  iodide  it  yields  the  C-methyl 
derivative  (XXIII).  With  2-cyano-lhydrindone  (XX)  the  increased 
negative  character  of  the  compound  due  to  the  proximity  of  the 
phenylene  group  is  apparent,  and  the  action  of  sodium  methoxide 
and  methyl  iodide  leads  to  the  formation  of  the  methoxy-derivative 
(XXIV)  only. 
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As  considerable  quantities  of  the  compounds  containing  two 
equivalents  of  o-cyanobenzyl  chloride  had  accumulated  during  the 
preparation  of  the  simpler  products  formed  in  these  condensations,  we 
investigated  their  properties.  The  cyano-derivative  (XXV)  formed 
in  the  ethyl  cyanoacetate  condensation  is  readily  hydrolysed  by  dilute 
alkali,  yielding  an  alkali  salt,  from  which  the  acid  (XXVI)  is  obtained 
by  the  action  of  mineral  acids.     When  heated  at  180°,  this  substance 

CN-CgH4-CH2-C(CN)(C02Et)-CH,-C6H^-CN 
(XXV.) 

CN-06H^-CH2-C(CN)(C02H)-OH2-C,,H4-CN 
(XXVL) 
CN'CcH4-CH2-CH{CN)-CH,-C6H4-ON 
(xxvn.) 

C02H-C6H4-CH2-CH(C02H)-CH2-CeH4-C02H 
(XXVIIL) 

eliminates  carbon  dioxide  and  passes  into  the  trinitrile  (XXVII), 
When  completely  hydrolysed,  the  nitrile  is  converted  into  the  tri- 
carboxylic acid  (XXVIII),  a  compound  which  is  identical  with  that 
formed  by  the  complete  hydrolysis  of  the  condensation  products 
(XXIX)  and  (XXX)  formed  in  the  ethyl  malonate  and  ethyl  aceto- 
acetate  condensations  respectively.  The  constitution  of  these  more 
complex  compounds  is  therefore  clearly  established. 

C]Sr-C6H4-CH2-C(C02Et)2-CH2-C6H4'CN 
(XXIX.) 

CN-C6H4-CH2-CAc(C02Et)-CH2-C6H^-CN 

(XXX.) 

Experimental. 

Ethyl  o-Cyanohenzylmalonate,  CN'CgH^-CIl2-CH(C02Et)2. 
This  substance  can  be  prepared  in  quantity  by  the  condensation  of 
ethyl  sodiomalonate  with  o-cyanobenzyl  chloride  if  care  is  taken  not  to 
have  free  sodium  ethoxide  present  at  any  time  during  the  course  of 
the  condensation.     In  order  to  effect  this,  it  is  necessary  to  add  an 
alcoholic  solution  of  the  sodium  compound  of  ethyl  malonate  to  a  hot^ 
alcoholic  solution    of    the    chloride,   that   is   to   say,   in    the  reverse] 
manner  to  that   usually  adopted   in  these  condensations.     The  con-| 
ditions  found  most  favourable  were  as  follows  :   2-2  grams  of  sodium 
were  dissolved  in  50  c.c.  of  alcohol  and  mixed  with  16  grams  of  ethyl  I 
malonate,  the  warm  solution  being  then  slowly  added  to  a  hot  solution 
of    15  grams   of   o-cyanobenzyl    chloride    dissolved    in   the   requisite 
amount  of  alcohol.     The  reaction  was  allowed  to  proceed  by  its  ownj 
heat,  and  was  completed  by  heating  on  the  water-bath  for  five  minutes,! 
when  the  solution  was  found  to  be  neutral.     Water  was  then  added,! 
and  the  alcohol  and  unchanged  ethyl  malonate  separated  by  distillation 
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in  a  current  of  steam,  the  heavy,  non-volatile  oil  being  subsequently 
extracted  by  ether.  The  residue  which  remained  after  evaporating  the 
ether  yielded  a  large  fraction,  boiling  at  213°/20  mm.,  consisting  of  a 
viscid,  colourless  oil : 

0-1958  gave  04722  COg  and  0-1080  HjO.     C  =  65-77  ;  H  =  6-13. 
CjjHj-O^N  requires  C  =  65-4  ;  H  =  6-2  per  cent. 

The  ethyl  salt  is  unchanged  by  cold  concentrated  hydrochloric  acid, 
and  its  open-chain  structure  is  proved  by  the  fact  that  when  boiled  for 
a  long  time  with  dilute  sulphuric  acid,  it  is  slowly  hydrolysed,  and  the 
solution  on  cooling  deposits  a  crystalline  acid,  which,  when  recrystal- 
lised  from  water,  yields  long  needles,  melting  at  166°.  (Found, 
C  =  61-72;  H  =  5-3.     Calc,  C  =  61-8  ;  H  =  52  per  cent.) 

The  acid  is  therefore  o-carboxy-^-phenylpropionic  acid, 
COoH-CeH^-CHj-CHj-CO^H. 

During  the  fractionation  of  ethyl  o-cyanobenzylmalonate  a  small 
quantity  of  lower  boiling  material  was  obtained,  which  solidified  after 
some  time,  and,  on  examination,  proved  to  be  ethyl  1-iminohydrindene- 
2-carboxylate  (see  p.  2273).  There  was  also  a  small  amount  of  higher 
fraction  boiling  at  about  300°  20  mm.,  which  also  solidified,  and  proved 
on  investigation  to  be  ethyl  di-o-cyanobenzylmalonate  (see  p.  2280). 

Ethyl  \-Iminohydrinden^2-carhoxylate,  CeHj<p^^^^>CH-COoEt. 


This  substance  may  be  prepared  in  one  of  two  ways,  namely  : 

( 1 )  By  the  Action  of  Alcoholic  Sodium  Elfioxide  on  Ethyl  o-Cyanobenzyl- 
maionate. — This  method,  which  gives  a  quantitative  yield  of  the  imino- 
compound,  can  be  carried  out  as  follows  :  10  grams  of  the  ethyl  salt 
are  diluted  with  twice  its  volume  of  alcohol,  and  1  c.c.  of  a  solution  of 
1  gram  of  sodium  in  12  c.c.  of  alcohol  is  added.  The  solution,  which 
becomes  appreciably  warm,  is  kept  for  fifteen  minutes,  when  it  is 
warmed  on  the  water-bath  for  five  minutes  and  then  poured  into  an 
equal  volume  of  water.  The  crystals  which  separate  are  then 
collected  and  recrystallised  from  dilute  alcohol. 

The  mother  liquor  from  the  crystals  was  extracted  with  ether,  and 
the  residue,  after  evaporating  the  ether,  carefully  fractionated  under 
the  ordinary  pressure.  A  fraction  boiling  at  126 — 127°  was  ulti- 
mately obtained,  which  analysis  showed  to  be  ethyl  carbonate. 
(Found,  C  =  50-65  ;  H  =  86.     Calc,  C  =  508  ;  H  =  85  per  cent.) 

(2)  By  the  Direct  Condensation  of  Ethyl  Sodioitialonate  and  o-Cyano- 
benzyl  Chloride. — This  method  was  that  used  by  Gabriel  and  Hausmann, 
but  under  the  conditions  employed  by  them,  we  find  that  the  greater 
portion  of  the  product  consists  of  ethyl  di-o-cyanobenzylmalonate,  and 
only  a  small  yield  of  the  imino-compound  can  be  obtained.     It  is  men- 
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tioned  later  (p.  2279)  that  the  best  method  for  preparing  this  imino- 
compound  in  quantity  is  by  employing  the  sodium  compound  of  ethyl 
acetosicetate  instead  of  ethyl  sodiomalonate  in  the  condensation,  because 
in  that  case  very  little  of  the  di-derivative  is  formed.  A  good  yield  of 
the  imino-com pound  can,  however,  be  obtained  from  ethyl  malonate  if 
the  conditions  described  in  the  preparation  of  ethyl  o-cyanobenzyl- 
malonate  (p.  2270)  are  closely  followed,  and,  as  soon  as  the  con- 
densation mixture  has  become  neutral,  a  small  quantity  of  alcoholic 
sodium  ethoxide  is  added,  and  the  heating  continued  for  five  minutes 
longer.  When  the  product  obtained  in  this  way  is  poured  into  water,  it 
will  be  found  that  the  whole  of  the  dicarboxylic  ester  has  been  con- 
verted into  the  imino-compound  and  ethyl  carbonate,  and  that  it  will 
deposit  a  large  quantity  of  oil  which  will  solidify  on  scratching.  This 
solid,  which  consists  of  the  imino-compound  mixed  with  some  ethyl 
di-o-cyanobenzylmalonate,  can  be  separated  by  the  method  used  by 
Gabriel  and  Hausmann,  that  is,  by  dissolving  the  imino-compound  in 
concentrated  hydrochloric  acid  and  filtering  the  solution  from  the 
undissolved  di-derivative.  On  diluting  the  filtrate,  a  certain  amount 
of  the  imino-compound  separates  in  the  crystalline  form,  but  the 
separation  is  by  no  means  complete,  as  the  substance  is  appreciably 
soluble  in  dilute  hydrochloric  acid.  In  order  to  obtain  the  whole 
amount,  it  is  necessary  to  extract  the  diluted  acid  solution  with  ether. 
Ethyl  l-iminohydrindene-l-carboxylate  crystallises  from  dilute 
alcohol  in  colourless  needles,  which  melt  at  98°.  It  gives  no  coloration 
with  ferric  chloride : 

01923  gave  04970  COg  and  0-1060  HgO.     0  =  7049;  H  =  6'10. 
OigHjgOjN  requires  0  =  70*9  ;  H  =  6-4  per  cent. 

The  mother  liquor  from  the  recrystallisation  of  the  imino-compound 
gives  an  intense  blue  coloration  with  ferric  chloride,  showing  that  the 
treatment  with  hydrochloric  acid  had  converted  some  of  it  into  the 
corresponding  ketone.  When  treated  in  hot  acetic  acid  solution  with 
phenylhydrazine  acetate  it  yields  the  same  hydrazone,  melting  at 
101 '5°,  as  that- derived  from  the  ketone  (p.  2273),  It  is  insoluble  in 
aqueous  potassium  hydroxide,  and  is  only  slowly  hydrolysed  on  boiling 
with  this  reagent. 

Action  of  Nitrous  Acid. — When  the  imino-compound  is  dissolved  in 
concentrated  hydrochloric  acid  and  mixed  when  very  cold  with  excess 
of  sodium  nitrite  solution,  an  oil  is  precipitated  which  solidifies  after 
.some  time.  When  this  substance  is  recrystallised  from  alcohol,  it  is 
obtained  in  brilliant  yellow  leaflets,  which  melt  at  163°  with  vigorous 
decomposition  and  charring.     Analysis  points  to  the  formula 

NO-0,H3<^(^^^.>>OH-C02Et, 
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but  the  position  of  the  nitroso-group  in  the  ring  is  uncertain : 
0-1765  gave  03559  CO.,  and  00632  HgO.     0  =  5499  ;  H-3-95. 
OjoHjoOgNo  requires  0  =  55-0 ;  H  =  3-8  per  cent. 

Ethyl  \-Hydrindone-'2-carhoxylate,  OgH^<[QTj /^OH-COgEt, 

Ethyl  l-iminohydrindone-2-carboxylat-e  is  only  very  slightly  changed 
when  its  solution  in  concentrated  hydrochloric  acid  is  poured  into 
boiling  water,  conditions  which  completely  hydrolyse  the  corresponding 
nitrile  to  the  ketone  (see  p.  2277).  The  hydrolysis  can,  however,  be 
completely  effected  in  the  following  manner :  Ten  grams  of  the  imino- 
compound  are  dissolved  in  50  c.c.  of  alcohol,  and  rather  more  than  the 
calculated  quantity  of  concentrated  hydrochloric  acid  is  added.  The 
solution  is  then  boiled  for  three  minutes,  during  which  time  a  large 
quantity  of  ammonium  chloride  separates.  It  is  then  cooled  and 
mixed  with  a  large  volume  of  water,  when  a  heavy  oil  is  deposited, 
which  is  extracted  by  ether.  The  ethereal  solution,  when  freed  from 
impurities  by  washing  first  with  water  and  then  with  sodium  carbonate 
solution,  leaves,  on  evaporation,  an  oil  which  distils  at  185°/20  mm.  as 
a  viscid,  colourless  liquid.  The  distillation  can  only  be  accomplished 
with  email  quantities,  otherwise  rapid  decomposition  ensues  : 

0-2169  gave  05593  OO2  and  01168  H.^.     C  =  70-33j  H  =  5-98. 
OjgHjgOg  requires  C  =  70"6  ;  H  =  5"9  per  cent. 

Ethyl  \-hydrindone-1-carhoxylate  gives  in  alcoholic  solution  an  intense 
blue  coloration  with  ferric  chloride.  It  is  soluble  in  dilute  aqueous 
potassium  hydroxide  and  in  cold  alkaline  carbonate  solutions,  but  it 
cannot  be  extracted  from  its  solution  in  ether  by  shaking  with  these 
reagents.  When  excess  of  aqueous  potassium  hydroxide  is  added  to  a 
solution  of  the  ketone  in  the  dilute  alkali,  a  sparingly  soluble  potassiwn 
salt  separates.  When  freshly  precipitated,  this  salt  is  readily  soluble 
in  both  ethyl  and  metbyl  alcohol,  but  if  the  solution  in  either  of  these 
solvents  is  kept,  colourless,  silky  needles  separate,  which  are  very 
sparingly  soluble  in  hot  alcohol : 

0-3192  gave  01 127  KjSO^.     K  =  15-83. 

CjjHuOjK  requires  K  =  161  per  cent. 

It  is  probable  that  the  salt  when  first  precipitated  contains  water  of 
crystallisation,  although  no  satisfactory  analysis  could  be  made  of  the 
hyd rated  product. 

The  phenylhydrazone,  OjgHjgOjNj,  is  formed  when  either  the  ketone 
or  the  imino-compound,  dissolved  in  glacial  acetic  acid,  is  mixed  with  a 
solution  of  phenylhydrazine  acetate  and  boiled.  It  separates  as  an  oil 
on  dilution,  and  solidifies  on  scratching.  When  recrystallised  from 
alcohol,  it  forms  pale  yellow  needles,  which  melt  at  1015°: 
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01861  gave  05001  COg  and  0-1036  HgO.     0  =  73-30  ;  H  =  6-13. 

Ci8lli8^2^2  requires  0  =  735;  H  =  6-l  per  cent. 
The  semicarbazone,  O^gH^jOgNg,  is  precipitated  when  a  solution  of 
the  ketone  in  dilute  alcohol  is  mixed  with  an  aqueous  solution    of 
semicarbazide  acetate.    It  crystallises  from  dilute  acetic  acid  in  slender 
needles,  which  melt  and  char  at  200° : 

0-1445  gave  03161  COg  and  00756  HgO.     0  =  59-66  ;  H  =  5-81. 
CjgHjgOgNj  requires  0  =  59-8  ;  H  =  5-8  per  cent. 

\-Hydrindone-2-carhanilide,    OgH4<^p,^J^CH'00"NHPh,  is  formed 

when  the  ethyl  salt  is  boiled  with  an  equal  volume  of  aniline  for  five 
minutes  and  the  solution  is  poured  into  dilute  hydrochloric  acid.  It 
crystallises  from  alcohol  in  colourless,  lustrous  plates,  which  melt 
at  177°  : 

0-1560  gave  0-4369  OOg  and  0-0754  H2O.     0  =  76-38;  H  =  5-37, 
CjgHjgOgN  requires  0  =  76*5  ;  H  =  5-2  per  cent. 

a-Hydrindone. 

This  ketone  is  most  conveniently  prepared  by  passing  a  current  of 
steam  through  ethyl  l-hydrindone-2-carboxylate  or  the  imino-compound 
suspended  in  boiling  10  per  cent,  sulphuric  acid.  The  ketone  passes 
over  with  the  steam,  and  solidifies  in  the  receiver.  It  melted  at  41°, 
and  was  characterised  by  conversion  into  the  semicarbazone  melting  at 
237°.  The  formation  of  anhydro-bishydrindene  was  not  observed,  the 
yield  of  the  ketone  being  practically  quantitative. 

Ethyl  d-Methi/l-l-hydrindone-2-cctrboxylate, 
CeH,<g™!>0H-002Et. 

This  compound  may  be  prepared  in  the  following  way :  Eight 
grams  of  ethyl  l-hydrindone-2-carboxylate  are  added  to  a  solution 
containing  1  gram  of  sodium  dissolved  in  20  c.c.  of  alcohol,  when  a 
copious  precipitation  of  the  sodium  salt  takes  place.  Excess  of  methyl 
iodide  is  then  added,  and  the  mixture  is  heated  on  the  water-bath 
until  the  sodium  compound,  which  is  practically  insoluble  in  hot 
alcohol,  has  all  passed  into  solution.  The  product  is  then  freed  from 
alcohol  by  evaporation  on  the  water-bath,  diluted  with  water,  and  the 
oil  which  is  then  precipitated  is  extracted  by  ether.  The  ethereal 
extract,  after  being  washed  with  sodium  carbonate  solution,  is  dried 
and  evaporated,  when  it  leaves  an  oil  which  distils  at  181°/20  mm.  as  a 
moderately  viscid,  colourless  liquid  : 

01848  gave  0-4817  OO2  and  01848  H2O.     0  =  7109;  H  =  670. 
OigHi^Og  requires  0-71-6  ;  H  =  6-4  per  cent. 


i 
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Ethyl  3-i)iethyl-l-hi/drindone-2-carboxylate  is  insoluble  in  aqueous 
potassium  hydroxide,  and  gives  no  coloration  in  alcoholic  solution 
with  ferric  chloride. 

The  semicarbazone,  Cj^Hj^OgNg,  is  precipitated  when  a  solution  of 
the  ketone  in  dilute  alcohol  is  mixed  with  an  aqueous  solution  of 
semicarbazide  acetate.  It  separates  from  dilute  methyl  alcohol  in 
clusters  of  small  needles,  which  melt  at  150° : 

01692  gave  03794  CO2  and  00956  H2O.     0  =  61-14;  H  =  6-28. 
Cj^HjyOgNg  requires  C  =  61*l;  H  =  6*2  per  cent. 

Z-MeihylA-hydHndone,  CgH^<CpQ     ^>CHg. 

This  substance  is  formed  when  ethyl  3-methyl-l-hydrindone-2- 
carboxylate,  suspended  in  20  per  cent,  sulphuric  acid,  is  treated  with 
a  current  of  steam.  The  ketone,  as  it  is  formed,  passes  over  with  the 
steam,  and  can  be  obtained  as  a  colourless  liquid,  boiling  at  250°/ 
756  mm.,  on  extracting  the  distillate  with  ether : 

0-1693  gave  051 18  CO.2  and  01080  B.^0.     0  =  8246  ;  H  =  7-01. 
CioHjoO  requires  0  =  82-2  ;  H  =  6-8  per  cent. 

The  phenylhydrazone,  O^gH^gNj,  separates  as  an  oil,  which  solidifies 
on  scratching,  when  a  hot  solution  of  the  ketone  in  dilute  acetic  acid 
is  mixed  with  a  hot  solution  of  phenylhydrazine  acetate.  It 
crystallises  from  dilute  alcohol  in  glistening  yellow  plates,  melting 
at  95° : 

0-1684  gave  05025  OO2  and  0-1035  HjO.     0  =  81-27  ;  H  =  6-69. 
OjgHjgNg  requires  0  =  814;  H  =  6-8  per  cent. 

The  semicarbazone,  Oj^Hj^ONg,  prepared  in  the  usual  way, 
crystallises  from  dilute  alcohol  in  slender  needles,  melting  at  190° : 

0-1049  gave  0-2493  OO2  and  00614  HjO.     0  =  6481 ;  H  =  650. 
OjiHjgON,  requires  0  =  650;  H  =  6-4  per  cent. 

Ethyl  a-o-Dicyano-fi-phenylpropionate,  ON'0«H^-OH2-OH{ON)'002Et. 

— The  condensation  of  o-cyanobenzyl  chloride  with  the  sodium 
compound  of  ethyl  cyanoacetate,  if  carried  out  in  the  usual  manner, 
yields  very  little  of  the  above  product  or  of  ethyl  l-imino-2-cyano- 
hydrindene,  the  chief  compound  formed  being  ethyl  a-oo-tricyano-)3)8'- 
diphenylt«obutyrate,  which  is  produced  to  the  extent  of  about  80  per 
cent,  of  the  theoretical  quantity.  If,  however,  the  condensation  is 
effected  in  the  following  manner,  a  good  yield  of  the  normal  product 
can  be  obtained  :  Two  grams  of  sodium  are  dissolved  in  50  c.c.  of 
alcohol,  and  103  grams  of  ethyl  cyanoacetate  are  added,  the  solution 
being   kept  warm   in    order  to  prevent  the  sodium  compound  from 
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caking.  The  hot  sodium  compound  is  then  added  to  a  hot  solution  of 
13-5  grams  of  o-cyanobenzyl  chloride  in  20  c.c.  of  alcohol,  and  the 
mixture  kept  hot  until  the  reaction  is  finished.  The  bulk  of  the 
alcohol  is  then  distilled  off,  and  the  residue  diluted  with  water,  when 
an  oil  separates  which  becomes  partly  solid.  On  extracting  with 
ether,  the  solid,  which  was  found  to  be  ethyl  a-oo-tricyano-)8/3'-diphenyl- 
isobutyrate  (see  p.  2280),  remains  undissolved,  and  can  be  separated 
from  the  ethereal  solution  of  the  oil  by  filtration.  The  residue 
left  on  evaporating  the  dried  ethereal  extract  is  then  distilled  under 
diminished  pressure.  It  is  a  viscid,  colourless  liquid,  which  boils  at 
220720  mm. : 

0-1921  gave  0-4844  COg  and  0-0934  HgO.     C  =  68-77  ;  H  -  5-40. 
C^gHjgOgNg  requires  0  =  68-9  ;  H  =  5'3  per  cent. 

Ethyl  a-o-dicyano-fi-p/ienylp'opionate  does  not  dissolve  in  cold 
concentrated  hydrochloric  acid.  Its  structure  is  shown  by  the 
formation  of  o-carboxy-^-phenylpropionic  acid  from  it  on  complete 
hydrolysis  with  dilute  sulphuric  acid. 

l-Imino-2-cyanohydrindene,  OgH^"\plV i]]>CH'ON. 

This  substance  may  be  prepared  either  by  the  action  of  sodium 
ethoxide  on  ethyl  a-o-dicyano-jo-phenylpropionate,  or  by  the  direct 
condensation  of  o-cyanobenzyl  chloride  with  the  sodium  compound  of 
ethyl  cyanoacetate  in  the  presence  of  excess  of  sodium  ethoxide. 

(1)  From  Ethyl  a-o-Dicyano-P-phenylpropionate. — In  this  preparation 
10  grams  of  the  dicarboxylic  ester  are  dissolved  in  25  c.c.  of  alcohol, 
and  mixed  with  1  c.c.  of  a  solution  of  sodium  ethoxide  containing 
1  gram  of  sodium  dissolved  in  10  c.c.  of  alcohol.  The  solution,  which 
becomes  brown  in  colour,  is  then  warmed  on  the  water-bath  for  five 
minutes,  when  it  is  cooled  and  diluted  with  an  equal  volume  of  water. 
Crystals  separate  on  scratching,  which,  when  recrystallisecl  from 
benzene,  form  large  prisms,  melting  at  137°. 

The  mother  liquor  from  the  condensation,  when  extracted  by  ether, 
yields  a  residue  on  evaporating  the  solvent,  which  when  carefully 
fractionated  furnishes  a  considerable  amount  of  ethyl  carbonate, 
boiling  at  126°.  (Found,  0  =  50-58;  H  =  8-61.  Calc,  0  =  50-8; 
H  =  8-5  per  cent.) 

(2)  From  Ethyl  Sodiocyanoacetate  and  o-Cyanobenzyl  Chloride. — 
This  method  of  preparation  always  yields  the  imino-nitrile  mixed  with 
some  ethyl  a-oo-tricyano-yS^'-diphenyhsobutyrate,  from  which  it  cannot 
be  readily  separated.  If  the  ketone  is  required,  it  can  be  quickly 
isolated  pure  by  this  means,  because  it  is  only  necessary  to  treat  the 
mixture  with  hot  dilute  hydrochloric  acid,  extract  with  ether,  and 
shake  out  the  ketone  by  means  of  sodium  carbonate  solution,  in  order 
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to  obtain  the  pure  product  on  acidif  jdng  the  alkaline  extract.  Owing 
bo  the  ease  with  which  the  imino-compound  is  hydrolysed  to  the 
ketone  by  hydrochloric  acid,  it  is  not  advisable  to  separate  the 
mixture  by  the  aid  of  this  reagent.  Ultimately  the  following  process 
was  found  to  give  satisfactory  results. 

The  condensation  was  effected  in  the  same  manner  as  described  for 
ethyl  a-o-dicyano-/)-phenylpropionate  (see  p.  2275),  and  when  the 
reaction  was  finished  a  slight  excess  of  sodium  ethoxide  was  added 
and  the  heating  continued  for  fifteen  minutes.  Water  was  then  added, 
and  the  solid  which  separated  was  collected.  It  was  then  rubbed  with 
cold  methyl  alcohol,  filtered  from  the  undissolved  di-derivative,  and 
precipitated  from  the  methyl-alcoholic  solution  by  the  addition  of 
water. 

After  this  process  had  been  repeated  twice,  the  dried  product  was 
recrystallised  from  benzene,  when  it  was  obtained  in  large  prisms, 
melting  at  137°: 

0-1898  gave  0-5346  CO,  and  0-0907  HgO.     0  =  7683;  H  =  5-31. 
C^QHgN,  requires  0  =  76  9  j  H  =  5'l  per  cent. 

\-Imino-2-cyanohydrindene  is  at  once  soluble  in  cold  concentrated 
hydrochloric  acid.  When  treated  in  hot  acetic  acid  solution  with 
a  solution  of  phenylhydrazine  acetate,  it  yields  the  same  hydrazone  as 
2-cyano-l-hydrindone  (see  p.  2278). 

2-Cyano-\-hydrind<me,    G^B.^<^£>CR'G^. 

This  compound  is  readily  prepared  from  l-imino-2-cyanohydrindene 
by  hydrolysis  with  dilute  hydrochloric  acid,  for  which  purpose  the 
following  conditions  were  found  to  give  the  best  results.  Ten  grams 
of  the  imino-compound  were  dissolved  in  concentrated  hydrochloric 
acid,  and  the  clear  solution  poured  into  twice  its  volume  of  boiling 
water,  the  solution  being  cooled  as  quickly  as  possible  after  the 
addition  of  the  acid.  An  oil  separated,  which  was  extracted  by  ether, 
the  ethereal  extract  being  shaken  with  dilute  sodium  carbonate 
solution.  The  alkaline  extract  was  then  acidified,  when  an  oil  was 
precipitated  which  solidified  on  scratching.  When  collected  and 
recrystallised  from  dilute  alcohol,  it  formed  small,  colourless  needles, 
melting  at  73° : 

0-1738  gave  0-4845  OOj  and  007 12  HjO.     0  =  7603  ;  H  =  455. 
O10H7ON  requires  0 ^ 76*4  ;  H  =  45  per  cent. 

2-Cyano-l-hydrindone  is  readily  soluble  in  dilute  alkaline  carbonate 
tolutions.  When  dissolved  in  dilute  aqueous  potassium  hydroxide,  the 
pota$$ium  salt  separates  on  the  addition  of  excess  of  the  alkali.  The 
ketone  gives  a  green  coloration  in  alcoholic  solution  with  ferric  chloride. 
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The  phenylhydrazone,  C^gHjgNg,  is  precipitated  when  a  solution 
of  the  ketone  in  dilute  acetic  acid  is  warmed  with  a  solution  of  phenyl- 
hydrazine  acetate.  It  separates  from  alcohol  in  pale  yellow  needles, 
melting  at  160°: 

0-1797  gave  0-5110  COg  and  0-0851  HgO.     C  =  77-55  ;  H  =  5-26. 
CigHjgNg  requires  0  =  77-7  ;  H  =  5-3  per  cent. 

The  0-henzoyl  derivative,  C^p^H^jOgN,  can  be  prepared  in  small  yield 
by  the  Schotten-Baumann  method.  It  crystallises  from  alcohol  in 
long,  colourless  needles,  melting  at  101-5°: 

01355  gave  0-3884  CO^  and  0500  .H2O.     0  =  78-16  ;  H  =  4-10. 
Cj^Hj^OgN  requires  0  =  78-1  ;  H  =  4-2  per  cent. 

When  2-cyano-l-hydrindone  is  boiled  with  dilute  sulphuric  acid 
(10  per  cent.)  for  five  hours  and  the  product  is  distilled  in  a  current  of 
steam,  a-hydrindone  is  formed,  and  passes  over  with  the  steam. 


2-Cyano-3-methoxyindene,  OgH^^^pL-  __^^0*CN. 

The  above  methoxy-derivative  is  the  sole  product  of  the  methylation 
of  2-cyano-l-hydrindone  whether  the  alkylation  is  carried  out  by  means 
of  sodium  methoxide  and  methyl  iodide  or  whether  the  pure  potassium 
salt  is  used  for  the  purpose.  The  preparation  can  be  conveniently 
effected  as  follows :  The  potassium  salt  prepared  by  the  addition 
of  excess  of  potassium  hydroxide  to  a  solution  of  the  ketone  in  dilute 
alkali  is  purified  by  rubbing  with  cold  ethyl  alcohol,  and  is  then 
suspended  in  methyl  alcohol  and  treated  with  excess  of  methyl  iodide. 
The  mixture  is  heated  on  the  water-bath  until  all  the  salt  has  passed 
into  solution,  when  it  is  evaporated  on  the  water-bath  and  treated  with 
water.  The  oil  which  is  then  precipitated  is  extracted  with  ether,  and 
the  ethereal  extract  dried  and  evaporated.  The  residue  distils  at 
185°/20  mm.  as  a  clear,  colourless  oil,  which  is  quite  insoluble  in  cold 
alkali : 

0-2013  gave  05691  COj  and  0  0978  H^O.     0  =  77-11  ;  H  =  5-4. 
C^iHgON  requires  0  =  772  ;  H  =  5-3  per  cent. 

The  methoxy-structure  of  the  compound  is  cleirly  shown  by  its 
behaviour  on  hydrolysis,  for  when  it  is  treated  with  warm  aqueous 
potassium  hydroxide  it  slowly  dissolves,  and  when  the  solution  is 
acidified  a  crystalline  substance  melting  at  73°  is  deposited.  This 
compound  was  shown  by  direct  comparison  to  be  identical  with 
2-cyano- 1  -hydrindone. 

Ethyl  o-Cyano-a-benzylacetoacetate,  CN'OflH^'CHj'CHAcCOgEt. 

The  conditions  employed  in  preparing  this  substance  were  as 
follows  :  21-7  Grams  of  ethyl  acetoacetate  were  added  to  an  alcoholic 
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solution  containing  3-5  grams  of  sodium,  and  the  mixture  slowly  added 
while  hot  to  a  hot  solution  of  25  grams  of  o-cyanobenzyl  chloride  in 
25  CO.  of  alcohol.  The  reaction  was  vigorous,  and  when  all  the  sodium 
compound  had  been  added,  the  product  was  found  to  give  a  neutral 
reaction.  The  greater  portion  of  the  alcohol  was  then  distilled  off  and 
the  residue  mixed  with  water,  when  an  oil  separated,  which  was 
extracted  by  ether.  The  product  obtained,  after  evaporating  the  dried 
ethereal  solution,  boiled  at  210°/20  mm.,  forming  a  viscid,  colourless 
liquid : 

0-1972  gave  0-4947  CO2  and  01100  B^O.     C  =  68-47;  H  =  6-19. 
Ci^Hi^OgN  requires  C  =  68-6  ;  H  =  6-l  per  cent. 

Ethyl  o-cyanoa-henzylacetoaceiate  is  not  affected  by  cold  concentrated 
hydrochloric  acid,  and  on  complete  hydrolysis  with  dilute  sulphuric 
acid  yields  o-carboxy-)8-phenylpropionic  acid. 

The   Transformation  of   Ethyl  o-Cyano-a-henzylacetoacetate  into  Ethyl 
l-Iminohydrindene-2-carboxylate. 

This  conversion  was  effected  by  the  action  of  sodium  ethoxide  in  the 
following  manner :  Ten  grams  of  the  ester  were  dissolved  in  alcohol, 
treated  with  1  c.c.  of  a  10  per  cent,  solution  of  sodium  ethoxide 
in  alcohol,  and  then  warmed  on  the  water-bath  for  fifteen  minutes. 
At  the  end  of  this  time  the  solution,  which  had  a  strong  odour  of 
ethyl  acetate,  was  mixed  with  water,  and  the  solid  which  then 
separated  was  filtered.  When  recrystallised  from  dilute  alcohol 
it  was  melted  at  98°,  and  was  proved,  by  direct  comparison,  to  be 
identical  with  ethyl  l-iminohydrindene-2-carboxylate. 

The  aqueous  mother  liquor  from  the  condensation  was  saturated  with 
ammonium  sulphate  and  extracted  with  ether,  the  ethereal  extract 
being  washed  with  calcium  chloride  solution  to  remove  alcohol,  dried, 
and  fractionated.  The  fraction  boiling  at  78°  was  collected,  and  proved 
from  its  odour  and  analysis  to  be  ethyl  acetate.  (Found,  C  =  54-49  ; 
H  =  9-21.     Calc,  C-54-7;  H  =  9-l  percent.) 

When  ethyl  l-iminohydrindene-2-carboxylate  is  required  in  large 
quantities,  the  best  method  for  its  preparation  is  the  direct  condensa- 
tion of  ethyl  sodioacetoacetate  and  o-cyanobenzyl  chloride  in  the 
presence  of  a  slight  excess  of  sodium  ethoxide,  because  in  this 
condensation  the  formation  of  the  di-derivative  does  not  take  place  to 
any  appreciable  extent.  The  product  of  the  condensation,  which 
solidifies  on  pouring  into  water,  is  separated  in  a  pure  condition  by 
dissolving  in  concentrated  hydrochloric  acid,  filtering,  and  extracting 
the  filtrate  after  dilution  with  water  with  ether.  The  yield  of  ethyl 
l-iminohydrindene-2-carboxylate  under  these  conditions  is  80  percent, 
of  the  theoretical. 
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The  Di-0-cyanohenzyl  Derivatives  Formed  in  the  Foregoing 
Condensations. 

Ethyl  di-o-cyanobenzylmalonate,  (0]Sr-06H4-CH2)20(C02Et)2,  and 
ethyl  di-o-cyanobenzylacetoacetate,  (CN-C6H4-CH2)2CAc-C02Et,  ob- 
tained as  by-products  in  the  condensations  of  o-cyanobenzyl  chloride 
with  ethyl  sodiomalonate  and  ethyl  sodioacetoacetate  respectively, 
have  been-prepared  and  described  by  Gabriel  and  Hausmann  {loc.  cit.), 
but  they  were  not  further  investigated.  The  following  is  a  description 
of  the  products  which  these  compounds  yield  on  hydrolysis,  as  well  as 
of  those  derived  from  ethyl  a-oo-tricyano-/?^'-diphenyh'8obutyrate, 
which  has  not  been  prepared  before. 

Ethyl  a-oo-Tricyano-^^'-diphenylisobutyrate, 

(CN-C6H4-CH2)2C(CN)-C02Et. 

This  substance  is  obtained  as  a  by-product  in  the  condensation 
of  ethyl  sodiocyanoacetate  with  o-cyanobenzyl  chloride,  and  remains 
undissolved  after  the  imino-nitrile  has  been  separated  by  the  method 
described  on  page  2276.  It  separates  from  alcohol  in  small, 
colourless  needles,  melting  at  123°  : 

0-2121  gave  05695  OOg  and  01002  H2O.     G  =  7327  ;  H  =  5-25. 
C21HJ7O2N3  requires  0  =  735  ;  H  =  5*0  per  cent. 

The  ester  is  sparingly  soluble  in  ether. 

a-00- Tricyano-^^'-diphenyli&ohutyric  Acid, 
(GN-C6H4'GH2)2C(CN)-C02H. 

When  ethyl  a-oo-tricyano-)8)8'-diphenyh*«obutyrate  is  warmed  with 
aqueous  potassium  hydroxide,  it  passes  into  solution,  and  if,  when  all 
has  dissolved,  the  solution  is  cooled,  an  oily  potassium  salt  separates, 
which  dissolves  on  the  addition  of  more  water.  On  acidification,  the 
clear  solution  deposits  an  oil  which  solidifies  on  stirring,  and  the  solid 
can  then  be  recrystallised  from  hot  alcohol,  from  which  solvent  it 
separates  as  a  microcrystalline  powder  melting  at  175°  with  vigorous 
evolution  of  gas : 

0-1508  gave  0-3988  CO2  and  00569  H2O.     0-72-12;  H-4-18. 
^19^13^2^3  requires  0  =  72  4  ;  H  =  4-1  per  cent. 

oo-Dicyano-ft^-diphenylisobutyronitrile,  (CN'CjH4*CH2)2CH*CN. 

This  substance  is  formed  when  the  above  carboxylic  aeid  is  heated 
at  170°  in  a  bath  of  sulphuric  acid  until  all  carbon  dioxide  has  been 
•volved.     The  dark-coloured  residue  solidifies  on  being  rubbed  rwith 
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ether,  and  at  the  same  time  becomes  colourless.  It  may  be  further 
purified  by  recrystallisation  from  methyl  alcohol,  from  which  solvent  it 
separates  in  large,  flattened  needles,  melting  at  132 — 133": 

0-1733  gave  23-2  c.c.  Ng  at  18°  and  733  mm.     N=  15-3. 
CjgHjgNg  requires  N  =  155  per  cent. 

The  trinitrile  is  readily  soluble  in  hot  methyl  or  ethyl  alcohol  and 
in  hot  benzene.     It  is  sparingly  soluble  in  ether  or  light  petroleum. 

oo-Dicarboxy-^P -diphenyli&ohutyric  Acid, 
(C02H-C6H,-CH2)2Cff-C02H. 

This  acid  is  formed  by  the  ultimate  hydrolysis  of  the  di-o-cyanobenzyl 
derivatives  described  above. 

From  Ethyl  a-oo- Tricyano-fi^-dipfienyliaobutyrate. — The  ester  is 
dissolved  in  concentrated  sulphuric  acid,  and  water  is  added  until  the 
solution  just  remains  clear,  when  it  is  boiled  on  the  sand-bath  until  an 
oil  begins  to  separate.  More  water  is  then  added  until  the  solution 
is  clear,  when  it  is  again  heated  until  oil  begins  to  separate.  This 
process  is  continued  for  two  hours,  when  the  solution,  which  on  cooling 
deposits  large  quantities  of  oil,  is  extracted  by  ether.  When  the 
ethereal  extract  is  shaken  with  aqueous  sodium  carbonate  and  the 
alkaline  extract  acidified,  a  gummy  acid  is  precipitated,  which  readily 
solidifies  when  rubbed  with  methyl  alcohol,  and  crystallises  from 
dilute  alcohol  in  small  needles,  melting  at  210°. 

From  Ethyl  Di-o-cyanobenzyl malonate. — When  this  ester  is  boiled  with 
an  alcoholic  solution  containing  one  and  a-half  times  the  quantity  of 
potassium  hydroxide  calculated  for  complete  hydrolysis,  and  the  heat- 
ing is  continued  until  all  ammonia  has  apparently  been  given  off,  the 
solution  on  evaporating  and  acidifying  yields  a  resinous  acid.  When 
this  resin  is  extracted  by  ether,  a  large  quantity  of  crystalline  solid 
remains  undissolved  by  the  ether,  and  can  be  isolated  by  filtration. 
It  can  be  recrystallised  from  much  hot  water,  and  is  then  obtained  in 
small  needles,  melting  at  227°.  The  analysis  and  properties  of  this 
substance  showed  it  to  be  the  acid  diamide  of  the  formula 
(NH2-CX)-C6H,-CH2),CH-C02H : 

01820  gave  04430  COj  and  00942  HjO.     C  =  66-38  ;  H  =  5-76. 
CjgHjgO^Nj  requires  0  =  663  ;  H  =  5-5  per  cent. 

The  following  titration  was  also  made  :  0-2600  required  81  c.c.  of 
-V/lO-NaOH  for  neutralisation,  whereas  this  amount  of  a  monobasic 
acid,  CigHjgO^Nj,  requires  8-00  c.c. 

The  acid  diamide  when  boiled  for  some  time  with  excess  of  aqueous 

potassium  hydroxide  evolves  ammonia,  and  the  solution  on  ncidifying 

yields  a  gummy  acid,  which  soldifies  on  rubbing  with  alcohol.     When 

recrystallised  from  dilute  alcohol  it  forms  small  needles,  melting  at 
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210°,  which  are  identical  with  those  of  the  acid  prepared  from  ethyl 
a-oo-tricyano-;8^'-diphenyh'sobutyrate: 

0-1735  gave  0-4190  COg  and  0-0777  HgO.     0  =  65-86  ;  H  =  4-97. 
CigHigOg  requires  C  =  65-9  ;  H  =  4-9  per  cent. 

The  ethereal  solution  after  the  separation  of  the  above  acid  diamide 
yields  an  oily  residue  on  evaporation,  which  solidifies  when  rubbed 
with  alcohol.  It  crystallises  from  dilute  alcohol  in  yellow  prisms, 
which  melt  at  142°,  and  yields  a  semicarbazone  melting  at  256°.  We 
have  not  as  yet  succeeded  in  assigning  any  satisfactory  formulae  to 
these  substances. 

Some  of  the  expense  entailed  by  this  research  has  been  met  by 
grants  from  the  Government  Grant  Committee  of  the  Royal  Society, 
for  which  we  desire  to  express  our  indebtedness. 

The  Sorby  Research  Laboratory, 
The  University,  Sheffield. 


CCXXXIX. — Lead    Silicates    in    Relation    to    Pottery 
Manufacture.     Part   II. 

By  Sir  Edwaed  Thorpe  and  Charles  Simmonds. 

Some  years  ago,  in  connexion  with  the  question  of  lead  poisoning  in 
the  pottery  industry,  we  made  a  study  of  various  complex  lead  silicates 
employed  in  the  production  of  ceramic  glazes  (*'  Lead  Silicates  in 
Relation  to  Pottery  Manufacture,"  Trans.,  1901,  79,  792).  In 
particular,  we  showed  that  the  quantity  of  lead  which  could  be 
dissolved  from  a  silicate  by  dilute  acids  depended  primarily  on  the  type 
of  silicate.  Monosilicates  are  easily  attackable.  Polysilicates  and 
disilicates  are  but  slightly  so,  and  this  is  the  case  whether  they 
contain  little  or  much  lead.  We  further  showed  that  in  the  case 
of  the  polysilicates  and  disilicates,  as  ordinarily  prepared,  there  is 
frequently  a  small  quantity  of  an  easily  soluble  lead  compound  mixed 
with  the  bulk  ;  this  could  be  extracted  with  dilute  acid,  leaving  the 
residue  practically  unattackable  under  the  conditions  of  the  experi- 
ment. 

A  fairly  complete  summary  of  present  knowledge  of  lead  silicates 
and  glazes  in  respect  of  the  foregoing  properties  has  recently  been 
published  by  Beck,  Lowe,  and  Stegmiiller,*  who  have  studied  the  action 

*  "  Zur  Kenntniss  der  bleihaltigen  Glasuren  und  deren  Bleiabgabc  an  saure 
Flussigkeiten  "  (Arbeit.  K,  Otsundlieitsamte,  1910,  33,  No.  2). 
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of  acids  both  on  the  powdered  silicate  and  on  the  fused  glaze  as  it 

exists  on  the  finished  pottery  ware.     With  certain  modifications,  they 

have  repeated  our  experiments  ;    but   whereas  our  studies,  made  on 

silicates  in  actual  commercial  use,  were  of  necessity  chiefly  concerned 

with  the  complex  silicates,  containing  not  only  lead  but  other   bases. 

Beck,  Lowe,  and  Stegmiiller  have  adopted  what  in  some  respects  is  the 

better  plan  of  studying  first  the  simple  lead  silicates. 

The  results  they  obtain  lead,  however,  to  the  same  conclusions  as  our 

own.     Thus  the^  proportion  of  lead  oxide  dissolved  from  three  simple 

silicates  was  found  to  be  as  follows : 

PbO  dissolved  by  1  per  cent.  HNO3. 

, ' , 

PbO  present  Percentage  of 

Silicate  grams  Amount  total  PbO 

PbO,SiOj  1-529  1-52.5  99-7 

PbO,2SiOj 1-232  0-106  8-6 

PbO.SSiOo 1038  0-019  19 

That  is,  practically  all  the  lead  is    dissolved   from  the  monosilicate, 
but  a  relatively  small  quantity  only  from  the  disilicate  and   trisilicate. 

On  a  further  treatment  of  the  di-  and  tri-silicate  residues,  very  little 
additional  lead  was  extracted  (0-5  and  06  per  cent,  respectively). 
This  confirms  what  has  already  been  stated  (loc.  cit.,  p.  802). 

An  explanation  of  the  fact  that  a  single  treatment  with  acid  extracts 
substantially  the  whole  of  the  "soluble"  lead  from  the  di-  and  the  tri- 
silicates  is  suggested  by  the  German  authors.  At  the  temperature  of 
fusion  a  certain  amount  of  dissociation  may  occur ;  thus  the  disilicate 
PbSi205  may  partly  dissociate  into  PbO  +  23i0.2,  or  into  PbSiOg  +  SiOj, 
and  a  portion  of  these  components  may  remain  dissociated  when  the 
silicate  cools.  Since  both  lead  oxide  and  monosilicate  are  readily  soluble 
in  dilute  acid3,they  would,  if  the  silicate  were  sufficiently  finely  powdered, 
be  all  extracted  on  a  single  treatment  with  acid,  whilst  even  from  a 
relatively  coarse  powder  the  bulk  of  this  "  soluble "  lead  would  be 
removed. 

In  the  paper  quoted  we  give  a  table  (pp.  796 — 797)  illustrating  the 
fact  that  whether  a  lead  silicate  yields  much  soluble  lead  or  not 
depends  mainly  on  the  value  of  the  ratio  :  number  of  acidic  molecules 
number  of  basic  molecules.  Beck,  Lowe,  and  Stegmiiller  remark  that 
whilst  this  appears  capable  of  rendering  good  service  for  rapid  sorting- 
out  purposes,  it  givas  no  special  insight  into  the  effect  of  a  particular 
constituent  in  individual  cases.  They  note  that  the  effects  of  boric 
oxide  and  alumina  are  contrary  to  what  would  be  expected  from  the 
table,  and  suggest  that  the  possibility  of  the  formation  of  complex 
borosilicates  and  aluminosilicates  may  have  been  overlooked.  Also  they 
remark  that  the  possibility  of  alumina  acting  as  an  acidic  oxide  must 
not  be  excluded  {loc.  cit.^  p.  226). 
The  authors  in  question,  however,  have  quoted   the  table  from  a 
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Parliamentary  Paper  in  which  it  was  reproduced  ("Lead  Compounds 
in  Pottery,"  1901,  Cd.  679,  p.  26—27).  On  reference  to  the  original 
paper  already  referred  to  {loc.  cit.,  p.  799),  it  will  be  seen  that  the 
points  they  mention  had  not  been  lost  sight  of.  We  note  there  that 
•'  subsidiary  factors  may  exist  in  the  possible  different  states  of  com- 
bination in  which  alumina  and  boric  oxide  may  occur  in  the  silicate  "  ; 
and  we  also  say  "  it  is  conceivable  that  in  some  cases  the  alumina  may 
act  as  an  acid  constituent.  In  such  cases,  the  amount  of  lead  dissolved 
would  presumably  be  less  than  indicated  by  the  value  of  the  ratio." 
Further  on  we  briefly  discussed  the  influence  of  boric  oxide. 

These  views,  put  forward  tentatively,  were  arrived  at  from  a 
comparison  of  the  results  yielded  by  various  complex  silicates  of  very 
diverse  composition ;  but  it  was  recognised  that  the  best  way  of 
studying  the  matter  was  to  ascertain  the  effect  of  each  oxide  singly 
rather  than  to  deduce  it  from  such  comparisons. 

A  number  of  silicates  were  therefore  prepared  by  fusion  of  the 
ingredients  in  the  proportions  required  for  certain  polysilicates  and 
disilicates  of  definite  formulae.  These  silicates,  in  a  finely-powdered 
condition,  were  then  shaken  continuously  for  an  hour  with  1000 
times  their  weight  of  dilute  hydrochloric  acid  (0'25  per  cent.),  and  the 
quantity  of  lead  dissolved  was  determined  by  a  colorimetric  method 
depending  on  the  comparison  of  the  depth  of  tint  with  that  given  by 
known  quantities  of  freshly  produced  lead  sulphide. 

The  results  may  be  thus  stated  : 

(I.)  Infltience  of  Alumina. 

Polysilicates  Disilicates 


SiOa 

PbO 

ALO,  

(1) 

28-8 

71-2 

1000 

(2) 
35-1 
60-9 
4-0 

100-0 

(3) 

35-1 

64-9 

100-0 

(4) 
41-9 
.54-5 

3-6 

100-0 

PbO  dissolved 

25 

5 

5 

5  p. 

5  per  cent. 

No.  1  is  the  simple  lead  polysilicate  2PbO,3SiO2(  =  10PbO,15SiO2), 
and  No.  2  corresponds  with  the  complex  polysilicate 

7PbO,Al203,15Si02 ; 
thus  the  substitution  in  No.  2  of  one  molecule  of  AI2O3  for  three 
molecules    of  PbO  has  had  a  very  marked  effect  in  decreasing  the 
solubility  of  the  lead. 

No.  3  is  the  simple  disilicate  PbO,2Si02(=  10PbO,20SiO2),  and 
No.  4  is  the  complex  disilicate  7PbO,Al2O3,20SiO2.  Here  the 
substitution  of  AI2O3  for  3 PbO  has  not  affected  the  proportion  of 
soluble  lead,  or   at  least,    not  sufficiently  to  be  evident  under  the 
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conditions  of  the  experiment.  A  similar  conclusion  appears  to 
have  been  arrived  at  recently  by  H.  Eisenlohr  (Sprechsaal,  1910, 
43,  389). 

(II.)  Influence  of  Sodium  Oxide. 

Polysilicate  Disilicate 

(5)  (6) 

SiO 31-0  37-9 

Pbd   65-9  58-8 

XaaO 31  33 

100-0  100-0 

PbO  dissolved  44  13  per  cent. 

No.  5  is  the  polysilicate  2Na20,12PbO,21Si02  ;  it  is  to  be  compared 
with  No.  1  ( =  14PbO,21Si02). 

No.  6  is  the  disilicate  Na20,5PbO,12Si02 ;  its  comparison  sample  is 
No.  3  (  =  6PbO,  l2Si02) ;  thus  in  both  cases  the  substitution  of 
one  molecule  of  NagO  for  one  of  FbO  has  materially  increased  the 
proportion  of  soluble  lead. 

(III.)  Influence  of  Alumina  and  Sodium  Oxide  Together. 

Polysilicate  Disilicate 

(7)  (8) 

SiC.   .33-8  40-4 

PbO   62-3  56-2 

AI2O3 .            2-4  2-1 

Na^d 1-5  1-3 

100  0  100-0 

PbO  dissolved  8^  5  per  cent. 

No.  7  is  the  polysilicate  Na20,Al203,l2PbO,24Si02.  It  is  to  be 
compared  with  No.  1  and  No.  2,  also  with  No.  5.  Relatively  to 
No.  1,  a  considerable  lowering  of  the  proportion  of  soluble  lead 
has  been  effected,  and  this,  in  accordance  with  (I)  and  (II),  is  to 
be  attributed  to  the  alumina.  As  compared  with  No.  2,  a  larger 
quantity  of  soluble  lead  is  shown,  in  agreement  with  the  fact 
that  No.  7  contains  a  smaller  percentage  of  alumina  than  No.  2. 

No.  8  is  the  disilicate  Na.p,Alo03,12PbO,32Si02.  The  proportion  of 
soluble  lead  agrees  with  that  in  the  simple  disilicate  No.  3. 

(IV.)  Influence  of  Boi'on  Trioxide. 

No  borosilicates  of  detioite  molecular  formulae  were  made,  but 
the  following  results  were  obtained  with  modifications  of  the  simple 
disilicate : 
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^.  .,.                      Modifications 
Disiiicate                            '■ 

(1) 

SiOa  35-1 

PbO  64-9 

B-O, — 

(9) 

80 

65 

5 

100 

53 

(10) 

35 

60 

5 

100-0 
PbO  dissolved 5 

100 

46  per  cent. 

Thus  the  substitution  of  5  per  cent,  of  boron  trioxide  for  the  same 
quantity  of  either  silica  or  lead  oxide  in  the  simple  disiiicate  enormously 
increases  the  quantity  of  soluble  lead.  This  effect,  however,  is  not 
produced  with  the  complex  disilicates,  or  at  least,  not  with  those  of  a 
particular  type.  We  had  already  noted  {loc.  cit.,  p.  799)  that  from 
4  to  6  per  cent,  of  boron  trioxide  was  present  in  certain  borosilicates 
which  yielded  mere  traces  of  lead  to  the  action  of  solvents.  But 
in  these  cases  the  proportion  of  silica  was  higher,  and  that  of  the  lead 
oxide  much  lower,  than  in  the  two  experiments  above  described,  and 
notable  quantities  of  lime  and  alumina  were  also  present.  "Which  of 
these  factors  determines  the  behaviour  of  the  boron  trioxide  is  at 
present  obscure.  It  was  precisely  the  influence  of  the  various 
constituents  that  we  had  hoped  to  ascertain  if  the  work  had  been 
completed. 

The  results  obtained  point  clearly  to  the  following  conclusions  : 

(1)  Alumina  has  a  marked  effect  in  promoting  the  stability  of  the 
polysilicates  towards  acids.  Possibly  this  is  due  to  its  function  in  the 
silicate  being  that  of  an  acidic  oxide.  In  the  disilicates  this  effect  is 
less  apparent,  since  these  are  already  tolerably  stable. 

(2)  Sodium  oxide  appears  to  increase   the   solubility  of  the  lead, 
specially  in  the  polysilicates. 

(3)  Boron  trioxide  in  some  cases  renders  the  silicates  much  more 
easily  attackable,  but  in  others  has  no  such  effect. 

Some  experiments  described  by  Beck,  Lowe,  and  Stegmiiller  lead,  in 
the  main,  to  similar  conclusions  {loc.  cit.,  p.  214).  With  the  simple 
lead  silicates  they  mixed  2\  or  5  per  cent,  of  one  or  other  of  the 
following  compounds  :  AlgOg,  B2O3,  CaO,  NajB^Oy.  The  mixtures  were 
fused,  and  the  proportion  of  soluble  lead  was  determined  in  the  resulting 
complex  silicates.  Since  by  this  procedure  the  acidity  of  the  original 
silicates  is  modified,  the  results  are  not  closely  comparable  with 
those  that  we  adduce.  Thus  the  addition  of  5  per  cent,  of  lime  to  the 
disiiicate  raised  the  percentage  of  soluble  lead  from  5-3  to  20'0  ;  but 
this  experiment  is  not  analogous  to  those  we  show  in  (II)  with  sodium 
oxide,  because  the  new  compound  is  notably  more  basic  than  the 
original,  and  would  therefore  in  any  case  be  expected  to  yield  more 
soluble  lead.     Nevertheless,  the  general  results  obtained  point  in  the 
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same  direction  as  our  own.  Thus  the  effect  of  an  addition  of 
5  per  cent,  of  alumina  could  be  traced  in  the  decrease,  by  about  2  per 
cent,,  of  the  soluble  lead  in  the  disilicate  (no  experiments  on  the  poly- 
silicate  are  shown),  and  whilst  5  per  cent,  of  borax  raised  the 
solubility  figure  of  the  disilicate  from  5"3  to  32'0,  the  effect  on 
the  trisilicate  was  very  slight,  namely,  an  increase  of  only  1  per  cent. 
Results  of  the  same  order  were  obtained  with  5  per  cent,  of  boron 
trioxide. 


CCXL. — The  Colour  and  Absorption  Spectra   of  Some 
Sulphur  Compounds. 

By  John  Edwakd  Purvis,  Humphrey  Owen  Jones,  and 
HuTSERT  Sanderson  Tasker. 

In  a  previous  paper  (Jones  and  Tasker,  Trans.,  1909,  95,  1904)  the 
preparation  and  properties  of  some  alkyl  dithio-oxalates  were 
described.  These  esters  were  found  to  exhibit  a  distinct  yellow 
colour,  whilst  oxalates  and  oxalyl  chloride  are  colourless. 

The  dithio-oxalates  were  found  to  have  normal  molecular  weights 
in  solution,  so  that  it  appears  aa  if  their  colour  had  been  produced 
owing  to  the  replacement  of  oxygen  by  sulphur. 

It  was  therefore  decided  to  study  the  absorption  spectra  of  these 
and  some  other  sulphur  compounds  of  similar  structure  in  order  to 
ascertain,  if  possible,  the  cause  of  the  colour  of  thio-oxalates.  The 
various  ethyl  and  phenyl  mono-,  di-  and  tri-thiocarbonates  were 
prepared  and  examined,  as  were  also  the  corresponding  dithio- 
oxalates,  dithiomalonates,  dithiosuccinates,  and  several  other  com- 
pounds containing  two  atoms  of  sulphur  in  the  molecule.  The 
results  are  described  and  discussed  in  this  paper.  We  are  not,  at 
present,  prepared  to  suggest  a  hypothesis  to  account  for  the  results 
obtained ;  but  those  so  far  recorded  for  a  number  of  coloured  com- 
pounds of  simple  structure  seem  to  be  of  value,  and  the  publication 
of  them  may  serve  a  useful  purpose. 

Each  compound  was  obtained  as  pure  as  possible,  its  absorption 
spectrum  studied  in  solution  of  various  concentrations  in  pure  ethyl 
alcohol,  and  the  results  are  represented  by  curves  in  the  usual  way. 
A  large  number  of  the  substances  show  no  band  due  to  selective 
absorption,  and,  in  these  cases,  it  will  be  sufficient  if  the  reciprocals 
of  the  wave-lengths  of  the  last  transmitted  lines  at  a  thickness  of 
30  mm.,  and  sometimes  also  of  2  mm.,  of  solution  be  recorded;  when 
the  substance  exhibits  a  band,  the  position  of  its  head  is  also  noted. 

The  following  compounds  were  examined. 
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Thiocarh  onates. 

Diethyl  thio carbonate,  OEt'C'O'SEt,  was  prepared  by  the  action 
of  ethyl  chlorocarbonate  on  sodium  ethyl  mercaptide  (Salomon, 
/.  jir.  Chem.,  1873,  [ii],  7,  255). 

Diethyl  thioncarhonate,  OEt*CS*OEt,  was  prepared  as  described 
by  Debus  {Annalen,  1850,  75,  136),  by  the  action  of  heat  on  ethyl 
xanthate,  and  was  separated  from  the  compound  OEt*CS*SEt, 
which  is  formed  at  the  same  time,  by  repeated  fractional  distillation, 
until  the  product  boiled  between  161°  and  161'5°. 

Several  analyses  established  the  purity  of  the  substance,  which 
had  a  marked  yellow  colour.  (For  example:  Found,  S  =  23'9. 
C5HJ0O2S  requires  S  =  23*9  per  cent.)  We  were  not  able  to  prepare 
this  compound  by  the  action  of  thiocarbonyl  chloride  on  sodium 
or   potassium  ethoxide. 

Diphenyl  thioncarhonate,  OPh*CS*'OPh,  was  prepared  by  the 
action  of  thiocarbonyl  chloride  on  aqueous  sodium  phenoxide 
(Bergreen,  Ber.,  1888,  21,  346;  Eckenroth  and  Koch,  Ber.,  1894, 
27,  1369). 

The  compound  has  been  described  as  crystallising  in  colourless 
plates,  but  it  was  found  that,  after  repeated  recrystallisation  from 
alcohol  and  other  solvents,  the  compound  still  retained  a  very 
distinct  cream  colour.  The  colour  was  not  intense,  and  small 
quantities  of  the  substance  might  be  taken  to  be  colourless,  whereas 
in  large  quantities  the  colour  is  unmistakable. 

Diethyl  dithio carbonate,  SEt'CO'SEt,  was  prepared  by  the  action 
of  carbonyl  chloride  on  sodium  ethylmercaptide  (Salomon,  J.  pr. 
Chem.,  1872,  [ii],  6,  443). 

Diphenyl  dithiocarbonate,  prepared  by  the  action  of  carbonyl 
chloride  on  sodium  thiophenoxide,  crystallises  from  alcohol  in  long 
needles,  melting  at  43°,  and  is  quite  colourless. 

Diethyl  thionthio carbonate,  OEt'CS'SEt,  prepared  by  the  action 
of  ethyl  bromide  on  potassium  xanthate  (Salomon,  loc.  cit.,  p.  445), 
shows  a  distinct  yellow  colour  very  similar  to  that  of  diethyl  thion- 
carhonate. 

Diethyl  trithiocarhonate,  prepared  by  the  action  of  thiocarbonyl 
chloride  on  sodium  ethylmercaptide,  is  a  deep  reddish-orange  liquid, 
boiling  at  240°/ 760  mm.  and  at  118— 119°/ 10  mm.  (Debus, 
Annalen,  1850,  75,  147). 

Diphenyl  trithiocarhonate  was  prepared  by  the  action  of  thio- 
carbonyl chloride  on  sodium  thiophenoxide.  It  crystallises  from 
alcohol  in  short  prisms,  melting  at  43°,  and  showing  a  golden- 
yellow  colour  lighter  than  that  of  the  ethyl  compound : 

01998  gave  0-4335  COg  and  00690  TLfi.     C  =  59-2 ;  H  =  3-84. 
CjsHjoS  requires  C  =  595;  H  =  3'82  per  cent. 
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Diethyl  monothio-oxalate,  prepared  by  the  action  of  sodium  ethyl- 
mercaptide  on  ethyl  chloroglyoxylate  ("  chloroxalic  ether "),  as 
described  by  Morley  and  Saint  (Trans.,  1883,  43,  400),  is  a  liquid 
boiling  at  216°,  which  shows  a  very  pale  yellow  colour  when  examined 
in  thick  layers. 

The  various  alkyl  dithio-oxalates  have  already  been  described 
(Jones  and  Tasker,  loc.  cit.). 

Diethyl  dithiomalonate,  prepared  by  the  action  of  malonyl 
chloride  on  sodium  ethylmercaptide,  is  a  colourless  liquid,  boiling  at 
135°/ 10  mm.  On  distilling  under  atmospheric  pressure,  this  ester 
appears  to  undergo  decomposition  with  the  formation  of  derivatives 
of  ethyl  mercaptan : 

0-3421  gave  0-5443  COo  and  0-1894  HoO.     C  =  43-4;  H  =  6-15. 
C7HJ2O2S.2  requires  C  =  43-8;  H  =  6-25  per  cent. 

Diphenyl  dithiomalonate,  prepared  by  the  action  of  malonyl 
chloride  on  phenyl  mercaptan  or  its  lead  salt,  crystallises  in  long, 
colourless  needles,  melting  at  94 — 94-5°: 

0-2700  gave  0-6151  COo  and  0*1055  Kp.     C  =  62-l;  H  =  4-34. 
CisHjoOgSo  requires  0  =  625;  H=4-17  per  cent. 

Diethyl  dithiosuccinate,  prepared  by  the  action  of  succinyl 
chloride  on  sodium  ethylmercaptide,  is  a  colourless  liquid,  boiling  at 
165°/ 10  mm.  The  product  when  first  formed  was  slightly 
fluorescent;  the  fluorescence  persisted  after  distillation,  but  was 
removed  by  washing  with  dilute  sodium  hydroxide  solution : 

0-2355  gave  04010  COo  and  01465  H._,0.     C  =  46-4;  H  =  6-91. 
C8H14O2S2  requires  C  =  46-6;  H  =  6-8  per  cent. 

Diphenyl  dithiosuccinate,  prepared  by  the  action  of  succinyl 
chloride  on  phenyl  mercaptan,  cryst-allises  from  alcohol  in  colourless 
needles,  melting  at  90 — 905°: 

0-1887  gave  0-4375  CO^and  00807  H2O.     0  =  633;  H  =  4-75. 
CigHi^OgS,  requires  0  =  636;  "h=  4-64  per  cent. 

It  may  be  mentioned  that  succinyl  chloride,  which  is  described 
as  a  liquid,  when  pure  sets  to  a  crystalline  solid,  melting  at  17°. 

Ethyl  ethylthiolacetate,  SEt*OH2*C02Et,  prepared  from  ethyl 
chloroacetate  and  sodium  ethylmercaptide  in  the  cold,  is  a  colourless 
oil,  boiling  at  187—188°  (Claesson,  Bull.  Sor.  chim.,  1875,  [ii],  23, 
445). 

Ethyl  ethylthiolthioacetate,  SEt'OHo'CO'SEt,  was  prepared  by 
the  action  of  chloroacetyl  chloride  on  sodium  ethylmercaptide ;  the 
reaction  was  started  in  a  freezing  mixture,  and  completed  at  100°. 
The  compound  is  a  colourless  liquid,  boiling  at  101 — 102°/")  mm.: 

0-2163  gave  06095  BaSO<.     8  =  387. 

CeHjaOSg  requires  8  =  390  per  cent. 
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^-Diethylthiolethane,  SEt'CHg'CHg'SEt,  prepared  by  the  action 
of  ethylene  dibromido  on  sodium  ethylmercaptide  at  100°,  is  a 
colourless  liquid,  boiling  at  210°  (Ewerlbf,  Ber.,  1871,  4,  717; 
Meyer,  Ber.,  1886,  19,  3266). 

Phenyl  mercaptan  was  obtained  from  Kahlbaum,  and  thiocarbonyl 
chloride  from  Schuchardt;  both  were  purified  by  distillation.  Di- 
phenyl  disulphide  was  prepared  and  purified  by  repeated  crys- 
tallisation until  quite  colourless. 

We  are  indebted  to  Professor  Pope  for  a  specimen  of  pure  benzyl 
sulphide. 

Carbonates. 

An  examination  of  the  absorption  curves  (Figs.  1  and  2)  shows 
that  well-marked  bands  are  exhibited  by  diethyl  dithio-  and  trithio- 
carbonates  (ilf/lOOQ-solutions),  a  less  pronounced  band  by  diethyl 
thioncarbonate  (iZ/lOO-solution)  and  by  diphenyl  carbonate  and 
dithiocarbonate  (il//1000-solutions),  and  by  diphenyl  thion-  and 
trithio-carbonates  (il//10,000-solutions).  Table  I  gives  the  limits  of 
general  absorption  in  oscillation  frequencies  at  a  thickness  of  30  mm., 
and,  when  stated,  also  at  2  mm.;  the  position  of  the  head  of  the 
absorption  band,  when  one  is  present,  is  also  given. 


Table  I. 

Strength  of 

Substance.  solution. 

OO(OEt),  (colourless)    {  J^}2(2n,m.) 

C0(0Ph)2         „            Jf/100 

C0(0Ph)2         ,,            ilif/1000 

CO{OEt)(SEt)  (colourless)    ...  {  ^^}2(2mm.) 

CO(OEt)(SEt)         „            ...  Jlf/1000 

CS(0Et)2  (yellow) {  j//12o 

CS(0Et)2       lf/10,000 

CS(0Ph)2  (cream  coloured)  ...  Mj\QO 

CS(0Ph)2               ,,             ...  J»//1000 

CO(SEt),  (colourless)    A//100 

C0(SEt)2          „             i>//10,000 

C0(SPh)2         „             i»//1000 

CS(OEt)(SEt)  (yellow) Af/100 

OS(OEt)(SEt)       ,,       Jlf/1000 

CS(SEt)2  (orange) 3//100 

CS(SEt)j       ,,        3//10,000 

CS(SPh)2  (golden-yellow) MjlQO 

CS(SPh)2            „            J//10,000 

CSCla  (orange-red) |  ^^JJoo 


Head  of 

Limit  of 

band. 

absorption 

— 

4406 

— 

4620 

— 

3575 

3760 

3584 

— 

3435 

— 

4173 

— 

4254 



3047 

3280 

— 

— 

3980 

— 

3336 

3660 

3453 

— 

3513 

4058 

3722 

— 

3406 

— 

3173 

3600 

— 

— 

2801 

3260 

— 

— 

2695 

3800 

3030 



3010 

— 

8508 
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The  results  given  above  show  that  in  general  the  replacement  of 
an  ethyl  by  a  phenyl  group  causes  a  shift  in  the  limit  of  general 
absorption  towards  the  red  end  of  the  spectrum. 

Further,  the  replacement  of  oxygen  by  sulphur  in  ethyl  carbonate 
and  ethyl  thioncarbonate  causes  a  very  marked  increase  in  the 
absorption. 

The  consideration  of  the  cause  of  the  colour  and  bands  exhibited 
by  these  compounds  is  complicated  by  the  differences  which  exist 
between   the   ethyl  and   phenyl    esters.     Diethyl  carbonate  shows 


Fig.  1. 

Oscillation  freq%iencies. 
33  35  37  39 


41 


43  45 


merely  general  absorption  but  no  band,  whilst  diphenyl  carbonate 
shows  a  well-defined  band  (Fig.  2),  with  its  head  about  3740, 
(oscillation  frequency)  almost  identical  in  position  with  that  of 
phenol.     This  band  may  therefore  be  attributed  to  the  presence  of 

the  phenyl  groups,  the  group  0IC*O).  having  no  tendency  to  produce 

a  band.  This  is  the  only  case  in  which  the  modification  of  the 
curve  by  the  substitution  of  phenyl  for  ethyl  is  in  the  direction  of 
band  formation ;  usually  a  band  shown  by  the  ethyl  ester  is  partly 
and  completely  obliterated  in  the  phenyl  ester,  as,  for  instance,  in 
the  dithiocarbonate  and  in  the  dithio-oxalate,  which  will  be  discussed 


2292         PURVIS,   JONES,   AND  TASKER  :   THE   COLOUR   AND 

later.  In  the  compound  CS(0Ph)2,  the  band  shown  by  diphenyl 
carbonate  has  been  displaced  slightly  towards  the  red  end  of  the 
spectrum,  whilst  in  diphenyl  trithiocarbonate  the  band  is  so  changed 
that  its  form   suggests  a   compromise  between  the  vibration   due 

to  the  phenyl  groups,  and  those  due  to  the  group    S.*C<Co.,  which 

produce  the  band  found  in  diethyl  trithiocarbonate. 

In  consequence  of  these  complications  introduced  by  the  presence 


31 


Fig.  2. 

Oscillation  frequencies. 
33  35  37  39 


41 


45 


of  phenyl  groups,  the  curves  of  the  ethyl  esters  only  can  be  con- 
sidered completely  comparable  with  one  another.  Considering  first 
the  phenomenon  of  colour,  it  is  obvious  that  the  mere  replacement 
of  one  or  two  oxygen  atoms  by  sulphur  does  not  give  rise  to  colour, 
since  diethyl  and  diphenyl  dithiocarbonates  are  colourless;  but  it 
is  also  clear  that  the  group  IC!S  must  be  regarded  as  a  powerful 
chromophore. 

The  following  compounds  all  exhibit  colour  which  may  be  regarded 
as  caused  primarily  by  the  ICiS  group :  CSCI2  (orange-red),  CS(0Et)2 


ABSORPTION   SPECTRA   OF   SOME  SULPHUR   COMPOUNDS.     2293 

(yellow),  CS(0Ph)2  (cream),  thiobenzophenone,  CS(Ph)2  (blue).  In 
the  case  of  thiobenzojDhenone  and  dimetlioxytliiobenzophenone,  we 
have  confirmed  the  results  obtained  by  Gattermann  {Ber.,  1895,  28, 
2868)  as  regards  the  properties  of  the  compounds  and  the  fact  that 
their  molecular  weights  in  solution  are  normal.  We  have  also  been 
able  to  prepare  these  compounds  by  the  interaction  of  dry  silver 
sulphide  and  the  corresponding  chloride.  The  colour  originating  in 
the  IC!S  group  is  very  considerably  modified  by  the  group  to  which 
it  is  attached,  since  in  the  cases  mentioned  above  it  varies  from 
deep  blue  to  cream. 

The  difference  between  the  intensity  of  the  colour  exliibited  by 
the  compounds  CS(0Et)2  and  CS(OPh)o  is  much  more  marked  than 
that  between  diacetyl  and  benzil,  bxit  the  explanation  is  possibly 
similar  to  that  suggested  by  Baly  and  Stewart  (Trans.,  1906,  89, 
502)  to  meet  the  case  of  these  substances. 

Until  there  is  more  exact  knowledge  as  to  the  relation  between 
the  absorption  of  light  and  the  structure  of  organic  compounds, 
it  is  not  desirable  to  formulate  further  hypotheses,  but  the  striking 
difference  between  the  groups  !C!S  and  ICIO  may  be  explained  as 
suggested  by  Hewitt  at  the  International  Congress  of  Applied 
Chemistry,  1909,  on  the  following  consideration.  The  attraction 
between  carbon  and  sulphur  is  less  than  that  between  carbon  and 
oxygen,  as  evidenced  by  the  ease  with  which  the  sulphur  is  replaced 
by  oxygen  in  the  thioketones,  thioncarbonates,  and  thiocarbamides. 
The  mass  of  the  sulphur  atom  to  be  held  by  the  smaller  force  of 
attraction  is  greater,  and  consequently  the  period  of  any  vibration 
set  up  would  be  slower. 

The  bands  exhibited  by  the  three  compounds  C0(SEt)2, 
CS(OEt)(SEt),  and  CS(SEt)2  possess  a  similar  shape  and  persistency, 
but  are  shifted  successively  towards  the  red  end  of  the  spectrum, 
and  become  much  broader.  It  is  possible  that  these  bands  may  arise 
owing  to  the  formation  of  linkings  between  the  sulphur  atoms, 
which  exhibit  a  greater  tendency  to  become  quadrivalent  than  does 
oxygen. 

Oxalates. 

Table  II  gives,  for  the  oxalates  and  thio-oxalates,  the  strength 
of  solution,  position  of  head  of  band  in  oscillation  frequency,  and 
the  limit  of  absorption  through  30  mm.  of  solution. 

Pig.  3  contains  the  curves  for  those  substances  which  show  bands. 
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Substance. 
(002Et)2  (colourless)  

Table  11 

Strength  of 
solution. 

J//10 

3// 1000 

J// 100 
J// 10, 000 

3//10 

J//1000 

JI//10 

J//1000 

M/IO 

3//1000 

i>f/100 

i//1000 

Head  of  band. 

Rapid    extension    of 
absorption  between 
3640  and  4000,  in- 
dicating   potential 
band. 

3740 

3640 

3620 

Rapid    extension    of 
absorption  between 
3110  and  3850. 

Limit  of 
absorption 

3513 

(OOoEt)o         „          

4423 

(CO^Ph),        „           

(COoPh),        ,,           

3400 
3593 

OOjEf  CO'SEt  (almost 

colourless) 

COaEfCO'SEt 

(00'SEt)2  (yellow) 

2770 

3320 
2468 

(C0*SEt)2         „     

.      3144 

(CO-S'CoH,),    , 

2484 

(CO'S'CsH^).,   ,,     

3088 

(CO'SPh),        ,,     

2380 

(co-srh)2      „    ■. 

3050 

Table  III  gives  similar  data,  including  the  limit  of  absorption 
for  a  thickness  of  2  mm.  of  solution,  for  the  thiomalonates  and 
other  compounds  examined,  which  are  all  colourless,  and  none  of 
which  show  bands. 

Table  III. 


Substance. 


Strength 
of  solution. 


CH2(C0-SEt)j I     J// 1000  (2  mm.) 

CH2(CO'SPh)2    I     ^/iooo(2mm.) 

(CH2-CO-SEt)2  I     j//iooO(2mm.) 

(CH2-C0*SPh)2  

(0H2-SEt)2 

SEfCH2'C02Et 

SEfCHo'CO-SEt  


if/1 000 
i»//1000(2mm.) 

J//1000 
J//1000  (2  mm.) 

ilf/1000 
A//1000  (2  mm.) 

J//1000 
i//1000(2mm.) 


Limit  of 
absorption. 

3727 
4063 

3405 
4005 

3855 
4199 

3447 
4005 

4365 
4603 

4854 
4422 

3880 
4113 


In  all  the  above  cases,  the  replacement  of  oxygen  by  sulphur 
produces  a  very  great  increase  in  the  absorptive  power  of  the 
compound;  this  is  particularly  well  illustrated  by  a  comparison  of 
ethyl  oxalate  and  monothio-oxalate  (table  II)  and  of  the  two  laat 
•compounds  in  table  III. 
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In  the  colourless  compounds,  the  replacement  of  ethyl  by 
phenyl  produces  a  considerable  increase  in  absorption,  but  this  is 
not  so  marked  in  the  coloured  compounds,  since  in  the  dithio- 
oxalate  the  absorptive  power  of  the  phenyl  compound  is  inter- 
mediate between  those  of  the  ethyl  and  propyl  compounds. 

The  potential  band  exhibited  by  phenyl  oxalate  is  probably  due 
to  the  phenyl  groups,  as  in  the  case  of  phenyl  carbonate,  since  its 
position  is  close  to  that  of  the  phenol  band. 
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The  table  and  the  curves  show  that  both  colour  and  an  absorption 
band  are  produced  by  the  structures: 


R-s-c:o 
R-s-c:o 


and 


EfS 
EtO 


cro 
c:o' 


but  when  R  =  Ph  the  band  is  almost  obliterated,  as  in  the  case  of 
the  dithiocarbonate.  Neither  colour  nor  band  is  shown  by  any  of 
the  other  compounds  which  were  examined  containing  two  atoms 
of  sulphur  in  the  molecule.  It  may  therefore  be  concluded  that 
the  above  structure  is  associated  with  the  existence  of  the  colour 
and  the  band. 
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Colour  of  Oxalyl  GJdoride  in  Solution. 

It  was  observed  that,  although  oxalyl  chloride  itself  and  its 
solutions  in  substances  like  ether,  chloroform,  and  paraffins  were 
quite  colourless,  yet  it  forms  yellow  solutions  with  phenol,  anisole, 
piperonal,  dipentene,  and  alkyl  sulphides.  The  colour  of  these 
solutions  is  similar  to,  but  deeper  than,  that  of  the  alkyl  dithio- 
oxalates,  but  the  solutions  were  too  unstable  to  allow  of  an 
examination  of  their  spectra. 

Oxalyl  chloride  therefore  forms  coloured  solutions  with  certain 
substances  which  also  give  coloured  solutions  with  tetranitro- 
methane  (Werner,  Ber.,  1909,  42,  4324).  The  production  of  colour 
from  oxalyl  chloride  by  admixture  with  other  substances  is  possibly 
due  to  the  formation  of  additive  products  with  these  substances, 
which,  in  virtue  of  the  presence  of  oxygen,  sulphur,  or  ethenoid 
linkings  in  the  molecule,  are  capable  of  forming  such  additive 
compounds. 

Much  further  work  will  be  required  before  definite  hypotheses  can 
be  formulated  to  account  for  the  behaviour  of  these  sulphur  com- 
pounds, and  it  is  hoped  that  the  study  may  be  continued  and 
possibly  extended  to  some  corresponding  selenium  compounds. 

The  absorption  spectra  of  phenyl  mercaptan  and  benzyl  sulphide 
have  also  been  examined  for  comparison  with  phenol  and  benzyl 
alcohol.  These  substances  show  no  band,  and  the  limits  of  absorp- 
tion are  given  in  table  IV. 

Table  IV. 

Strength  of  Limit  of 

Substance.  sohition.  absorption. 

p  TT  .sjTT  \     3//100  (30  mm.)  3320 

^«"'**^ \     Jf/1000  (30  mm.)  3460 


rCH-CH^S  ^     il//100  (30  mm.) 


3532 
\     il//1000(30mm.)  8608 

It  is  remarkable  that  the  pronounced  band  in  phenol  has  been 
completely  obliterated  by  the  replacement  of  oxygen  by  sulphur, 
and  that  the  three  bands  in  benzyl  alcohol  (Baly  and  Collie,  Trans., 
1905,  87,  1332)  have  disappeared  in  benzyl  sulphide. 

The  results  obtained  in  the  examination  of  benzyl  mercaptan  are 
not  trustworthy  on  account  of  the  ease  with  which  it  is  oxidised  in 
solution. 

The  obliteration  of  bands  is  possibly  to  be  attributed  to  the 
greater  absorptive  power  of  the  sulphur  compounds. 
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General    Results. 

An  examination  of  the  absorption  spectra  of  sulphur  compounds 
has  shown  that : 

(1)  The  replacement  of  oxygen  by  sulphur  causes  a  marked 
increase  in  the  absorptive  power  of  the  compound,  and,  indeed,  often 
results  in  the  production  of  colour.  An  absorption  band  also 
appears  in  some  cases. 

(2)  Definite  absorption  bands  are  shown  by  sulphur  compounds 
possessing  the  following  structures,  but  are  not  shown  by  the 
corresponding  oxygen  compounds: 

s-c^^'     s-c^^'     0-c^^*     s-c^^*     '^'^'^     '^'9-^ 
s.c<Q.      S.C<^.      O.C<g,      S.C<g,      .^.^.^      .g.i,.^,^ 

(I.)  (II.)  (III.)  (IV.)  (V.)  (VI.) 

Of  these,  compounds  of  the  type  I,  II,  IV,  and  VI  are  yellow  in 
colour,  and  V  may  be  considered  as  faintly  coloured. 

(3)  The  group  S!C<<  must  be  considered  a  powerful  chromophore. 

(4)  In  certain  aromatic  compounds,  such  as  phenol  and  benzyl 
alcohol,  the  replacement  of  oxygen  by  sulphur  results  in  obliterating 
absorption  bands. 

(5)  It  has  also  been  found  that,  although  oxalyl  chloride  itself 
is  colourless,  it  gives  yellow  solutions  with  a  number  of  unsaturated 
compounds  and  compounds  containing  oxygen  or  sulphur. 

The  expenses  of  this  work  were  largely  defrayed  by  grants  from 
'he  Government  Grant  Committee  of  the  Royal  Society,  and  the 
-pectra  were  examined  by  means  of  a  spectroscope  kindly  placed  at 
our  disposal  by  the  same  body.  For  both  these  favours  we  are  glad 
to  make  this  grateful  acknowledgment. 

University  Chemical  Laboratoky, 
Cambbidg£. 


CCXLI. — Phenomena  Observed  when  Potassium  Mercuri- 
iodide  is  Dissolved  in  Ether  and  Water. 

By  James  Ernest  Marsh. 

Potassium  mercuri-iodide,  KHglg.HgO,  crystallises  well  from 
alcohol,  but  is  decomposed  by  water  with  separation  of  mercuric 
iodide.  A  crystal  of  the  salt  changes  in  colour  from  yellow  to  red 
on  being  moistened  with  water.  The  salt  is,  however,  soluble  in 
water  if  heated  with  a  very  small  quantity;  also,  when  heated  in 
VOL.  xcvii.  7   i^ 
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a  sealed  tube,  the  dry  salt  melts  at  119°,  and  this  liquid  may  be 
regarded  as  a  solution  of  the  salt  in  its  water  of  crystallisation.  The 
salt  is  very  sparingly  soluble  in  dry  ether,  but  is  somewhat  readily 
dissolved  by  undried  ether,  especially  by  ether  which  has  been 
shaken  with  water  and  then  separated  from  the  latter.  The  salt, 
which  dissolves  in  the  ether  with  considerable  rise  of  temperature, 
is  much  more  soluble  in  cold  ether  than  in  hot.  The  following 
experiment  illustrates  this  property.  A  sealed  tube  was  employed 
containing  332  grams  of  powdered  potassium  iodide  and  908  grams 
of  mercuric  iodide  with  52  c.c.  of  "  wet  "  ether  and  0'6  c.c.  of  water. 
At  0°  the  contents  of  the  tube  are  completely  dissolved.  If  the  tube 
is  now  placed  in  warm  water,  crystals  begin  to  form,  and  at  50° 
the  contents  of  the  tube  become  nearly  solid,  with  the  formation  of 
long,  yellow  needles  of  the  salt  KHglsjHgO.  The  crystals  re- 
dissolve  in  the  ether  on  cooling.  Analysis  of  the  salt  obtained  in 
this  way  gave : 

Pound,  H20  =  2-69;  KI  =  25-7. 

KHgl3,H20  requires  H20  =  2-82;  KI  =  26-0  per  cent. 

If  potassium  iodide  and  mercuric  iodide  are  mixed  with  ordinary 
undried  ether,  no  apparent  solution  or  other  change  occurs.  The 
red  and  the  colourless  salts  remain  unchanged  in  presence  of  the 
solvent.  After  many  weeks,  however,  the  red  colour  of  the  mercuric 
iodide  begins  to  fade,  and  its  place  is  taken  by  the  characteristic 
yellow,  crystalline  double  salt.  This  does  not  dissolve  appreciably 
in  the  ether  now  deprived  of  its  water,  but  requires  "  wet  "  ether 
for  its  solution. 

When  potassium  iodide  and  mercuric  iodide  are  mixed  with  ether 
dried  either  by  sodium  or  by  long  keeping  over  calcium  chloride, 
the  double  salt  which  contains  water  of  crystallisation  cannot  now  be 
formed,  and  a  quite  different  action  occurs.  The  two  salts  rapidly 
liquefy  in  the  ether,  and  take  up  four  molecules  of  ether  to  form  a 
heavy,  yellow  liquid  compound.  If  any  excess  of  ether  is  taken, 
it  is  left  floating  on  the  surface  as  a  separate  layer  which  contains 
very  little  of  the  salts,  and  a  large  excess  of  ether  does  not  appre- 
ciably diminish  or  increase  the  volume  of  the  liquid  compound. 
If  the  ether  taken  is  not  enough  to  supply  four  molecules,  then 
some  of  the  salts  are  left  undissolved.  If  mercuric  iodide  is  taken  in 
larger  quantity  than  one  molecule  to  one  of  potassium  iodide,  the 
excess  is  left  undissolved. 

The  compound,  KHgl3,4Et20. — l'G6  Grams  of  well  powdered  and 
dried  potassium  iodide  and  4*54  grams  of  mercuric  iodide  were 
mixed  with  4*4  c.c.  of  dry  ether  in  a  sealed  tube.  On  shaking,  all 
rapidly  passed  into  solution.  The  liquid  compound  measured  5  c.c, 
and   the  ethereal  layer  01    c.c,  at   75°.     From   these   figures   the 


MERCURI-IODIDE   IS   DISSOLVED   IN   ETHER   AND   WATER.      2299 

formula  of  the  liquid  compound  and  its  specific  gravity,  187,  at 
75°  are  derived.  ,  It  should  be  noted  that  the  solubility  of 
potassium  iodide  and  of  mercuric  iodide  separately  in  dry  ether  is 
very  slight.  The  solubility  of  potassium  iodide  in  ether  at  the 
ordinary  temperature  was  found  to  be  001 6  per  cent.,  and  of 
mercuric  iodide  0"3  per  cent.,  and  in  neither  case  is  there  formed 
any  liquid  not  miscible  with  ether.  The  liquid  compound  of  ether 
and  potassium  mercuri-iodide  is  also  formed  by  exposing  a  mixture 
of  the  two  salts  in  a  tube  to  the  vapour  of  ether,  but  in  this  case 
some  crystals  are  also  formed  in  the  tube,  and  the  action  is  very 
slow.  0'83  Gram  (1  mol.)  of  potassium  iodide  and  2'27  grams 
(1  mol.)  of  mercuric  iodide  exposed  to  the  vapour  of  dry  ether 
increased  in  weight  by  1'1682  grams  (31  molecules  of  ether),  when 
the  red  mercuric  iodide  just  dissolved,  and  gave  a  further  increase, 
in  all,  1*5334  grams  (4*1  molecules  of  ether),  after  keeping  for  many 
days.  The  compound  was  also  analysed  by  determining  the  loss  of 
weight  due  to  the  ether  given  off  on  passing  a  stream  of  dry  air  over 
the  substance.  The  liquid,  when  it  had  lost  a  certain  quantity  of 
ether,  began  to  crystallise,  and  soon  formed  a  solid  mass  of  crystals. 
It  was  then  weighed,  and  the  stream  of  air  was  continued  until  all 
the  ether  was  expelled.  4'2914  Grams  of  the  liquid  compound  gave 
3"7086  grams  of  crystals,  and  finally  2'6314  grams  of  potassium  and 
mercuric  iodides.  These  numbers  agree  with  four  molecules  of 
ether  in  the  liquid  compound,  and  with  2*5  molecules  in  the 
crystalline  compound.  As  it  is  difficult  to  stop  when  the  crystals 
are  just  free  from  liquid,  it  appears  more  probable  that  the 
crystalline  compound  is  represented  by  the  formula  KHgl3,3Et20. 

When  the  liquid  compound  is  exposed  to  moist  air,  crystals  of  the 
hydrated  salt  KHgl3,H20  at  once  form  on  the  sides  of  the  tube. 
The  addition  of  a  small  quantity  of  water  causes  the  liquid  to  set 
to  an  almost  solid  mass  of  crystals  with  total  expulsion  of  the  ether. 
The  experiment  was  carried  out  as  follows. 

In  a  tube,  containing  1*83  grams  of  potassium  iodide,  5  0  grams 
of  mercuric  iodide,  and  5  c.c.  of  dry  ether,  was  placed  a  sealed  bulb 
containing  0*22  gram  of  water,  and  a  small  piece  of  glass  rod.  The 
tube  was  then  sealed,  and,  on  mixing  carefully  so  as  not  to  break 
the  bulb,  the  liquid  compound  was  obtained  with  a  small  surface 
layer  of  ether.  The  bulb  was  then  broken  by  a  jerk,  and  the  tube 
quickly  became  filled  with  a  mass  of  yellow  crystals  insoluble  in  the 
ether. 

Solution  of  Potassium  Iodide  and  Mercuric  Iodide  in  a  Mixture 
of  Ether  and  Water. — As  stated  above,  the  addition  of  water  to  the 
compound  KHgl3,4Et20  causes  the  precipitation  of  the  salt 
^^gl^3»H20,   and    on   the   further   addition   of  water   the  crystals 
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become  soluble  in  aqueous  ether,  to  separate  again  on  warming  the 
solution.  By  continuing  the  addition  of  watey,  these  crystals  no 
longer  separate  on  warming,  nor  does  the  water  cause  the  separation 
of  ether,  but  eventually  red  mercuric  iodide  is  precipitated.  This 
occurs  when  the  amount  of  water  added  is  just  double  the  volume 
of  the  ether;  the  addition  of  a  little  more  ether  clears  the  solution. 
With  a  larger  amount  of  ether  than  four  molecules  to  one  of  the 
salts,  the  addition  of  water  may  cause  the  liquid  to  separate  into 
two  layers.  When  there  is  separation,  it  is  found  that  there  is  a 
temperature,  the  critical  point,  below  which  complete  mixture  takes 
place,  and  above  which  there  is  a  separation  into  layers.  This 
critical  temperature  depends  on  the  concentration  of  the  double 
salt  in  solution  and  the  relative  amounts  of  ether  and  water.  It 
is  to  be  noted  further  that,  whereas  the  addition  of  water  to  the 
mixture  of  potassium  and  mercuric  iodides  brings  about  partial 
solution  with  absorption  of  heat,  the  addition  of  ether  brings  about 
complete  solution  with  evolution  of  heat,  and  the  further  addition 
of  the  water  to  the  aqueous  ethereal  solution  also  causes  an  evolution 
of  heat.  The  following  example  shows  the  effect  of  increasing 
quantities  of  water,  the  amounts  of  potassium  iodide,  mercuric 
iodide,  and  ether  being  constant.  One  molecular  proportion  of 
potassium  iodide  and  one  of  mercuric  iodide  were  mixed  with  12 '5 
molecular  proportions  of  water ;  the  temperature  fell  2°,  the  solution 
not  being  complete.  On  addition  of  12'5  molecular  proportions  of 
ether,  the  temperature  rose  10°,  the  solution  being  now  complete. 
The  critical  point  of  this  solution  was  31°.  Successive  additions  of 
12  "5  molecular  proportions  of  water  were  made,  and  a  rise  of  tem- 
perature in  each  case  was  noticed  until  it  became  too  small  to  be 
measured.  The  critical  point  was  determined  after  each  addition 
of  water.  The  results  are  illustrated  by  the  curve  in  Fig.  1.  It 
will  be  seen  that  the  critical  point  falls  to  a  minimum  and  rises 
again.  It  was  found  that  the  solution  of  lowest  critical  point  froze 
when  the  temperature  was  reduced  to  about  — 15°.  The  com- 
position of  the  liquid  of  lowest  critical  point,  and  therefore  also  of 
the  frozen  mass,  is  represented  nearly  by  the  rather  complex  formula 
KHgl3,125Et20,75H20.  The  volume  relations  are  more  simple, 
being  nearly  1  vol.  KHglg :  3  vols.  EtgO  :  3  vols.  H2O.  When  partly 
melted  and  no  longer  adhering  to  the  sides  of  the  tube,  the  solid 
mass  floats  on  the  surface  of  the  liquefied  part. 

There  is  a  further  point  to  be  noted  with  regard  to  the  critical 
point.  It  is  found  that,  when  the  most  concentrated  solution, 
namely,  that  which  has  the  critical  point  of  31°,  is  heated,  a 
heavy  liquid  layer  separates  at  the  bottom  of  the  tube,  increasing 
in  amount  as  the  temperature  rises,  and  being  redissolved  as  the 
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temperature  falls,  until  at  31°  it  disappears  altogether.  On  the 
other  hand,  all  the  other  solutions,  when  heated  above  their  critical 
points,  expel  a  light  layer,  which  increases  with  the  temperature 
and  is  re-absorbed  by  the  bulk  of  the  liquid  just  below  the  critical 
point.  It  will  thus  be  seen  that  a  solution  of  one  molecular  pro- 
portion of  potassium  mercuri-iodide  in  12'5  molecular  proportions 
of  ether  and  125  of  water  expels,  on  warming,  a  heavy  liquid  layer, 
whereas  a  solution  containing  the  same  quantities  with  an  addition 
of  12-5  molecular  proportions  or  more  of  water  expels,  on  warming. 


Fig.  1. 
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a  light  liquid  layer.  If,  now,  we  take  an  intermediate  amount  of 
water,  namely,  1875  molecular  proportions,  the  other  quantities 
remaining  the  same,  a  solution  is  obtained  which,  on  warming, 
expels  both  a  heavy  liquid  layer  and  a  light  one,  so  that  three 
different  liquids  appear  in  the  tube.  In  one  experiment  a  sealed 
tube  was  used  which  contained  5 "53  grams  of  potassium  iodide, 
151  grams  of  mercuric  iodide,  10  c.c.  of  water,  and  442  c.c.  of 
■'  wet"  ether.  This  solution  is  homogeneous  at  the  ordinary  tem- 
perature, and  between  50°  and  60°  a  good  separation  is  obtained 
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into  three  liquid  layers.  These  layers  are  permanent  and  not 
altered  by  shaking  while  the  liquid  is  still  hot,  but  on  cooling  they 
form  again  a  homogeneous  solution. 

It  is  possible  to  obtain  other  solutions  which,  on  heating,  give 
three  liquid  layers  and  have  concentrations  difiFerent  from  that  just 
mentioned.      The  one   which   was  first    obtained   contained    equal 
molecular  proportions  of  water  and  ether.     As  has   already  been 
stated,  with  the  concentration  of  1  to  12'5,  a  lower  layer  begins  to 
separate  at  31°;  with  the  concentration  of  1  molecular  proportion 
of  salt  to  25  molecular  proportions  of  ether  and  25  of  water,  the 
upper  layer  separates  above  the  critical  point  0°.     By  trying  con- 
centrations between  these  two  limits,  it  was  found  that  with  the 
concentration  of  1  molecular  proportion  of  potassium  mercuri-iodide 
to  17*3  molecular  proportions  of  water  and  17*3  of  ether,  the  solution 
separated  into  three  layers.     In  a  calibrated  tube,  1*66  grams  of 
potassium  iodide,  4*54  grams  of  mercuric  iodide,  2" 6  c.c.  of  water, 
and  18*2  c.c.  of  "  wet "  ether  were  sealed.     The  calculated  volume 
of  the  constituents  is  22"0  c.c.     The  volume  found  on  mixing  was 
21  "4  c.c,  so  that  there  was  a  slight  contraction.     The  tube  was  then 
heated  to  different  temperatures,  and  the  volumes  of  the  solutions 
were  determined.     The   curve  plotted    from   the  measurements  is 
given    in    Fig.    2.      In    what    follows,    the   top    layer    is    termed 
"  ether "      solution,     the    middle    layer     "  mixed "     solution,     and 
the    lower    layer    "  water "    solution.      At   22°,    "  ether "  solution 
begins   to   separate,    and  increases   in    amount    as    the    tempera- 
ture rises.     At  33'5°,   "  water "   solution   also  begins  to  separate, 
and    both    layers  increase  with    the   temperature.     At   51*5°,  the 
"  mixed "  solution  disappears,   and   only  two   liquids   are  present. 
These  two  liquids  do  not  appreciably  alter  in  volume  on  heating 
further  to  above  70°.     Correction  was  made  for  expansion  by  heat, 
which  was  regular,  and  nearly  the  same  as  the  expansion  of  ether 
itself.     In  order  to  determine  the  amounts  of  mercuric  iodide  and 
potassium  iodide  in  the  water  layer,  a  tube  was  taken  with  a  bulb 
of  4  c.c.  capacity  at  one  end,  the  mixture  in  the  tube  being  made 
up  of   2  molecular  proportions   of  potassium  mercuri-iodide   (12'4 
grams)  to  25  of  ether  and  water.     On  heating,  the  heavy  aqueous 
solution  just  filled  the  bulb  at  63°.     The  tube  was  cooled  without 
mixing   the  two    solutions,    opened,  and  the    solutions    separated. 
The  aqueous  solution  measured  slightly  less  than  4  c.c.     The  mixed 
salts  contained  in  it  weighed  4" 77  grams,  of  which  1'58  grams  was 
potassium   iodide.     The  solution  contained    scarcely  any  ether,    it 
did  not  take  fire  (water  containing  0'5  per  cent,  of  ether  takes  fire), 
and  had  scarcely  any  odour  of  ether.     It  was  thus  found  that  an 
aqueous-ethereal  solution  of  the  salts,  which  is  homogeneous  when 
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cold,  separates,  on  warming,  into  a  "  water  "  solution  nearly  free 
from  ether,  and  an  "  ether  "  solution  which,  from  the  volumes  of 
the  two  solutions,  can  contain  but  little  water. 

In  order  to  determine  how  the  mercuric  and  potassium  iodides 
are  apportioned  in  all  the  three  layers,  a  solution  was  made  which 
gave  three  layers  at  a  temperature  below  the  boiling  point  of  ether. 

Fig.  2. 
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The  three  layers  can  then  be  produced  in  a  stoppered  burette,  and 
run  off  and  analysed.  It  was  found  that  with  1  molecular  pro- 
portion of  salt  to  20  molecular  propoctions  of  water  and  33  of  ether, 
a  separation  into  three  layers  is  obtained  at  29°.  The  '  water  " 
layer  measured  0  6  c.c,  haid  a  concentration  of  1  gram  per  c.c, 
and  contained  Hglo :  KI  =  2 :  3  mols.  The  "  middle  "  layer  measured 
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6'2  c.c,  had  a  concentration  of  0'4  gram  per  c.c,  and  contained 
Hgl2:  KI  =  1:  1  mol.  The  "ether"  layer  measured  31  c.c,  had  a 
concentration  of  0"1  gram  per  c.c,  and  contained  HglgC  KI  =  7:  6 
mols. 

It  will  be  noticed  that  the  "  water "  solution  contains  more, 
and  the  "  ether  "  solution  less,  potassium  iodide  than  is  represented 
by  the  simple  molecular  proportions  Hgig :  KI.  It  was  found  that 
"  wet  "  ether  will  dissolve  mercuric  iodide  and  potassium  iodide  in 
any  proportions  between  the  lower  limit  KI:  Hgl2  and  the  upper 
limit  KI:  2Hgl2.  The  upper  limit  of  solubility  of  water  is 
KI :  Hgl2,  whilst  there  is,  of  course,  no  lower  limit. 

There  seems  no  doubt  that  this  separation  of  a  homogeneous 
solution  into  layers  on  warming  is  associated  with  the  temperature 
changes  which  occur  on  making  the  solutions.  There  are  four 
operations,  three  of  which  occur  with  evolution  of  heat,  and  one 
with  absorption  of  heat.  In  the  first  place,  mercuric  iodide  and 
potassium  iodide  together  dissolve  in  water  with  absorption  of  heat. 
The  same  salts  dissolve  in  ether  with  evolution  of  heat.  Further, 
ether  dissolves  in  the  "  water  "  solution  with  evolution  of  heat,  and 
water  also  dissolves  in  the  "  ether "  solution  of  the  salts  with 
evolution  of  heat.  It  would  be  expected  that  the  effect  of  raising 
the  temperature  would  be  to  assist  the  change  which  occurs  with 
absorption  of  heat,  and  to  prevent  those  changes  which  occur  with 
evolution  of  heat.  Thus  either  ether  will  be  expelled  from  solution, 
which  happens  at  low  concentrations,  or  water  will  be  expelled, 
which  happens  at  high  concentrations,  or  both  ether  and  water  will 
be  expelled,  and  further  the  salts  will  be  expelled  from  the  "  ether  " 
solution  into  the  "  water  "  solution.  There  is  thus  eventually  pro- 
duced, at  a  sufficiently  high  temperature,  a  strong  aqueous  solution, 
together  with  a  weak  ethereal  solution  of  the  two  salts.  These 
changes  are  reversed  on  cooling.  If  not  shaken,  however,  the 
solutions  may  be  kept  apart  when  cooled ;  they  mix  then  on  shaking 
without  change  of  temperature  or  volume.  The  great  concentration 
of  salts  in  the  "  water "  layer  is  well  shown  by  heating  a  tube, 
containing  1  molecular  proportion  of  salt  to  12'5  molecular  pro- 
portions of  water,  to  about  70°,  and  then,  without  shaking,  cooling 
rapidly  to  0°.  The  "  water  "  layer  now  becomes  filled  with  crystals 
of  the  double  salt  mixed  with  the  red  crystals  of  mercuric  iodide. 


Compounds  of  Two  Haloid  Salts  tvith  Ether. 

A  number  of  compounds  analogous  to  the  compound  KHgls^EtjO  W 

were   also    prepared.     The    alkali-metal    iodides   form   liquid    com-  ^ 

pounds  with  mercuric    iodide  and  ether,  with    the   exception    of  t 
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rubidium  and  caesium  iodides.     The  compounds  obtained  have  the 
following  formulae: 

NaI,HgT2,6Et20 

KI,Hgl2,4Et20 

LiI,HgI.,.6Et20  LiBr,HgT5,4Et20  [LiC^Hgl^]] 

LiI,HgBr.„5Et20         LiBr,HgBr2,4Et20         LiCl,HgBr2,Et201 
[Lil.HgCfa?]  LiBr,HgCl2,Et20  ?  [LiC^HgCl.^l] 

LiI,AgI,3Et20 
LiI,CuI,4Et20 

The  compound  KI,Hgl2,4Et20  is  described  on  p.  2298.  The 
amount  of  ether  (4  molecules)  is  approximately  correct  at  the 
ordinary  temperature,  but  the  compound  is  affected  by  a  rise  of 
temperature  with  loss  of  some  of  the  ether.  This  effect  is  found  to 
be  a  general  one  for  this  class  of  substances  even  when  they  are 
contained  in  sealed  tubes ;  it  is  small  in  the  case  of  the  lithium  and 
sodium  mercuri-iodides.  The  experiments  which  are  now  to  be 
described  are  not  therefore  intended  to  furnish  accurate  analytical 
data,  but  rather  to  show  how  the  substances  were  obtained.  They 
indicate  also  that  the  constituents  are  combined  at  the  ordinary 
temperature  in  approximately  simple  molecular  proportions,  the 
amount  of  the  solvent  being  limited  to  six  molecules  or  less.  The 
liquids  can,  however,  hardly  be  regarded  as  "  definite  "  compounds 
in  the  ordinary  sense,  nor  are  they  ordinary  solutions,  since  they  are 
saturated  both  for  salt  and  for  solvent.  They  seem  to  be  of  a 
nature  intermediate  between  a  solution  and  a  chemical  compound. 

Compounds  of  Iodides  with  Mercuric  Iodide  and  Ether. 

Lithium  Iodide. — Lithium  iodide  alone  is  readily  soluble  in  dry 
ether,  although  not  in  undried  and  "  wet "  ether.  It  does  not, 
however,  form  a  liquid  compound  with  a  limited  amount  of  ether 
in  presence  of  excess  of  ether. 

1"4  Grama  of  lithium  iodide  and  505  grams  of  mercuric  iodide 
were  mixed  in  a  stoppered  burette  with  10  c.c.  of  dry  ether,  when 
all  dissolved  rapidly,  forming  two  liquid  layers.  The  volume  of 
the  solution  was  815  c.c,  and  that  of  the  upper  ether  layer  255  c.c. 
The  latter  left,  on  evaporation,  0015  gram  of  solid  residue,  con- 
sisting of  lithium  mercuri-iodide,  LiHglj.  Hence  the  liquid  com- 
pound contained  1387  grams  of  lithium  iodide,  5038  grams  of 
mercuric  iodide,  and  745  c.c.  of  ether  in  8"  15  c.c.  From  these 
numbers  is  derived  the  formula  LiljHglg.GEt^O,  and  the  specific 
gravity  1-4^1 

Sodium  Iodide. — 153  Grams  of  sodium  iodide  and  367  grams  of 
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mercuric  iodide  were  sealed  in  a  tube  with  6  c.c.  of  dry  ether.  The 
contents  of  the  tube  liquejfied  readily  on  shaking,  with  the  exception 
of  some  sodium  iodide,  of  which  excess  was  taken  by  accident.  The 
ether  not  required  was  0'8  c.c.  The  formula  of  the  compound 
formed  is  NaI,Hgl2,6Et20. 

Rubidium  Iodide. — Rubidium  iodide  and  mercuric  iodide  in 
contact  with  dry  ether  gave  no  liquid  compound.  There  is  no 
apparent  action  at  first,  but  after  some  days  the  red  mercuric  iodide 
disappears,  and  its  place  is  taken  by  a  yellow,  crystalline  substance. 

Caesium  Iodide. — Csesium  iodide  and  mercuric  iodide  gave  no 
liquid  compound  with  ether,  and  after  several  months  most  of  the 
mercuric  iodide  appeared  to  be  unchanged. 

Silver  Iodide. — Silver  iodide  and  mercuric  iodide  in  ether  do  not 
appear  to  suffer  any  change. 

Strontium  Iodide. — 1'44  Grams  of  strontium  iodide  and  3 "67 
grams  of  mercuric  iodide,  with  6  c.c.  of  dry  ether,  liquefied  and 
combined  with  2*63  c.c.  of  the  ether;  hence  the  formula  of  the 
liquid  compound  is  Srl2,2Hgl2,6Et20. 

Aluminium  Iodide. — Aluminium  iodide  and  mercuric  iodide  did 
not  give  any  liquid  compound  with  ether,  but  the  colour  of  the 
mercuric  iodide  disappeared  with  the  formation  of  a  yellow  pre- 
cipitate and,  after  a  time,  of  large,  colourless  crystals. 

Hydrogen  Iodide. — 1'27  Grams  of  mercuric  iodide  were  mixed 
with  3  c.c.  of  dry  ether,  and  dry  hydrogen  iodide  was  passed  in 
until  the  mercuric  iodide  just  dissolved.  Two  layers  of  liquid  were 
formed,  and  the  upper  layer  of  unused  ether  measured  2*25  c.c. 
The  probable  formula  of  the  compound  is  HI,Hgl2,3Et20. 

Tetramethylammonium  Iodide. — Tetramethylammonium  iodide 
and  mercuric  iodide  suffer  no  apparent  change  in  dry  ether  after 
several  months. 

Ammonium  Iodide. — The  compound  of  ammonium  iodide  and 
mercuric  iodide  with  ether  differs  from  the  other  compounds 
described,  in  that  its  composition  is  different  at  different  tem- 
peratures. 0'584  Gram  of  ammonium  iodide  and  1'83  grams  of 
mercuric  iodide,  with  3  c.c.  of  dry  ether,  gave  two  liquids,  the 
unused  ether  measuring  O'S  c.c.  This  agrees  with  the  formula 
NH4l,Hgl2,5Et20.  At  about  80°,  1  molecule  of  ether  is  expelled 
from  the  lower  to  the  upper  layer  in  the  sealed  tube.  Thus  the 
compound  NH4l,Hgl2,4Et20  is  left. 

If  water  is  added  to  ammonium  and  mercuric  iodides  dissolved 
in  excess  of  ether,  no  crystalline  hydrate  separates,  but  the  water 
is  absorbed  to  a  certain  amount,  and  then  any  excess  of  water 
remains  undissolved  as  a  light  layer  floating  on  the  heavy  ether 
solution.     The  water  layer  contains  very  little  of  the  salt  dissolved. 
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Compounds  of  Bromides  tvith  Mercuric  Bromide  and  Ether. 

Lithium  Bromide. — 0'4  Gram  of  lithium  bromide  and  18  grams 
of  mercuric  bromide  were  sealed  in  a  tube  with  3  c.c.  of  dry  ether. 
The  mixture  readily  liquefied,  and  formed  two  layers.  The  amount 
of  ether  in  excess  was  1*02  c.c,  hence  the  formula  of  the  liquid 
compound  is  LiBr,HgBr2,4Et^O. 

Sodium  Bromide. — Sodium  bromide  and  mercuric  bromide  gave 
no  liquid  compound  with  ether. 

Ammonium,  Bromide. — 1'43  Grams  of  ammonium  bromide  and 
5'3  grams  of  mercuric  bromide  were  sealed  in  a  tube  with  5*5  c.c. 
of  ether.  The  salts  liquefied,  but  not  quite  completely,  and  required 
3' 66  c.c.  of  ether.     This  agrees  with  the  formula 

NH4Br,HgBr2,2-5Et20. 
This  compound,  however,  like  the  corresponding  iodide,  loses  ether 
when  warmed  in  the  sealed  tube,  leaving  not  another  liquid  com- 
pound, but  a  solid  mass,  with  loss  of  probably  all  the  ether.  The 
mass  slowly  unites  again  with  the  ether  when  cold.  Further,  when 
the  liquid  compound  itself  is  cooled  to  about  10°,  it  sets  to  a  solid 
mass  of  colourless  crystals  without  any  loss  of  ether. 

Lithium,  Chloride  and  Mercuric  Chloride. 

0'42  Gram  of  lithium  chloride  and  2'71  grams  of  mercuric 
chloride  were  sealed  with  3  c.c.  of  dry  ether  in  a  tube.  No  liquid 
compound  was  obtained,  but,  on  long  keeping,  crystals  formed  in 
the  tube. 

Mixed  Halogen  Salts  and  Ether. 

Lithium  Bromide,  Mercuric  Iodide,  and  Ether. — 0'45  Gram  of 
lithium  bromide  and  2'27  grams  of  mercuric  iodide  were  mixed  with 
3  c.c.  of  dry  ether  in  a  sealed  tube.  The  salts  liquefied, 
taking  up  215  c.c.  of  ether.  From  these  numbers  the  formula 
LiBr,Hgl2,4Et20  is  derived. 

Lithium  Iodide,  Mercuric  Bromide,  and  Ether. — 0'76  Gram  of 
lithium  iodide  and  2*  15  grams  of  mercuric  bromide  liquefied  in 
contact  with  4  c.c.  of  dry  ether,  and  required  314  c.c.  for  solution; 
hence  the  formula  of  the  compound  is  LiI,HgBr2,5Et20.  Neither 
lithium  chloride  with  mercuric  iodide  nor  lithium  iodide  with 
mercuric  chloride  gave  any  liquid  compound  with  ether. 

Lithium  Bromide,  Mercuric  Chloride,  and  Ether. — 0'85  Gram  of 
lithium  bromide  and  265  grams  of  mercuric  chloride  were  mixed 
with  4  c.c.  of  dry  ether.  The  action  was  slow  and  did  not  appear 
complete,  but  partial  liquefaction  occurred.  The  amount  of  ether 
taken  up  was  106  c.c. ;  hence  the  probable  formula  of  the  compound 
is  LiBr,HgCIo,Et;0. 
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Lithium  Chloride,  Mercuric  Bromide,  and  Ether. — 0'21  Gram  of 
lithium  chloride  and  1"8  grams  of  mercuric  bromide  became  pasty 
in  contact  with  2  c.c.  of  dry  ether  without  completely  liquefying. 
The  amount  of  ether  taken  up  was  0'7  c.c. ;  hence  the  probable 
formula  of  the  compound  is  LiCl,HgBr2,Et20. 

All  the  liquid  compounds  with  ether  mentioned  above  contain  a 
mercury  salt  as  one  constituent.  The  following  are  examples  of 
liquid  ether  compounds,  where  silver,  lead,  and  copper  iodides  take 
the  place  of  mercury  salts. 

Lithium,  Iodide,  Silver  Iodide,  and  Ether. — 1'82  Grams  of  lithium 
iodide  and  2*67  grams  of  silver  iodide  were  sealed  with  6  c.c.  of  dry 
ether  in  a  tube.  Liquefaction  took  place  rapidly,  two  layers  were 
formed,  and  3"6  c.c.  of  ether  were  taken  up.  From  this  the  formula 
LiI,AgI,3Et20  is   deduced. 

Lithium  Iodide,  Copper  Iodide,  and  Ether. — 1'45  Grams  of 
lithium  iodide  and  2*05  grams  of  cuprous  iodide  were  sealed  in  a 
tube  with  5  c.c.  of  dry  ether.  A  liquid  compound  was  obtained, 
but  was  not  clear.  The  ether  not  used  was  0'85  c.c.  Hence  the 
probable  formula  of  the  compound  is  LiI,CuI,4Et20. 

Lithium  Iodide,  Lead  Iodide,  and  Ether. — 0'87  Gram  of  lithium 
iodide  and  2 "62  grams  of  lead  iodide  were  sealed  in  a  tube  with 
4  c.c.  of  dry  ether.  Ether  was  absorbed,  and  the  compound  formed 
was  solid  and  crystalline.  It  melted  partly  on  warming,  but  a  clear 
liquid  was  not  formed.  The  composition  is  doubtful;  apparently 
between  3  and  4  molecules  of  ether  are  required. 

University  Museum, 
Oxford. 


CCXLII. — The  Relation  between  the   Crystal  Structure 
and   the   Chemical   Composition,   Constitution,  and 
Configuration  of  Organic  Substances. 
By  William  Barlow  and  William  Jackson  Pope. 

During  the  last  few  years  the  authors  have  investigated  a  novel 
method  of  studying  the  relations  between  crystalline  and  molecular 
structure,  and  have  demonstrated  the  existence  of  a  very  simple 
relation  between  the  two  species  of  structure  in  a  great  variety  of 
cases  (Trans.,  1906,  89,  1675;  1907,  91,  1150;  1908,  93,  1528); 
the  principles  involved  in  the  method  referred  to  were  briefly 
summarised  in  the  introduction  of  the  last-mentioned  communi- 
cation.    One  of  the  chief  results  of  this  work  has  been  to  demonstrate 
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that,  in  a  given  crystalline  substance,  the  volumes  appropriated 
by  the  spheres  of  influence  of  the  different  atoms  contained  in  the 
molecule  are  approximately  proportional  to  the  numbers  represent- 
ing the  respective  fundamental  valencies;  this  conclusion  has  been 
independently  verified  for  hydrocarbons  and  their  simple  derivatives 
containing  oxygen  or  nitrogen  in  the  liquid  state  by  Le  Bas  (Trans., 
1907,  91,  112';  Phil.  Mag.,  1907,  [vi],  14,  324;  1908,  16,  60).  The 
latter  author,  indeed,  carries  the  valency  law  a  step  further  by 
showing  that  throughout  a  series  of  liquid  hydrocarbons,  under 
corresponding  conditions,  the  atomic  volumes  are  directly  pro- 
portional to  the  numbers  representing  the  fundamental  valencies  of 
the  elements  carbon  and  hydrogen. 

In  view  of  the  close  relation  which  has  been  shown  to  exist 
between  the  sum  of  the  fundamental  valencies  of  the  atoms  com- 
posing the  molecule — the  valency  volume — and  the  crystalline 
structure  affected  by  the  substance,  it  is  convenient  to  derive 
constants  for  related  series  of  substances  which  are  simple  functions 
of  the  valency  volume  and  of  the  crystalline  structure  as  expressed 
by  the  geometrical  data.  We  have  therefore  introduced  the  so-called 
"  equivalence  parameters,"  x,  y,  and  z,  which  are  the  lengths  of  the 
edges  of  a  parallelepidon,  of  which  the  volume  is  the  valency  volume, 
Wy  and  of  which  the  relative  linear  and  angular  dimensions  accord 
with  the  axial  ratios  and  the  interaxial  angles  (Trans.,  1906,  89, 
1681) ;  the  equivalence  parameters  are  calculated  as  follows : 


^  =  \^ 


c  sin  A  sin  P  sin  y 

The  important  nature  of  the  information  to  be  obtained  by  the 
aid  of  the  equivalence  parameters  has  been  fully  demonstrated  in 
our  previous  papers,  and  by  Jaeger  (Trans.,  1908,  93,  517), 
Jerusalem  (Trans.,  1909,  95,  1275),  and  Armstrong  (this  vol., 
p.  1578). 

In  the  present  paper  we  propose  to  discuss  the  close-packed 
assemblages  representing  the  molecular  composition,  constitution, 
and  configuration  of  the  paraffinoid,  ethylenic,  and  acetylenic  hydro- 
carbons. As  a  result  of  this  investigation  we  shall  be  able  to  show 
that,  adopting  the  same  principles  as  have  been  previously  laid 
down,  each  hydrocarbon  haa  its  own  specific  kind  of  structural  unit, 
and  that  geometrical  peculiarities  are  distinguishable  in  the 
appropriate  assemblages  corresponding  with  the  presence  in  the 
molecule  of  single,  double,  and  triple  bonds  between  carbon  atoms. 
It  will  further  be  shown  that  the  configurations  derived  for  the 
various  hydrocarbons  by  closely  packing  spheres  of  magnitudes 
appropriate  for  representing  the  spheres  of  influence  of  their  atoms 
are  in  accordance  with  the  conclusions  of  van't  Hoff  and  Le  Bel 
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concerning  the  environment  of  a  methane  carbon  atom.  Finally, 
it  will  be  shown  that  a  process  of  simple  adjustment  furnishes  a 
geometrical  interpretation  of  polymerisation  and  isomeric  change, 
such,  for  instance,  as  the  conversion  of  acetylene  into  benzene.  As 
a  preliminary  to  the  main  argument,  and  in  justification  of  the 
methods  employed,  a  passing  reference  may  be  made  to  one  or  two 
simple  considerations  and  the  data  supporting  them. 

Concerning  the  legitimacy  of  attributing  to  carbon  a  sphere  of 
atomic  influence  four  times  as  large  as  that  of  hydrogen,  little  more 
now  remains  to  be  said.  Since  we  first  drew  this  conclusion,  Le  Bas 
has  conclusively  proved  the  atomic  volume  of  carbon  to  be  four 
times  that  of  hydrogen,  and  Jerusalem  has  shown  the  same  relation 
to  hold  approximately  as  between  crystalline  substances  which  are 
not  examined  under  strictly  corresponding  conditions.  Most  of  the 
hydrocarbons  of  the  series  with  which  we  have  now  to  deal  are, 
however,  either  liquid  or  gaseous  under  ordinary  conditions,  and 
therefore  yield  no  crystallographic  data  for  employment  as  a  direct 
experimental  check.  For  our  present  purpose  it  is  consequently 
necessary  to  use  crystallographic  data  referring  to  the  halogen 
derivatives  of  hydrocarbons,  and  to  rely  on  them  to  furnish  the 
necessary  check  on  the  dimensions  of  the  hydrocarbon  assemblages 
described.  The  legitimacy  of  the  use  of  these  derivatives  for  this 
purpose  depends  on  our  previous  conclusion  that  the  spheres  of 
atomic  influence  of  hydrogen  and  the  halogens  differ  but  slightly 
in  volume  when  contained  in  the  same  molecular  complex  (Trans., 
1906,  89, 1679),  although  the  sphere  of  atomic  influence  of  hydrogen 
is  somewhat  smaller  than  those  of  the  halogens  (Trans.,  1907,  91, 
1197).  That  the  spheres  of  atomic  influence  of  hydrogen  and  the 
halogens  have  approximately  the  same  valency  volume  may  be 
conveniently  demonstrated  by  showing  that  the  chemical  substitution 
of  a  halogen  atom  for  one  of  hydrogen  in  a  crystalline  substance  is 
frequently  not  accompanied  by  a  profound  change  in  axial  dimen- 
sions; in  the  instances  quoted  below,  it  will  be  seen  that  the 
geometrical  change  accompanying  the  substitution  in  question  is 
in  general  greater  than  that  ordinarily  observed  in  cases  of  iso- 
morphism, but  not  so  great  as  t-o  obscure  the  obvious  morphotropic 
relationship.  The  comparatively  large  change  in  axial  dimensions 
which  is  in  general  thus  presented,  and  also  the  rarity  of  such 
instances,  must  be  attributed  to  the  sphere  of  atomic  influence  of 
hydrogen  differing  appreciably  in  magnitude  from  thdse  of  chlorine, 
bromine,  or  iodine,  the  latter  being  much  more  nearly  of  the  same 
size;  the  discrepancy  in  volume  between  the  spheres  of  hydrogen 
and  of  the  halogens  is,  however,  not  sufficient  to  necessitate  the 
employment    of  different   sizes    of  spheres    of  influence  for  those 
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elements   in   the    construction    of     the     close-packed     assemblages 
described  below. 

The  substitution  of  hydrogen  by  bromine,  unaccompanied  by 
considerable  changes  in  axial  dimensions,  is  illustrated  by  the  data 
for  the  monosymmetric  pentabromoethane  and  the  orthorhombic 
hexabromoethane  (Trans.,  1906,  89,  1682) : 

CHBvCBrj a  :  b  :  c  =  0-5650  :  1  :  0-311S  ;  )3  =  9ri9' 

CBra'CBrs ...         a  :  b  :  c  =  0-5639  :  1  :  0-3142  ;  3  =  90° 

A  similar  case  is  presented  by  the  orthorhombic  7r-sulphonyl 
chlorides  and  bromides  of  camphor  and  of  a-bromo-  and  o-chloro- 
camphor  (Kipping  and  Pope,  Trans.,  1893,  63,  548;  1895,  67, 
367) : 

d-CioHi^O'SOaCl  a  :  h  :  c  =  0  99S0  :  1  :  10368 

rf-CioHisO-SOaBr  a  :  b  :  f  =  0-9816  :  1  :  1-0249 

(Z-Ci(,H,jOBi'SOoCl a:b:  c  =  0-8912  :  1  :  10518 

d-Ci„Hi40Cl-S02Br a -.  b  :  c  =  0-8795  :  1  :  10494 

The  axial  dimensions  of  the  monosymmetric  p-azoxytoluene  and 
its  monobromo-derivative  are  almost  identical  (v.  Zepharovitch, 
Zeitsch.  Kryst.  Min.,  1889,  15,  214),  and  a  similar  relationship 
holds  between  the  values  for  the  orthorhombic  p-tolyl-mono-  and 
di-chloro-methylsulphones  (Brugnatelli,  Zeitsch.  Kryst.  Min.,  1892, 
20,  604—605) : 

p-Azoxytoluene a  :  6  :  c=r4971  :  1  :  1-0196  ;  )3  =  75°30' 

Bromo-;?azoxytoluene a  :  b  :  c  =  l-5194  -.1  :  1  01  ;      /3  =  7f»°28'30" 

p-Tolylraonochloromethylsul phone    ...  a  :  6  :  c  =  0-6070  :  1  :  0  7865 

;^-Tolyldichloroinethylsulphoiie a  :  6  :  c  =  0-5324  :  1  :  07912 

Acetamide  is  rhombohedral  with  a:  c  =  1:0-5916  (Kahrs, 
Zeitsch.  Kryst.  Min.,  1905,  40,  476);  on  referring  the  substance  to 
rectangular  axes  by  changing  the  indices  {100},  [101}.  and  {HO} 
to  {110},  {301},  and  {301}  respectively,  the  values  are  obtained  as: 

a:b  :  r=l-6904  :  1  :  0*9759  ;  /3  =  90°. 

Dibromoacetamide  is  monosymmetric  with  a:  h :  c  = 
1-6887:  1:  1*2785,  ^  =  9,1°2'  (Fock,  Zeitsch.  Kryst.  Min.,  1888,  14, 
538) ;  when  the  transposition  involved  in  changing  the  indices  of 
{203}  to  {101}  is  made,  the  axial  ratios  are  obtained  as  a:  6:  c  = 
1-6887:  1:  0-8625,  i8  =  87°2^  The  change  of  indices  here  made  is 
legitimate,  because  the  form  {203}  is  actually  observed.  Tribromo- 
and  trichloro-acetamide  are  also  monosymmetric,  and  exhibit 
the  axial  ratios  a:  6  :  c  =  r7339 :  1 :  08636,  i8-79°37/,  and 
1-7485:  1:  08490,  /3  =  78°36'  respectively.  The  four  seta  of  axial 
ratios  show  a  fairly  close  agreement. 

The  orthorhombic  monochloro-p-benzoquinone  exhibits  the  axial 
ratios,  a:  h  :  c  =  l-7461 :  1 :  09619  (Fels,  Zeitsch.  Kryst.  Min.,  1903, 
37,     479);     these     ratios,     expressed     in     the     form     b:c:a  = 
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1'0396:  1:  r8153,  closely  approximate  to  those  of  the  mono- 
symmetric  dichloro-jj-benzoquinone  (Fock,  Zeitsch.  Kryst.  Min., 
1883,  7,  40),  namely,  a:  6 :  c  =  r0920 :  1 :  1-8354,  j8  =  89°ll/, 
and  dibromo-y-benzoquinone  (Fels,  loc.  cit.),  which  exhibits 
a:  &:  c  =  l-0941:  1:  1-8229,  )8  =  92°32'.  The  three  substances 
are,  however,  pseudohexagonal,  and  the  morphotropic  relation 
between  them  is  probably  even  closer  than  is  indicated 
by  the  above  axial  ratios.  Thus,  on  changing  the  forms 
{lOT},  {101},  {100},  and  {103}  observed  on  dibromo-y-benzoquinone 
to  {001},  {101},  {103},  and  {100}  respectively,  the  axial  ratios 
become  a:  6  :  c  =  l-7416 :  1 :  0-9491,  )8  =  90°41'.  These  values 
approximate  much  more  closely  to  the  original  ones  given  above 
for  monochloro-jj-benzoquinone  than  do  those  stated  by  Fels.  It  is 
in  any  case  clear  that,  contrary  to  the  views  of  Griinling  {Zeitsch. 
Kryst.  Min.,  1883,  7,  582)  and  of  Fels,  very  little  change  in  axial 
dimensions  attends  the  passage  from  monochloro-^J-benzoquinone  to 
dichloro-  or  dibromo-jj-benzoquinone. 

In  the  instances  quoted  above,  the  replacement  of  hydrogen  by 
a  halogen  atom  leads  to  no  very  profound  change  in  crystallographic 
dimensions.  The  same  kind  of  relation  as  is  thus  expressed  must 
be  looked  for  amongst  halogen  derivatives  which  are  position 
isomerides,  and  several  instances  from  amongst  such  substances  may 
next  be  quoted. 

The  di-  and  tri-halogen  derivatives  of  camphor  have  been  very 
completely  examined  by  (1)  v.  Zepharovitch  {Zeitsch.  Kryst.  Min., 
1883,  7,  588),  (2)  Cazeneuve  and  Morel  {ibid.,  1888,  14,  267),  (3) 
Kipping  and  Pope  (Trans.,  1895,  67,  371),  and  (4)  Armstrong  and 
Lowry  {ibid.,  1898,  73,  579).  The  close  morphotropic  relationship 
between  these  orthorhombic  substances  becomes  evident  on  inter- 
changing the  dimensions  b  and  c  in  the  data  (1)  and  (2),  dividing 
dimension  b  by  two  and  writing  b  for  a,  c  for  b,  and  a  for  c  in  the 
data  (3),  and  leaving  data  (4)  as  stated  by  Armstrong  and  Lowry; 
the  following  values  are  thus  obtained : 


Grig 


(1) 
(2) 

(3) 


(4) 


oo-Dibromocamphor    0'7925 

oo-Dichlorocamphor   0-8074 

oo-Bromochlorocamphor    0-8040 

oir-Dichlorocaiiiphor   0-6933 

oir-Dibromocamphor  0-6860 

oir-Chlorobromocaniphor   06884 

OTT-Bromochlorocamphor    0'6861 

oo-Chlorobromocainphor    1"5338 

)3oa-Dibroinoohlorocainphor ...  1-4627 


nal, 

c. 


O-.IHS 
0-5448 
0-5'228 
0-3'297 
0-3323 
0-3301 
0-3317 
1-9020 
2-1332 


Transposed 
a  :  b  :  c. 
1 
1 
1 
1 
1 
1 
1 
1 
1 


•5409 
•4830 
•5379 
•5160 
•5148 
•5074 
•5045 
•5338 
•4627 


•9943 
•8365 
•8355 
•1029 
•0856 
•0642 
•0684 
•9020 
•1382 


Jaeger  has  shown  {Zeitsch.  Kryst.  Min.,  1904,  38,  570)  that  the 
monosymmetric  position  isomerides,  the  1:2:4-  and  the  1:3:  4-tri- 
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bromotoluenes,  have  almost  identical  axial  ratios,  namely,  a:  h  :  c  = 
3-5283:  1:  41958,  )8  =  58°47',  and  a:  6  :  c  =  3-5470 :  1 :  42603, 
j3  =  58°55',  respectively. 

A  large  number  of  instances  similar  to  those  quoted  above  might 
be  selected  from  the  crystallographic  literature,  but  the  above  will 
suffice  to  confirm  our  previous  conclusion  that  the  sphere  of  atomic 
influence  of  hydrogen  diflfers  but  slightly  in  volume  from  those  of 
the  halogen  elements,  and  consequently  that  they  are  all  represented 
in  the  close-packed,  homogeneous  assemblage  with  sufficient 
exactness  by  spheres  of  the  same  size.  In  the  following  pages  we 
shall  therefore  assume  that  the  crystallographic  configuration  of 
any  hydrocarbon  can  be  presented  under  some  conditions  by  its 
halogen  derivatives,  and,  when  crystallographic  data  are  available 
for  any  of  the  latter,  shall  directly  employ  those  data  for  checking 
the  correctness  of  the  assemblage  derived  for  the  hydrocarbon  itself. 
In  connexion  with  the  concluding  portions  of  this  communication, 
in  which  the  occurrence  of  polymerisation  and  isomeric  change  is 
treated,  it  may  possibly  be  suggested  that  no  method  of  discussion 
involving  considerations  connected  with  crystal  structure  can  be 
justified,  inasmuch  as  such  changes  occur  in  general  in  the  liquid 
or  even  in  the  gaseous  state.  To  this  objection  the  reply  is  made 
that  the  great  mass  of  work  done  during  recent  years  on  so-called 
liquid  crystals  has  greatly  extended  the  domain  of  crystal  structure. 
It  is  now  known  that  in  those  liquid  substances  which  exist  in  the 
liquid  crystalline  condition,  tracts,  so  large  as  to  be  readily  discerned 
microscopically,  exist  in  which  the  regularity  of  arrangement 
exhibited  by  solid,  crystalline  structures  is  present.  These  tracts 
are  continually  forming  and  disappearing,  and  their  occurrence 
indicates  clearly  that  in  these  mobile  liquids  the  particles  aggregate 
themselves  together  in  masses  which,  measured  on  a  molecular  scale, 
are  of  enormous  extent,  and  in  which  very  complete  regularity  of 
structure  prevails.  Since,  in  such  instances  as  these,  the  eye  can 
discern  the  existence  of  a  liquid,  crystalline  structure,  it  is  legitimate 
to  assume  that  in  liquids  generally,  arrangements  of  parts,  com- 
parable in  regularity  with  crystalline  structures,  are  being  con- 
tinually formed  and  dissolved,  although  possibly  not  to  such  an 
extent  as  in  the  cases  of  known  liquid  crystals.  The  occasional 
juxtaposition  of  parts  in  orderly  close-packed  arrangement  thus 
premised  is  all  that  is  required  to  legitimise  the  discussion  of 
isomeric  change  in  connexion  with  crystalline  structure. 

Methane. 

As  a  preliminary  to  an  attempt  to  apply  the  methods  which  we 
have  previously  described  to  the  elucidation  of  the  configurations 
VOL.  xcvil.  7   M 
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and  properties  of  the  paraffins,  it  is  necessary  briefly  to  enumerate 
the  available  chemical  and  crystallographic  facts  and  conclusions 
bearing  on  the  configuration  of  the  simplest  paraffin,  methane. 
The  following  may  be  quoted  as  sufficient  to  lead  to  the  construction 
of  the  homogeneous  close-packed  assemblage  of  spheres  which  repre- 
sents this  hydrocarbon. 

(1)  In  accordance  with  the  conclusions  respecting  valency  which 
we  have  previously  drawn  (Trans.,  1906,  89,  1723),  the  space  appro- 
priated in  the  methane  assemblage  by  each  carbon  atom  should 
be  four  times  as  large  as  that  appropriated  by  each  hydrogen  atom. 

(2)  Carbon  tetrabromide,  CBr^,  possesses  the  same  configuration 
as  methane,  and  its  assemblage  will  be  represented  by  the  same 
spheres.  The  halogen  derivative  is  dimorphous,  crystallising  above 
47°  in  the  cubic  system  (Rothmund,  Zeitsch.  'physikal.  Ghem.,  1897, 
24,  712)  and  at  the  ordinary  temperature  in  the  monosymmetric 
system.  Carbon  tetrachloride  and  tetraiodide  crystallise  in  the 
cubic  system. 

(3)  Stereochemical  facts  indicate  that  in  the  free  methane 
molecule  the  four  hydrogen  atoms  are  situated  at  the  apices  of  a 
regular  tetrahedron  described  about  the  carbon  atom,  and  that  this 
tetrahedral  environment  of  the  methane  carbon  atom  must  be 
regarded  as  surviving  a  substitution  of  one  or  more  of  the  four 
hydrogen  atoms  by  other  atoms  or  radicles. 

(4)  The  assemblage  representing  methane,  built  up  in  accordance 
with  the  principles  laid  down  in  previous  papers,  should  be  capable 
of  geometrical  modification  so  as  to  yield  assemblages  representing 
other  paraffins;  the  geometrical  process  thus  involved  should  be 
strictly  illustrative  of  the  practical  methods  by  which  methane  can 
be  converted  into  these  homologous  paraffins.  It  should  thus  be 
possible  to  derive  one  assemblage  corresponding  in  composition, 
constitution,  and  configuration  with  each  paraffinoid  hydrocarbon. 
An  extension  of  the  same  method  should  lead  to  the  derivation  of 
characteristic  assemblages  for  other  aliphatic  hydrocarbons  and 
compounds  other  than  the  paraffins ;  the  applications  should  embrace 
all  the  varieties  of  isomerism,  and  express  the  facts  that  have  led 
to  the  conception  of  the  asymmetric  carbon  atom. 

An  assemblage  which,  both  as  a  whole  and  when  partitioned, 
fulfils  the  above  and  other  conditions  concerning  methane  is 
arrived  at  in  the  following  manner.  Alternate  layers  are  removed 
from  a  cubic  closest-packed  assemblage  of  equal  incompressible  but 
deformable  spheres  (Trans.,  1907,  91,  1152),  regarded  as  composed 
of  layers  of  square  arrangement  (Fig.  1),  the  remaining  layers  being 
caused  to  retain  their  original  positions.  The  resulting  skeleton 
assemblage,  which  has  tetragonal  symmetry,  is  shown  in  plan  and 
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Fio.  2. 


I 


elevation  in  Figs.  2  and  3 ;  the  dotted  lines  which  join  the  centres 

of   nearest  spheres   in   the  three   principal    directions    outline    a 

partitioning  of  space 

into       equal       right  '*^'    ' 

square  prisms. 

The  next  step  con- 
sists in  distorting  the 
skeleton  assemblage 
by  a  contraction 
along  it5  fourfold 
axis,  accompanied  by 
a  compensatory  ex- 
pansion in  directions 
transverse  to  this 
axis,  so  that  the 
sphere  centres  finally 
lie  at  the  corners  of 
cubes  equal  in  con- 
tent or  volume  to  the 
original  right  square 
prisms.  The  system 
thus  derived  possesses 
holohedral  cubic 

symmetry,  and  is 
composed  of  spheres 
which  do  not  quite 
touch  one  another ; 
its  projection  parallel 
to  any  cube  plane  is 
shown  in  Fig.  4. 
This  cubic  system, 
like  the  tetragonal 
system  from  which  it 
is  derived,  possesses 
one-half  the  density 
of  packing  of  the 
parent  assemblage ; 
if,  therefore,  small 
spheres  of  the  same 
deformable  material, 
four  times  as  numer- 
ous and  one-fourth  the  volume  of  the  original  large  ones,  are  forced 
into  its  cavities,  and  the  whole  system  is  then  subjected  to  com- 
pression so  as  to  eliminate  the  interstitial  space,  the  polyhedra 
produced  from  the  large  spheres  will  be  about  four  times  as  large  as 
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those  produced  from  the  small  ones.     In  the  skeleton  assemblage  of 
Fig.  4,  the  cavities  are  as  numerous  as  the  spheres ;  if,  therefore,  each 

cavity     bounded     by 
Fig.  3.  eight      neighbouring 

spheres  can  be  made 
to  accommodate  a 
group  of  four  of  the 
small  spheres  in  such 
a  manner  as  to  give 
stable  equilibrium 
and  to  be  compatible 
with  cubic  symmetry, 
several  of  the  more 
essential  conditions 
for  methane  will  be 
obeyed  by  the  assem- 
blage. 

Each  cavity  of  the 
skeleton  assemblage 
described  exhibits  six 
identical  four-sided 
hollows,  the  centres 
of  which  lie  on  three 
rectangular  axes 
drawn  through  the 
centre  of  the  cavity, 
and,  in  placing  a 
tetrahedral  group  of 
the  small  spheres 
within  the  latter,  any 
three  of  the  hollows 
which  lie  nearest 
together  are  selected 
for  the  reception  of 
three  out  of  the  four 
small  spheres  of  the 
group,  one  jutting 
into  each  of  the 
selected  hollows.  The 
fourth  sphere  of  the 
tetrahedral  group 
will  then  touch  that 
sphere  of  the  eight  of  volume  four  which  does  not  border  either  of 
the  selected  hollows,  the  point  of  contact  being  on  the  cube  diagonal 
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which  passes  through  the  centre  of  this  large  sphere.  The  mar- 
shalling thus  arrived  at  for  a  cubic  unit  of  the  assemblage  is  the 
one  required ;  it  has  yet  to  be  shown  what  relative  orientations  of 
the  contents  of  the  different  cube  cells  are  consistent  with  cubic 
symmetry  and  what  adjustment  of  the  arrangement  described  will 
restore  the  close-packing  which  has  been  impaired  by  substituting 
the  tetrahedral  groups  of  small  spheres  for  one-half  of  the  larger 
spheres  of  the  closes tr-packed  assemblage. 

The  introduction  of  the  tetrahedral  group  into  the  cubic  cell  in 
the  manner  described  lowers  the  symmetry  by  destroying  three  of 
the  four  trigonal  axes  of  the  cell;  if  cubic  sjmametry  is  to  survive 
the  introduction  of  such  a  tetrahedral  group  into  each  cavity,  the 
arrangement  of  the  completed  assemblage  must  consequently  be  of 
one  of  the  types  in  which  the  trigonal  axes  do  not  intersect.     The 


Fig.  5. 


» 


mode  of  ascertaining  the  relative  positions  of  the  non-intersecting 
trigonal  axes  has  been  already  described  (Trans.,  1907,  91,  1183); 
its  application  to  the  present  case  leads,  in  the  following  manner, 
to  the  production  of  the  appropriate  type  of  symmetry  for  the 
methane  assemblage. 

In  the  cubic  partitioning  of  space  shown  in  Fig.  4,  one  trigonal 
axis,  a,  of  one  cube  of  the  partitioning  is  drawn  and  produced  in 
both  directions,  so  as  to  pass  through  a  string  of  cubic  cells  which 
are  in  contact  at  their  corners  (Fig.  5),  the  latter  being  centres  of 
carbon  spheres;  in  the  first  selected  cube  of  the  partitioning,  the 
group  of  four  small  or  hydrogen  spheres  is  inserted  in  its  appropriate 
position  with  respect  to  this  trigonal  axis.  In  any  one  of  the  six 
cubic  cells  which  make  face  contact  with  the  first  selected  cube 
cell,   a  single  diagonal   is  drawn,  the   position   chosen   being  such 
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Fig.  6. 


that,  like  c  in  Fig.  6,  it  is  not  parallel  to  the  trigonal  axis  a, 
already  located  and  does  not  intersect  it.  This  last  drawn  diagonal 
is  used  as  a  trigonal  axis,  and  by  rotations  about  it  through  120°,  the 
existing  trigonal  axis  and  group  of  small  spheres  are  transferred 
to  two  new  positions,  so  as  to  locate  other  trigonal  axes  and  groups 
of  hydrogen  spheres  in  the  system.  The  latter  process  is  repeated 
about  the  axes  thus  located  and  about  subsequently  located  axes, 
until  all  the  situations  for  trigonal  axes  in  their  four  orientations 
and  all  the  positions  for  groups  of  small  spheres  derivable  in  this 
manner  have  been  ascertained;  the  minimum  distance  separating 
trigonal  axes  of  different  orientations  is  that  separating  the  two  first 
located.     A  diagram  showing  the  relative  situations  of  the  axes  has 

been  already  given 
(Trans.,  1907,  91,  1183). 
As  a  result  of  this 
series  of  operations,  one 
trigonal  axis  becomes 
located  in  each  cube 
cell  of  the  cubic  par- 
titioning of  space,  but 
the  original  tetrahedral 
group  of  small  spheres 
becomes  transferred  to 
but  one-half  of  these 
cube  cells.  The  cube 
cells  forming  the  half 
system,  distinguished  by 
each  cell  containing  a 
tetrahedral  group  of 
small  spheres,  are  in 
contact  at  their  edges  only ;  they  have  the  arrangement  of  the  light 
or  the  dark  cubes  of  the  previously  described  stack  of  cubes  of  two 
kinds  (Trans.,  1908,  93,  1533,  Fig.  1).  The  skeleton  assemblage 
thus  derived  has  the  symmetry  of  Barlow's  type  1. 

Only  one  kind  of  arrangement  possessing  cubic  symmetry  can  be 
arrived  at  in  the  manner  just  described,  but  there  are  two  alternative 
ways  in  which  to  complete  the  assemblage  homogeneously  by  filling 
the  unoccupied  cavities,  which  are  equal  in  number  to  those 
occupied,  with  the  tetrahedral  groups  of  small  spheres  in  a  manner 
compatible  with  cubic  symmetry;  both  of  these  involve  slight 
adjustment  of  the  skeleton  assemblage,  but  no  re-marshalling.  The 
completion  is  in  both  cases  effected  by  bringing  the  one-half  system 
of  cubes  to  the  place  of  the  other  half  system.  One  of  the  two 
alternative  operations  consists  in  rotating  the  system  through  180° 
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about  an  axis  drawn  perpendicular  to  a  cube  face  and  passing 
through  the  centre  of  a  cube  edge,  such  perpendicular  not  being  a 
digonal  screw  axis  of  the  skeleton  assemblage;  this  involves  the 
addition  of  digonal  rotation  axes  to  the  original  system  of  trigonal 
axes  and  digonal  screw  axes,  and  yields  a  completed  assemblage 
having  the  symmetry  of  Barlow's  type  2.  The  other  operation  is 
one  performed  about  a  centre  of  symmetry  situated  at  a  cube  angle, 
and  leads  to  the  production  of  a  completed  assemblage  having  the 
symmetry  of  Barlow's  type  la  (Zeitsch.  Kryst.  Min.,  1894,  23,  10, 
44).  Both  assemblages  thus  derived  become  very  closely  packed 
as  the  result  of  a  slight  adjustment,  but  the  assemblage  of  type  2, 
which  displays  tetartohedral  cubic  symmetry,  appears  to  be  capable 
by  modification  of  closer  packing  than  the  other.  It  is,  moreover, 
the  assemblage  indicated  by  the  facts  as  representing  methane; 
each  of  the  large  spheres  in  it  is  similarly  situated  with  respect  to 
the  groups  of  small  spheres,  whilst  in  the  assemblage  of  type  la 
the  large  spheres  form  two  sets,  the  members  of  one  of  which  differ 
in  environment  from  those  of  the  other.  The  latter  type  of 
assemblage  probably  has  a  practical  application,  although  not  in 
the  present  connexion. 

With  respect  to  the  relative  orientation  of  the  tetrahedral  groups 
of  small  spheres  in  the  assemblage  of  type  2,  it  is  to  be  noted  that 
the  groups  contained  within  the  one  half  set  of  the  cubes  of  the 
partitioning  are  related  by  a  simple  operation,  besides  that  of 
rotation  about  a  digonal  axis,  to  those  contained  within  the  other 
half  set.  The  relation  consists  in  the  existence  of  fbur  similar 
translations  having  the  four  directions  of  the  sets  of  trigonal  axes. 
Either  of  these  operates  to  bring  a  cubic  cell  to  the  place  of  a 
neighbouring  cubic  cell,  which  is  in  contact  with  the  first  at  one  of 
its  corners.  In  addition  to  being  identical,  the  two  half  systems  of 
cubes  with  their  contained  groups  of  four  small  spheres  consequently 
have  the  same  orientation,  and  the  assemblage  as  a  whole  is 
hemimorphous,  like  the  assemblage  of  type  1  from  which  it  is  derived. 

It  has  been  already  noticed  that  in  order  to  render  the  packing 
close,  a  modification  or  deformation  of  the  whole  assemblage  must 
occur.  The  eight  large  or  carbon  spheres  enclosing  a  single  cavity 
may  be  regarded  as  forming  six  indivisible  quartettes,  one  for  each 
of  the  six  faces  of  the  cubic  cell  containing  the  cavity;  the  four 
spheres  composing  a  quartette  form  two  square  hollows,  one  in  each 
of  its  opposite  faces,  and  these  two  hollows  communicate  with  each 
other  at  the  centre  of  the  quartette.  Where  a  small  sphere  occupies 
the  hollow  on  one  face,  the  existence  of  a  digonal  axis  bisecting  the 
cell  face  involves  the  presence  of  another  small  sphere  in  the  hollow 
on  the  other  face  of  the  same  quartette,  and  therefore  one  half  of 
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the  quartettes  of  large  spheres  in  the  assemblage  are  occupied,  and 
the  other  half  unoccupied,  by  the  smaller  spheres.  It  follows  that 
some  increase  in  the  closeness  of  the  packing  will  be  likely  to 
supervene  if  it  is  possible  symmetrically  to  adjust  the  arrangement  of 
the  larger  spheres,  without  altering  the  marshalling,  in  such  a  way 
as  similarly  to  diminish  the  size  of  one-half  of  the  hollows — the 
unoccupied  ones — while  slightly  increasing  the  size  of  the  rest — the 
occupied  ones.  Three  of  the  six  hollows  present  in  each  cavity, 
namely,  the  unoccupied  ones,  will  in  this  event  become  contracted. 
Such  an  adjustment  of  the  larger  spheres,  which  does  not  alter  the 
type  of  symmetry,  consists  in  a  slight  equal  shift  of  each  large 
sphere  along  its  trigonal  axis  in  either  direction ;  the  choice  made  of 


Fig.  7. 


the  direction  of  shift  for  any  one  sphere  necessarily  determines  the 
directions  for  all  if  the  assemblage  is  to  remain  compatible  with 
the  coincidence  movements  of  type  2.  The  amount  of  shift  is 
limited  by  the  approximation  of  the  large  spheres,  causing  them  to 
come  into  contact  at  points  lying  on  the  digonal  axes  of  rotation 
which  characterise  type  2.  An  importa-nt  feature  of  the  change  is 
that  the  large  or  carbon  spheres,  in  shifting,  close  in  around  that 
hydrogen  sphere  of  each  tetrahedral  group  the  centre  of  which  lies 
on  the  trigonal  axis;  the  position  of  the  tetrahedral  groups  under- 
goes slight  adjustment  during  the  process. 

A   projection  of   the  resulting   assemblage,  showing  .t/he  carbon 
spheres  alone,  is  given  in  Fig.  7 ;  the  centres  of  these  spheres  lie  in 
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four  different  planes  parallel  to  the  plane  of  projection,  and  are 
therefore  distinguished  by  circles  drawn  in  heavy  or  light,  con- 
tinuous or  broken  lines.  The  adjustment  of  the  positions  of  the 
tetrahedral  groups  which  accompanies  the  shifting  of  the  carbon 
spheres,  and  indeed  the  entire  process,  is  compatible  with  the 
maintenance  of  cubic  symmetry;  the  existence  of  the  coincidence 
movements  of  the  system  involves  that  all  the  cavities  for  the 
reception  of  the  tetrahedral  groups  remain  identical  with  one 
another. 

One  of  the  surest  indications  of  close-packing  is  obtained  when 
each  sphere  is  in  contact  with,  or  in  very  close  proximity  to,  such 
a  number  of  surrounding  spheres  as  approaches  the  maximum.  The 
number  of  contacts  and  near  proximities  in  the  assemblage  under 
consideration  is  as  follows:  for  each  of  the  carbon  spheres,  19, 
namely,  6  with  carbon  spheres  and  13  with  hydrogen  spheres.  For 
each  of  three-fourths  of  the  hydrogen  spheres,  8,  namely,  4  with 
carbon  spheres  and  4  with  hydrogen  spheres ;  for  each  of  one-fourth 
of  the  hydrogen  spheres,  7,  namely,  4  with  carbon  spheres  and  3 
with  hydrogen  spheres.  These  numbers  of  contacts  approach  the 
maxima,  taking  into  account  the  different  sizes  of  the  component 
spheres;  they  thus  afford  a  proof  that  the  marshalling  of  the 
assemblage  is  compatible  with  very  close-packing. 

In  connexion  with  the  partitioning  of  the  assemblage  into  identical 
molecular  units  of  the  composition  CH^,  it  should  be  noted  that 
four  of  the  thirteen  contacts  of  hydrogen  spheres  with  a  carbon 
sphere  are  nearly  symmetrically  distributed  over  the  surface  of  the 
latter;  the  four  hydrogen  spheres  concerned  are  thus  situated  at 
the  apices  of  an  approximately  regular  tetrahedron,  of  which  tho 
centre  is  the  centre  of  the  carbon  sphere.  The  four  hydrogen 
spheres  referred  to  may  be  identified  as  follows.  In  any  pseudo- 
cubic  group  of  eight  carbon  spheres  in  the  assemblage,  the  single 
trigonal  axis  intersects  two  of  the  eight ;  one  of  these  makes  contact 
with  a  single  hydrogen  sphere  of  the  enclosed  group  at  its  point  of 
intersection  with  the  trigonal  axis.  Regarding  this  carbon  sphere 
as  that  of  the  molecular  unit,  CH^,  to  be  picked  out,  it  is  to  be 
noted  that  the  three  contacts  with  it  of  hydrogen  spheres,  which, 
with  the  one  on  the  trigonal  axis,  make  up  the  four  referred  to,  are 
those  of  the  hydrogen  spheres  lying  in  three  of  the  outside  hollows 
of  those  faces  of  the  cubic  group  which  have  as  their  common 
angular  point  the  centre  of  tho  selected  carbon  sphere.  The  four 
contacts  of  tho  unit  molecular  group  CH4  thus  derived  do  not 
precisely  mark  the  angular  points  of  a  regular  tetrahedron,  but 
the  arrangement  of  the  four  hydrogen  spheres  about  tho  carbon 
sphere  approximates  so  closely  to  the  regular  tetrahedral  disposition 
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premised  by  the  theory  of  van't  HofF  and  Le  Bel  (Figs.  8  and  9)  that 
its  departure  from  the  latter  cannot  be  clearly  indicated  in  a 
diagram ;  the  assemblage  is  divisible  into  identical  units  of  the  form 
depicted.  The  result  of  the  close  approximation  to  regularity  of 
the  tetrahedra  marked  out  by  the  hydrogen  sphere  centres  thus 
selected  is  that  different  assemblages  produced  by  fitting  together 
the  molecular  units  in  different  orientations  will  be  so  nearly 
identical  that  the  equilibrium  arrangements  to  which  they  pass  will 
be  actually  identical.  In  this  connexion  it  is  instructive  to  observe 
that  the  tetrahedral  arrangement  is  indicated  in  another  manner; 
each  carbon  sphere,  before  the  adjustment,  is  similarly  related  to 
eight  cavities,  of  which  the  relative  positions  are  those  of  the  angular 
points  of  a  cube,  and  the  greatest  number  of  these  cavities  which 
can  participate  in  containing  the  hydrogen  spheres  attached  to  the 
carbon  sphere  is  four.     Consequently,  the  most  symmetrical  mode 


Fig.  8. 


Fig.  9. 


of  allotment  of  the  hydrogen  spheres  is  for  each  carbon  sphere  to 
attach  to  itself  four  hydrogen  spheres  contained  in  four  out  of 
the  eight  cavities  surrounding  it,  and  for  these  four  cavities  to  be 
selected  with  a  regular  tetrahedral  disposition.  Thus,  like  the 
hydrogen  atoms  in  the  usual  graphic  formula  of  methane,  the  four 
cavities  concerned  have  interchangeable  positions  with  respect  to 
the  carbon  sphere  to  which  they  relate. 

It  is  thus  to  be  finally  concluded  that  the  investigation  of  the 
close-packed  arrangement  of  the  methane  assemblage  indicates  that 
the  molecular  units  can  be  so  chosen  as  to  have  the  tetrahedral 
configuration  depicted  in  Figs.  8  and  9. 

The  relation  thus  established  between  the  theory  of  the  tetra- 
hedral arrangement  of  the  links  within  the  molecule,  based  on  the 
chemical  behaviour  of  methane  and  its  derivatives,  and  the  concrete 
geometrical  properties  of  the  corresponding  close-packed  arrange- 
ment of  the  spheres  of  influence  of  the  component  atoms  is  of  funda- 
mental importance.  It  is  worth  recapitulating  in  precise  language, 
because  it  will  subsequently  be  shown  that  a  relation  of  the  same 
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nature  obtains  for  the  carbon  compounds  generally ;  in  other  words, 
that  a  tetrahedral  arrangement  of  the  contacts  of  a  carbon  sphere  of 
influence  with  its  companion  spheres  persists  after  substitution  has 
taken  place.  The  relation  for  methane  may  be  thus  stated. 
Represent  the  carbon  and  hydrogen  atoms  of  a  methane  molecule  by 
spheres  of  the  valency  volumes  4  and  1  respectively,  and  form  the 
spheres  into  groups  of  five  according  to  the  van't  Hoff-Le  Bel  theory, 
each  sphere  of  volume  4  being  in  contact  with  four  spheres,  each 
of  volume  1,  placed  around  it  symmetrically,  so  that  their  centres 
mark  the  angular  points  of  a  regular  tetrahedron ;  it  is  then  found 
that,  while  preserving  the  marshalling  of  the  spheres  of  each 
individual  molecular  unit,  a  close-packed  assemblage  can  be  formed 
by  fitting  the  groups  together  symmetrically,  of  such  a  nature  that 
its  geometrical  properties  are  those  of  the  crystalline  tetrahalogen 
derivatives  of  methane. 

The  following  crystallographic  data  are  available  as  bearing  on 
the  symmetry  and  dimensions  of  the  methane  assemblage.  Carbon 
tetraiodide,  CI4,  is  cubic,  and  carbon  tetrabromide,  CBr^,  crys- 
tallises above  46'7°  in  the  cubic  system,  the  crystal  class  being 
known  in  neither  case.  Below  46'7°,  carbon  tetrabromide  crys- 
tallises in  the  monosymmetric  system,  but,  as  previously  pointed 
out  (Trans.,  1908,  93,  1530),  this  modification  is  referable  to 
the  pseudocubic  axial  system,  a:h:  c  =  l*0260:  1:  1,  a  =  90°16', 
)8  =  y  =  90°33';  the  monosymmetric  form  thus  scarcely  differs  in 
dimensions  from  the  truly  cubic  one,  and  both  indicate  the  cubic 
marshalling  of  the  assemblage.  On  replacing  each  hydrogen  sphere 
in  the  methane  assemblage  by  the  group  CH2Br,  in  accordance  with 
the  second  geometrical  property  of  close-packed  assemblages  (Trans., 
1907,  91,  1204),  tetrabromo-j8)3-dimethylpropane,  C(CH2Br)4,  is 
obtained;  as  Jaeger  has  found  (Trans.,  1908,  93,  520),  this  sub- 
stance may  he  regarded  as  pseudocubic,  with  the  axial  ratios 
a:  6  :  c  =  10484:  1:  09472,  /8  =  90°45'.  The  cubic  marshalling 
of  the  methane  or  carbon  tetrabromide  assemblage  thus  survives 
the  symmetrical  introduction  of  four  methylene  groups,  CHo,  into 
each  molecular  unit,  CBr^,  in  accordance  with  the  second  geometrical 
property. 

In  connexion  with  the  assemblage  attributed  above  to  methane 
and  to  its  fully  substituted  halogen  derivatives,  it  may  be  noted  that 
iodoform,  CHI3,  is  described  as  hexagonal  with  a:  c  =  l:  1*1084 
(Pope,  Trans.,  1899,  75,  46).  It  is  evident  that  the  symmetry  of 
the  space  arrangement  of  the  methane  assemblage  may  be  lowered 
without  any  appreciable  alteration  of  the  relative  situations  of  the 
spheres  by  a  partial  substitution  of  the  spheres  representing 
hydrogen  atoms  which  leads  to  the  production  of  an  arrangement 
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appropriate  for  iodoform.  In  order  to  trace  the  probable  effect  of 
such  a  substitution,  it  is  convenient  to  work  with  an  ideal  less  closely- 
packed  assemblage  of  higher  symmetry,  from  which  the  methane 
assemblage  may  be  regarded  as  derived.  Let  the  centres  of  the 
carbon  spheres  occupy  precisely  the  points  of  a  cubic  space-lattice 
(Fig.  3),  and  let  each  of  the  tetrahedral  groups,  CH4,  which  are 
now  to  be  of  completely  regular  configuration,  be  rotated  from 
the  orientations  which  they  present  in  the  closest^packed  assemblage, 
so  that  the  centres  of  the  small  spheres  all  lie  on  trigonal  axes; 
the  system  thus  consists  of  units  of  the  composition  CH4,  less  closely 
packed,  but  all  similarly  orientated.  Next  substitute  iodine  spheres 
for  three  of  the  four  hydrogen  spheres  of  each  unit,  without  altering 
the  positions  of  the  centres,  in  such  a  way  that  the  new  units,  CHI3, 
are  all  similarly  orientated ;  the  result  is  to  destroy  three-fourth  of 
the  trigonal  axes,  and  to  leave  only  those  which  contain  the  centres 
of  the  unsubstituted  hydrogen  spheres.  On  performing  finally  the 
rotations  and  adjustments  requisite  to  restore  the  closest-packed 
condition  prevailing  in  the  methane  assemblage,  three-fourths  of  the 
surviving  trigonal  axes  are  destroyed.  The  closest-packed  assem- 
blage thus  arrived  at  has  rhombohedral  symmetry  and  is  pseudo- 
cubic. 

In  the  assemblage  just  derived  let  the  dimension  c  be  three  times 
the  distance  between  the  centres  of  carbon  spheres  lying  on  the  same 
trigonal  axis;  the  distance  separating  these  centres  along  directions 
perpendicular  both  to  this  axis  and  to  a  face  diagonal  of  a  cube  of 
the  pseudocubic  partitioning  will  be  approximately  \/2.c/3.  If  the 
latter  distance  is  taken  as  a/ 2,  the  axial  ratio  is  obtained  as: 

a  :  c  =  2  72  :  3  =  1  :  3/2  72  =  1 : 1  0606. 
This  ratio  is  not  far  removed  from  that  of  iodoform,  and  it  is 
therefore  established  that  the  rhombohedral  form  displayed  by  the 
crystalline  substance  may,  like  the  rhombohedral  assemblage  sug- 
gested, be  pseudocubic. 

The  Normal  Homologues  of  Methane. 

The  most  obvious  method  of  constructing  assemblages  representing 
hydrocarbons  homologous  with  methane  consists  in  symmetrically 
removing  one  or  more  hydrogen  spheres  from  the  groups  of  four 
contained  in  the  assemblage  of  tlie  parent  hydrocarbon,  and  then, 
by  appropriate  adjustment  of  the  spheres  remaining,  to  close  up 
the  gaps  which  have  been  produced. 

Thus,  an  assemblage  of  the  empirical  composition  CH3  may  be 
derived  by  symmetrically  removing  a  hydrogen  sphere  from  each 
group  of  four  in  the  methane  assemblage,  and  then  adjusting  so 
that  with  the  same  number  of  cavities  each  cavity  among  the  carbon 
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spheres  shall  be  as  closely  packed  as  possible,  although  now 
containing  but  three  hydrogen  spheres  instead  of  four.  Such 
an  operation  corresponds  with  the  removal  of  the  iodine  atom 
from  methyl  iodide;  the  observed  fact  that  in  this  reaction,  as 
in  all  similar  ones,  the  condensation  of  two  hydrocarbon  radicles 
yields  one  molecule,  finds  expression  in  the  way  in  which  the 
assemblage  undergoes  contraction  during  the  adjustment  necessary 
for  closing  up  the  produced  gaps.  The  fact  that  the  methyl  iodide 
assemblage,  which  has  the  same  marshalling  as  that  of  methane, 
yields  ethane  on  treatment  with  sodium,  can  be  represented  as 
follows."  In  the  methane  assemblage,  the  carbon  spheres  are  pre- 
vented from  making  intimate  contact  with  one  another  by  the 
presence  of  hydrogen  spheres  packed  around  them,  but  when  the 
number  of  the  latter  is  reduced  by  each  group  of  four  becoming  a 
group  of  three,  the  carbon  spheres  necessarily  draw  nearer  together ; 
it  is  conceivable  that  equilibrium,  represented  by  close-packing, 
requires  them  to  come  into  closer  contact,  and  to  press  on  each 
other  two  by  two,  and  that  the  intimate  relationship  thus  established 
between  the  individuals  of  a  pair  corresponds  with  the  linking 
between  the  two  methyl  carbon  atbms  in  the  ethane  molecule.  It 
will  be  shown  in  connexion  with  the  assemblage  described  below 
that  the  condensation  of  the  assemblage  following  elimination  of 
hydrogen  spheres  and  the  adjustment  which  restores  close-packing, 
lead  to  close  contact  of  the  kind  referred  to  between  carbon  spheres ; 
such  contact  is  thus  representative  of  the  formation  of  a  link 
between  carbon  atoms  such  as  that  present  in  the  ethane  molecule. 

The  production  of  the  ethane  assemblage  from  that  of  methane 
may  also  be  regarded  as  resulting  from  the  replacement  of  one- 
fourth  of  the  hydrogen  spheres,  each  by  one  carbon  sphere,  when, 
in  accordance  with  the  second  geometrical  property  of  close-packed 
assemblages,  the  introduction  of  three  hydrogen  spheres  with  each 
new  carbon  sphere  suffices  for  the  preservation  of  close-packing. 
The  alternative  ways  in  which  the  paraffins  may  be  regarded,  such, 
for  instance,  as  the  possibility  of  considering  propane  as  dimethyl- 
methane  and  as  ethylmethane,  also  find  expression  in  the  geometrical 
mode  of  regarding  these  substances  now  advanced.  The  most 
general  method  of  formulating  the  normal  paraffins  consists  in 
assigning  to  them  the  constitution  H*[CH2]n*H,  in  which  an  open 
chain  of  7i-carbon  atoms  forms  the  backbone  of  the  molecule,  and 
is  isolated  from  other  similar  chains  in  front  and  rear  by  the 
addition  of  a  hydrogen  atom  to  each  of  the  end  methylene  groups. 
For  the  present  purpose  it  will  therefore  be  convenient  to  derive 
first  an  assemblage  of  the  empirical  composition  CHg,  corresponding 
with  the  radicle  methylene;  it  will  then  be  shown  how  this  assem- 
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blage,  composed  of  strings  of  methylene  groups  the  carbon  spheres 
of  which  are  in  close  contact  throughout  the  length  of  the  string, 
is  related  to  that  of  methane,  and  in  what  manner  hydrogen  spheres 

Fig.  10. 


can  be  homogeneously  intercalated  so  as  to  divide  the  methylene 
strings  of  indefinite  length  into  definite  molecular  groups  to 
represent  any  individual  normal  parafl&n. 
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The  general  methylene  assemblage  may  be  constructed  in  the 
following  manner.  Space  is  divided  into  endless  hexagonal  prisms, 
each  of  which  is  divided  into  identical  hexagonal  cells  by  describing 
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Fic.  12. 


a  series  of  parallel  planes  perpendicular  to  the  prism  axes  at  a 
distance  apart  equal  to  the  smaller  diameter  of  the  prisms.  In 
each  prismatic  cell  thus  obtained  is  inscribed  a  sphere ;  the  diameter 
of  the  latter  will  be  the  smaller  diameter,  and  also  the  height,  of 
the  hexagonal  cell.  In  the  system  produced,  each  cell  corner  marks 
the  centre  of  a  cavity  between  adjoining  spheres,  and  about  each 
meeting  point  of  cell  comers  a  small  sphere 
is  now  described  of  such  diameter  as  just 
to  touch  the  six  surrounding  large  spheres. 
The  resulting  system  is  shown  in  plan  in 
Fig.  10,  and  in  elevation  in  Fig.  11, 
and  possesses  a  general  arrangement 
which  may  be  visualised  by  the  perspec- 
tive view  of  a  fragment  shown  in  Fig.  12. 
Each  small  sphere  of  the  assemblage,  in 
addition     to    making    contact    with    six 

large  spheres,  is  nearly  in  contact  with  three  other  small  spheres, 
and  each  large  sphere  is  in  contact  with  twelve  small  spheres  and 
eight  large  ones.  If  the  large  spheres  represent  carbon,  and  the 
smaller  ones  hydrogen  atoms,  the  assemblage  has  the  empirical 
composition  CHg ;  since,  however,  the  volume  of  the  smaller  spheres 
is  appreciably  less  than  one-fourth  that  of  the  larger,  the  valency 
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relation  of  the  volumes  requires  the  smaller  to  increase  until  the 
volumes  of  small  and  large  spheres,  with  the  addition  of  the 
appropriate  proportions  of  interstitial  space,  are  in  the  ratio  of  1 :  4. 
This  expansion  of  the  small  spheres  necessarily  forces  the  larger 
spheres  apart,  and  for  this  to  occur  in  such  a  manner  that  the 
modified  system  possesses  maximum  closeness  of  packing,  it  must 
take  place  so  as  to  break  as  few  of  the  contacts  as  poesible  in  a 
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symmetrical  manner.  The  most  symmetrical  expansion  of  the 
kind  which  can  occur  is  one  which  breaks  all  the  contacts  between 
large  spheres  and  converts  the  assemblage  of  Figs.  10  and  11  into 
that  represented  in  Figs.  13  and  14;  the  smaller  number  of  contacts 
in  the  modified  system  is  indicative  of  looseness  of  packing,  and 
in  order  to  reproduce  close-packing  as  many  of  the  original  contacts 
as  possible  must  be  re-established  in  a  symmetrical  manner. 

A  consideration  of  the  assemblage  of  Figs.  13  and  14  in  con- 
nexion with  the  cubic  disposition  of  large  spheres  shown  in  Fig.  4, 
from  which  the  methane  assemblage  was  derived,  shows  that  the 
plane  arrangement  of  the  large  spheres  in  their  layers,  shown  by 
the  continuous  line  circles  of  Fig.  14,  is  approximately  that  obtain- 
ing in  the  layers  of  the  assemblage  of  Fig.  4,  which  are  parallel  to 

Fig.   14. 


the  plane  the  trace  of  which  is  the  diagonal  line  C  in  Fig.  15,  as 
shown  by  the  continuous  line  circles  of  Fig.  16.  Whilst,  however, 
in  Figs.  15  and  16  each  cavity  between  the  large  spheres  is  destined 
and  is  sufficient  for  the  accommodation  of  a  tetrahedral  group  of 
four  small  spheres,  the  corresponding  space  in  Figs.  13  and  14  has 
been  reduced  so  that  it  can  accommodate  but  two  small  spheres; 
this  has  been  effected  by  somewhat  increasing  the  distance  between 
the  large  sphere  centres  in  the  direction  of  the  diagonal  C  in 
Fig.  15,  and  considerably  diminishing  the  distance  between  the 
layers  of  sphere  centres  in  the  direction  perpendicular  thereto. 
Each  cavity  which  suffices  to  contain  four  small  spheres,  such  as  is 
enclosed  by  the  eight  spheres,  four,  p,  q,  r,  and  s,  of  one  plane  of 
Fig.  15,  and  four,  t,  u,  v,  and  w,  of  the  plane  immediately  below,  as 
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shown  in  Figs.  15  and  16,  has  by  the  process  just  described  been 
converted  into  two  cavities,  namely,  one  enclosed  by  the  correspond- 

Fio.  15. 


ing  spheres,  p,  r,  s,  t,  v,  and  w,  of  Figs.  13  and  14,  the  other  by  the 
spheres,  q,  r,  s,  u,  v,  and  w.     The  two  small  cavities  thus  derived 


Fig.  16. 


from  the  original  large  one  each  suffices  for  the  accommodation  of 
one  small  sphere;  these  are  marked  a  and  b  in  Figs.   13  and  14. 
VOL.  xcvii.  7   N 
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The  process  by  which  the  present  assemblage  can  be  derived  from 
that  of  methane,  and  also  the  converse,  by  which  the  former  can 
be  converted  into  the  latter,  are  applications  of  the  second 
geometrical  property  of  close-packed  homogeneous  assemblages. 

It  remains  to  indicate  the  manner  in  which  close-packing  can  be 
established  in  the  assemblage  of  Figs.  13  and  14,  that  is  to  say,  the 
way  in  which  the  assemblage  can  be  caused  to  occupy  the  minimum 
space  as  the  result  of  an  adjustment  which  does  not  involve  re- 
marshalling.  The  requisite  deformation  will  be  understood  by  con- 
sidering its  effects  on  the  system;  these  are  indicated  in  Fig.  17, 
which  represents  one  double  layer  of  the  two  kinds  of  spheres,  and 
in  Figs.  18  and  19,  which  are  projections  of  the  altered  assemblage 
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on   two  planes  at  right  angles   to  one  another.     For  the  sake  of 
clearness,  the  hydrogen  spheres  are  omitted  from  Fig.  18. 

The  symmetrical  adjustment  which  increases  the  closeness  of  the 
packing  brings  the  members  of  the  rows  of  carbon  spheres  shown 
in  Fig.  13  alternately  into  contact  and  further  apart,  as  indicated 
in  Figs.  17  and  18;  thus  a  carbon  sphere,  such  as  p,  makes  contact 
only  with  m  and  n,  and  draws  away  from  r  and  s.  The  sequence 
of  making  contact  and  moving  further  apart  alternates  in  con- 
secutive layers  of  the  form  shown  in  Fig.  17,  so  that  these  layers 
now  have  two  distinct  projections  on  the  same  area  of  Fig.  18; 
the  latter  diagram  thus  shows  two  alternating  sets  of  carbon  spheres, 
those  indicated  in  continuous  lines,  and  those  in  dotted  circles,  in 
place  of  the  one  set  shown  in  Fig.  13.  This  alternation  results  in 
the  formation,  in  each  of  the  planes  projected  on  Fig.  18,  of  zigzag 
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strings  of  carbon  spheres  in  contact  and  of  indefinite  length,  the 
zigzag  strings  in  one  plane  of  the  assemblage  being  located  from 
the  positions  of  others  in  the  same  plane  or  of  those  in  the  next 
neighbouring  planes  by  some  simple  symmetrical  operation  such  as 
that  about  a  centre  of  symmetry;  the  zigzag  strings  in  one  plane 
do  not  lie  immediately  beneath  or  above  those  in  the  next  plane. 

The  assemblage  of  Figs.  17,  18,  and  19  represents  the  general 
methylene  assemblage,  and  is  to  be  regarded  as  an  arrangement 
having  the  empirical  composition  CHg,  which  constitutes  the  open- 
chain  portion  of  a  normal  paraffin.  By  dividing  the  zigzag  strings 
into  fragments  of  suitable  length  by  the  introduction  of  pairs  of 
hydrogen  spheres  at  appropriate  intervals,  it  may  be  converted,  as 
is  shown  below,  into  an  assemblage  of  molecular  aggregates  repre- 

FiG.  18. 


sentative  of  any  particular  normal  paraffin.  The  existence  of  this 
correspondence  between  the  feature  of  close-packed  assemblages  just 
described  and  the  observed  fact  that,  in  the  normal  paraffins,  the 
chains  of  methylene  radicles  connecting  the  terminal  methyl  groups 
exhibit  behaviour  which  warrants  the  representation  of  the  normal 
paraffins  by  the  general  formula  CHj'[CH2j„*CH3,  is  worthy  of  note. 
It  has  been  shown  in  previous  papers  that  the  configurations 
assignable,  in  accordance  with  the  crystallographic  evidence  and 
with  the  theory  of  homogeneous  close-packing,  to  numerous  organic 
substances  is  in  entire  accord  with  some  features  of  the  chemical 
behaviour  of  such  compounds.  Before  proceeding  to  employ  the 
configuration  arrived  at  for  the  general  .methylene  chain,  •[CH,]n' 
in  the  production  of  assemblages  representing  the  normal  paraffins 

7x2 
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for  comparison  with  the  chemical  facts  and  crystallographic  evidence, 
it  is  therefore  desirable  to  consider  stereochemical  features  of  the 
chain,  •[CHg]^',  as  now  presented.  Any  such  continuous  chain 
separated  from  the  whole  assemblage  presents  the  plan  and  elevation 

Fig.  19. 


shown  in  Figs.  20  and  21  ;  a  rough  perspective  view  of  a  fragment 
of  the  indefinitely  prolonged  chain  is  given  in  Fig.  22.  *It  will  be 
seen  that  each  carbon  sphere  is  directly  attached  to  two  other  carbon 


Fig.  20. 


spheres  and  to  two  hydrogen  spheres,  and  that  the  plane  containing 
the  centres  of  the  three  carbon  spheres  is  perpendicular  to  the 
plane  drawn  through  the  centres  of  the  two  hydrogen  spheres  and 
that  of  the  carbon  sphere  which  they  touch.     Further,  it  will  be 
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seen  that  by  joining  the  four  points  of  contact  made  on  each  carbon 
sphere,  two  by  hydrogen  and  two  by  carbon  spheres,  a  tetrahedron 
results.  Since  these  are  the  essential  features  of  the  environment 
of  any  carbon  atom  of  the  chain  in  a  normal  paraffin,  as  summarised 
by  the  theory  of  van't  Hoff  and  Le  Bel,  it  follows  that  the  con- 

Fm;.  21. 


figuration  for  the  chain  deduced  above  is  in  accordance  with  the 
chemical  facts.  In  this  connexion,  it  is  interesting  to  recall  the 
interpretation  usually  put  on  the  important  fact  of  the  persistence 
of  the  tetrahedral  arrangement  of  links  from  term  to  term  of  the 
series  of  assemblages  representing  the  normal  paraffins.     Adopting 

Fl<:.  22. 


the  method  employed  by  van't  Hoff  and  Le  Bel,  the  configuration  of 
a  string  of  methylene  complexes  which  forms  the  backbone  of  a 
normal  paraffin  molecule  is  derived  by  first  substituting  carbon 
atoms  for  two  of  the  tetrahedrally  disposed  hydrogen  atoms  of  a 
methane  molecule,  preserving  the  tetrahedral  disposition  of  the 
links,  and  then  attaching  two  hydrogen  atoms  to  each  added  carbon 
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atom  in  such  a  way  that  the  two  outer  methylene  complexes  thus 
formed  are  identical  with  the  central  one  and  identically  related  to 
it,  while  having  the  opposite  orientation.  The  central  portion, 
•CHo'CHo'CHo",  of  the  propane  molecule  is  thus  ai'rived  at. 
Arrangements  proper  for  the  representation  of  succeeding  terms 
of  the  homologous  series  of  paraffins  are  derived  by  repetitions  of  the 
same  process. 

The  form  of  a  group  of  methylene  complexes  reached  in  this  way 
is  quite  definite  and  is  that  shown  in  Fig.  22;  as  the  preceding 
argument  has  established,  a  number  of  the  groups  representing  the 
same  term  of  the  series  can  be  packed  closely  together  so  that  the 
passage  to  closest-packed  equilibrium  involves  but  a  quite  trivial 
adjustment.  When  additional  hydrogen  spheres  are  inserted  appro- 
priately to  complete  the  representation  of  a  given  paraffin,  an 
assemblage  results,  as  will  be  shown  immediately,  which  displays 
the  geometrical  and  dimensional  properties  appropriate  to  the  crystal 
of  the  substance  concerned. 

It  is  easy  to  demonstrate  that  the  persistence  of  the  tetrahedral 
type  of  arrangement  is  a  geometrical  consequence  of  substitution 
effected  in  accordance  with  the  second  geometrical  property.  For 
in  carrying  out  such  a  substitution  in  a  methane  assemblage,  the 
added  carbon  spheres  are  deposited  in  the  hollows  on  the  faces  of 
the  layers  of  the  assemblage  left  vacant  by  the  removal  of  hydrogen 
spheres,  and  consequently  the  incoming  large  spheres  occupy  prac- 
tically the  same  situations  with  respect  to  the  unsubstituted  portions 
of  the  assemblage  as  were  previously  occupied  by  outgoing  small 
spheres.  Consequently,  since  the  situations  of  the  paraffin  spheres 
give  a  tetrahedral  arrangement  of  the  contacts  within  a  molecular 
group,  this  tetrahedral  disposition  of  the  contacts  still  obtains  after 
the  substitution.  It  is  not  suggested  that  the  tetrahedral  arrange- 
ment of  the  contacts  will  remain  precisely  regular. 

The  Ethane  Assemblage. 

The  unit,  shown  in  Fig.  22,  of  the  general  methylene  assemblage 
of  Figs.  17,  18,  and  19  possesses  the  constitution  of  an  indefinitely 
long  string  of  attached  methylene  groups, 

~  ~  "CHg'CHg'CHg'CHj"  ~  ~, 
and  is  represented  by  the  graphic  formula : 
II  H  H  H  H  H  H  H 

-  -c-c-c-c-c-c-c-c-  - 

H  H  H  H  H  H  H  H 

The  comparison  which  has  been  made  between  the  general 
methylene  assemblage  and  the  methane  assemblage  shows  that  if 
extrft  pairs  of  hydrogen  spheres  are  introduced  between  succeeding 
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carbon  spheres,  the  resulting  assemblage  assumes  the  composition 
and  constitution  of  methane,  thus : 

H        H         H         H         H         H 
HCH  HCH  HCH  HCH  HCH  HCH. 

il         H        H         H         H         H 

If,  however,  such  pairs  of  hydrogen  spheres  are  intercalated,  not 
everywhere  between  succeeding  carbon  spheres,  but  intermittently 
at  points  homogeneously  selected,  the  resulting  assemblage  should 
represent  a  normal  paraffin  homologous  with  methane.  On  intro- 
ducing pairs  of  hydrogen  spheres  symmetrically  at  half  the  points 
indicated,  the  assemblage  representing  ethane  should  be  produced, 
thus: 

HH         HH        HH        HH         HH 

HC-CH  HC-CH  HC-CH  HC-CH  HC-CH. 

HH         HH         HH        HH         HH 

It  is  desirable  to  confirm  this  deduction  by  an  examination  of  the 
ethane  assemblage,  thus  derived,  in  the  light  of  the  principal 
crystallographic  evidence  available;  this  is  found  in  the  data 
obtained  by  Gossner  for  the  hexahalogen  derivatives  of  ethane  and 
for  pentabromoethane  (Trans.,  1906,  89,  1682).  In  the  tabulated 
data  for  these  substances  it  is  convenient  to  double  the  ratio  of 
cjh,  and  to  state  the  equivalence  parameters  and  axial  ratios  as  in 
the  appended  table;  the  valency  volume,  IP' =  14,  is  regarded  as 
the  molecular  space  unit,  so  that  the  linear  unit  employed  for  the 
equivalence  parameters  is  the  edge  of  a  cube  of  unit  valency  volume. 
The  closeness  of  the  packing  of  the  spheres  is  taken  to  be  the  same 
as  that  of  the  closest-packed  assemblage  of  equal  spheres : 


CCVCClj 0-5677 

CBrjCl-CCl,    0-5612 

CBiClj-CBrCl,    0-5646 

CBvCBr,    0-5639 

CHBro'CBr,  0-5650 


0-6320 
0-6342 
0-6384 
0  6284 
0-6236 


3. 

90° 


9ri9' 


X. 

1-9255 
1-9086 
1-9120 
1  -9205 
1-9282 


y 

3-3917 
3  4009 
3-3867 
3-4058 
3  4126 


Meaa  for  first  four  substauces 


1-9166  :  3-3963  :  2-1494 


z. 

1435 
1520 
1620 
1403 
1281 


In  calculating  the  mean  equivalence  parameters,  the  four  ortho- 
rhombic  substances  only  have  been  considered,  the  monosymmetric 
pentabromoethane  being  excluded  from  the  calculation. 

It  has  now  to  be  considered  how  the  general  methylene  assemblage 
of  Figs.  17,  18,  and  19  can  be  converted  into  a  close-packed  assem- 
blage of  the  dimensions  represented  by  the  above  mean  equivalence 
parameters,  x.  y.  3  =  1-917:  3-396:  2149,  by  the  intercalation  of 
pairs  of  hydrogen  spheres  in  the  manner  already  indicated.  The 
diameter  of  a  univalent  sphere  is  obtained  in  terms  of  the  linear 
unit  from  the  consideration  that  it  is  the  face-diagonal  of  the  cube 
outlined  by  joining  the  obtuse  solid  angles  of  the  unit  dodecahedron 
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of  a  closest-packed  assemblage  of  these  spheres  (Trans.,  1907,  91, 
1181).  Thus,  if  a  be  the  diameter  in  question,  a\  tjl  is  the  edge  of 
the  cube  inscribed  in  the  unit  dodecahedron;  the  content  of  this 
cube  is  a^l2s/2,  and  that  of  the  dodecahedron  is  equal  to  a^j  \/2, 
which  is  taken  as  unity.  Consequently,  a  =  2^  =1*1225,  and  since 
the  volume  of  a  quadrivalent  sphere  is  four  times  that  of  a  univalent 
one,  the  diameter  of  the  former  is  2S  x  2*  =  2^  =  1  -7818. 

The  sphere  projections  in  the  general  methylene  assemblage  of 
Figs,  17,  18,  and  19  are  drawn  to  the  scale  thus  indicated,  and  the 
dimensions  indicated  in  these  figures  are,  two  of  them,  the  values, 
a;  =  l"917  and  y  =  3'396,  of  the  mean  equivalence  parameters  in  the 
table  last  given.  On  introducing  between  each  pair  of  layers  of 
the  general  methylene  assemblage  extra  hydrogen  spheres  equal  in 
number  to  the  carbon  spheres  already  present,  the  preservation  of 
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close-packing  demands  that  the  one  pair  shall  shift  upon  the  next 
pair,  so  that  the  projection  of  the  two  pairs  now  consists  of  four 
superposed  sections,  as  depicted  in  Figs.  23,  a  and  h. 

In  these  diagrams,  which,  taken  together,  give  a  projection  of  the 
ethane  assemblage,  some  of  the  intercalated  hydrogen  spheres  are 
marked  a;  the  dimensions,  .T  =  r917  and  y  =  3"396,  are  shown  in  the 
jjlane  of  the  section.  The  packing  is  about  as  close  as  in  the  methane 
assemblage  described  above,  and  since  the  closeness  of  the  packing 
is  thus  adhered  to  and  the  composition  is  that  corresponding  with 
ethane,  the  translation  perpendicular  to  the  plane  of  the  section 
will  necessarily  have  the  corresponding  value  of  z  =  2'149.  Since 
the  valency  volume  of  the  molecular  unit  is  14,  and  that  of  the 
terminal  hydrogen  spheres  is  2,  the  dimension  z  of  the  methylene 
assemblage,  as  shown  in  Figs.  17  M,nd  18,  is  six-sevenths  of  the  z  value 
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just  stated,  and  therefore  equals  1-842 ;  this  is  the  value  of  z  used  in 
these  diagrams.  It  is  concluded  from  the  above  that  the  assemblage 
depicted  in  Fig.  23  is  related  to  the  general  methylene  assemblage 
in  the  appropriate  manner,  and  has  the  dimensions  indicated  for 
ethane  by  the  crystallographic  data;  the  crystalline  symmetry  of 
the  assemblage,  when  all  the  smaller  spheres  are  identical  in  kind, 
is  the  orthorhombic  symmetry  exhibited  by  the  hexa-halogen 
derivatives  of  ethane  named  in  the  table.  It  is,  however,  obvious 
that  differences  in  kind  occurring  among  the  smaller  spheres  might 
have  the  effect  of  reducing  the  symmetry  of  the  assemblage  in  the 
manner  indicated  by  the  existence  of  the  monosymmetric  penta- 
bromoethane. 

Lehmann  has  shown  {Molekular-Physik.,  1888,  1,  178)  that  hexa- 

FiG.  23J. 


chloroethane,  CoClg,  crystallises  in  an  anorthic  and  a  cubic  form 
as  well  as  in  the  orthorhombic  form  dealt  with  above ;  no  measure- 
ments are  available  for  the  former  modification,  but  it  is  instructive 
to  deduce  the  assemblage  representing  the  cubic  form  of  the  sub- 
stance. In  view  of  the  close  relationship  which  must  exist  between 
the  orthorhombic  and  the  cubic  modifications  of  hexachloroethane, 
it  is  convenient  to  derive  the  assemblage  for  the  latter  from  that 
of  the  former.  The  orthorhombic  assemblage  may,  for  purely 
crystallographic  purposes  only,  be  regarded  as  built  up  from  a 
unit  of  the  form  shown  in  Fig.  24,  a,  h,  c,  and  d,  and  consisting  of 
two  carbon  spheres  in  contact  having  a  circlet  of  six  chlorine  spheres 
placed  round  the  neck  produced  between  the  two  large  spheres; 
the  volumes  of  the  two  kinds  of  spheres,  namely,  4  :  1,  are  such 
that  when  all  the  six  small  spheres  touch  the  two  larger  ones,  they 
very  approximately  form  a   continuous   ring   of   small   spheres   in 
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contact  as  shown  in  the  diagrams.     A  geometrical  unit  of  this  kind 
is  marked  ABcdefgh  in  Fig.  23a,  and  presents  in  that  diagram  the 


Fig.  24. 


aspect  depicted  in  Figs.  25  a  and  6 ;  it  can  be  used  in  the  manner 
described  below  for  the  construction  of  the  assemblage  representing 
the  cubic  modification  of  hexachloroethane. 


Fio.  25. 


The  geometrical  units  referred  to  and  figured  occupy  the  valency 
volume,  W  =  1^,  and  can  be  fitted  together  in  cubic  symmetry  so 


i 
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that  their  centre  points  lie  at  the  centres  of  the  cube  cells  of  a 
cubic  partitioning  of  space  provided  that  the  cube  cells  have  the 
volume  14;  the  length  of  the  cell  edge  should  therefore  be  ^v^l4, 
the  scale  previously  used  being  adopted.  The  units  are  fitted  into 
a  system  of  non-intersecting  trigonal  axes  of  the  kind  already 
described  (p.  2317),  and  in  the  following  manner.  In  one  cube 
cell  the  trigonal  axis  of  which  has  the  direction  indicated  by  a 
(Fig.  5),  place  a  geometrical  unit  group  so  that  its  centre  is  at  the 
centre  of  the  cube  cell,  and  so  that  the  centres  of  its  two  large 
spheres  lie  on  the  single  trigonal  axis  of  the  cell;  whatever  the 
position  of  the  small  spheres,  it  is  evident  that  their  centres  lie  on 
a  circle  the  centre  of  which  is  the  point  of  contact  of  the  two  large 
spheres,  and  the  plane  of  which  is  perpendicular  to  the  trigonal 
axis  of  the  unit.  This  circle  is  projected  on  one  of  the  three  face 
directions  of  the  cube  cells  as  an  ellipse,  as  indicated  in  Fig.  256. 
Geometrical  units  are  now  fitted  in  similar  manner  into  the  other 
cube  cells  of  the  system,  due  regard  being  paid  to  the  preservation 
of  the  respective  trigonal  axes,  a,  h,  c,  and  d,  of  the  different  cells 
of  the  partitioning. 

A  single  layer  of  the  resulting  system  of  cells  with  their  contents 
is  depicted  in  Fig.  26  as  a  projection  on  a  cube  plane;  the  projections 
of  the  trigonal  axes  are  shown  as  continuous  straight  lines,  and 
are  lettered  a,  b,  c,  and  d,  in  accordance  with  the  convention 
previously  adopted  (Trans.,  1907,  91,  1183).  Digonal  axes  of 
rotation  pass  through  the  assemblage  perpendicular  to  the  plane  of 
projection  at  the  points  S,  T,  U,  and  V. 

The  precise  position  of  the  small  spheres  in  the  assemblage  is 
deduced  by  reference  to  the  digonal  axes  of  symmetry.  Thus  the 
geometrical  unit  is  so  placed  in  the  cube  cell  of  the  partitioning 
that  the  distance  of  the  centre  of  one  of  its  small  spheres  from  a 
digonal  axis  is  equal  to  the  radius  of  the  small  sphere;  this 
condition  is  practically  fulfilled  if  the  position  of  the  circlet  of 
small  spheres  is  such  that  the  centre  of  one  of  them  lies  at  the 
highest  point  of  the  circular  locus,  the  projection  of  this  centre 
therefore  falling  at  one  extremity  of  the  minor  axis  of  the  ellipse 
in  which  the  circular  locus  is  projected  on  the  plane  of  a  cube  face. 
When  one  geometrical  unit  has  been  placed  in  position  in  the 
manner  indicated,  others  can  be  similarly  located  with  their  centres 
at  the  remaining  cell  centres  by  carrying  out  the  coincidence 
movements  and  operations  with  respect  to  the  axes  of  the  first 
selected  cell.  The  type  of  symmetry  is  that  numbered  2a,  in 
Barlow's  list  (Zeitsch.  Kryst.  Min.,  1894,  23,  44). 

It  is  evident  from  Fig.  26  that  the  spheres  of  the  single  layer 
of  complexes  fit  closely  together  in  the  marshalling  indicated,  and, 
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as  the  assemblage  can  be  regarded  as  made  up  of  such  layers  parallel 
to  either  of  the  three  directions  of  the  cube  faces,  it  follows  that 
the  geon'etrical  units  employed  can  be  fitted  together  in  space  in 
the  manner  indicated,  and  that  the  packing  is  very  close. 

The  geometrical  unit  which  has  been  used  in  building  up  the 
orthorhombic  and  the  cubic  crystalline  assemblage  of  hexachloro- 
ethane  is,  as  before  mentioned,   merely    used    for    constructional 

Fig.  26. 


purposes,  and  is  not  to  be  regarded  as  possessing  the  configuration 
of  the  chemical  unit  or  molecule.  The  possession  of  a  larger  mass 
of  crystallographic  data  than  is  at  present  available  should  enable 
the  configuration  of  the  chemical  molecule  to  be  determined  by  a 
process  of  elimination.  The  various  polymorphous  forms  of  the 
different  halogen  derivatives  of  ethane  must  all  consist  of  packed 
arrangements  of  units  having  the  configuration  of  the  ethane 
molecule;   further,  the  latter  must  be  derivable  from  the  general 
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iriethylene  assemblage  by  the  symmetrical  intercalation  of  spheres 
of  unit  valency  volume  in  this  assemblage,  as  already  described. 
These  conditions  are  fulfilled,  not  only  by  the  geometrical  unit  used 
above,  but  also  by  groups  of  the  composition  CgClg  possessing  a 
configuration  such  that  the  eight  component  spheres  are  centred 
at  the  apices  of  two  tetrahedra  so  placed  that  an  apex  of  the  one 
is  directed  towards  an  apex  of  the  other.  The  two  kinds  of  unit 
of  the  structure  thus  distinguished  possess  the  configuration  of  the 
ethane  molecule  as  it  has  been  deduced  from  the  principles  laid 
down  by  van't  Hoff  and  Le  Bel;  rough  perspective  views  of  the 
chemical  unit  or  molecule  thus  derived  are  given  in  Figs.  27  a  and  h. 

Fig.  27. 


It  will  be  seen  that  the  one  may  be  derived  from  the  other  by 
rotating  one-half  of  the  unit  through  180°  with  respect  to  the 
other  half.  The  fact  that  these  two  configurations  of  unit,  closely 
related  by  the  mode  in  which  one  is  convertible  into  the  other,  can 
be  traced  in  the  assemblage  as  depicted  in  Fig.  26,  is  of  interest  in 
connexion  with  van't  Hoff 's  doctrine  of  the  free  rotation  of  a  .-singly 
l)0und  carbon  atom. 


An  Alternative  General  Methylene  Assemblage. 

A  simple  method  has  been  given  above  (p.  2333)  for  deriving 
an  assemblage  which  can  be  geometrically  partitioned  into  endless 
strings  of  the  general  form  n(CH2),  and  it  has  been  shown  how 
the  assemblages  representative  of  the  normal  paraflUns  can  be  derived 
from  this  general  methylene  assemblage  by  the  intercalation  of 
hydrogen  spheres.  Examination  shows,  however,  that  by  modifying 
the  assemblage  referred  to  by  means  of  a  particular  kind  of 
distortion,  an  alternative  series  of  assemblages  is  obtained,  in  which 
the  arrangement  of  the  carbon  and  hydrogen  spheres  which  form 
the  methylene  fragments  is  very  nearly  the  same  as  before:    this 
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arrangement,  like  the  first,  is  related  to  a  number  of  crystallographic 
facts.  The  new  kind  of  arrangement  can  be  derived  from  the 
first  by  an  adjustment  or  deformation  which  leaves  each  sphere  with 

Fio.  28. 


practically  the  same  surroundings  but  which  changes  the  general 
symmetry:   the  nature  of  the  adjustment  is  as  follows. 

The  large  spheres  of  one  layer  (Fig.  28)  in  the  unadjusted  methylene 
assemblage  of  Fig.  14,  when  pressed  together  in  the  direction  which 


Fig.  29. 


is  horizontal  in  the  diagram,  fall  into  a  square  arrangement; 
simultaneously,  the  smaller  spheres,  by  movement  on  each  other 
and  on  the  large  spheres  with  which  they  are  in  contact,  are  able 
to  accommodate  themselves  to  the  altered  form  of  the  layer,  and 
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can  pack  very  closely  into  the  hollows  remaining  after  the  change 
is  made.  The  section  of  the  assemblage  shown  in  Fig.  28  thus 
becomes  that  shown  in  Fig.  29  a  and  b ;  the  modified  layer  consists 
of  a  plane  of  the  larger  spheres  in  square  arrangement  with  the 
smaller  spheres  sunk  in  the  hollows  on  both  of  its  f a^es ;  the  small 
spheres  touch,  each  other  in  the  plane  drawn  through  the  centres 
of  the  large  spheres,  as  shown  in  Fig.  29&.  Layers  produced  in  this 
manner  can  be  fitted  closely  together  in  such  a  way  that  the 
resulting  assemblage  is  practically  identical  with  that  previously 
reached  by  compounding  the  layers  in  their  other  shape.  In  other 
words,  the  layers  depicted  in  Fig.  29  are  obtained  from  the  general 
methylene  assemblage  of  Fig.  14  if,  instead  of  making  the  separation 
into  layers  parallel  to  the  plane  of  Fig.  14,  it  is  made  parallel  to 
the  plane  of  projection  of  the 

same     assemblage     shown      in  *'^"  ^*^- 

Fig.  30.  The  plane  of  projec- 
tion of  Fig.  30  is  at  right 
angles  to  those  of  both  Figs.  13 
and  14;  thus,  in  Fig.  31a,  in 
which  the  arrangement  is 
identical  with  that  in  Fig.  13, 
a  plane  perpendicular  to  the 
plane  of  the  diagram,  drawn 
through  AB,  gives  the  projec- 
tion shown  in  Fig.  14,  whilst 
a  plane  drawn  through  CD, 
also  perpendicular  to  the  plane 
of  Fig.  31a,  gives  the  section 
depicted  in  Fig.  316. 

The  conversion  of  the  general  methylene  assemblage  depicted  in 
Fig.  30  into  that  representing  a  normal  paraffin  is,  as  before,  effected 
by  intercalating  hydrogen  spheres,  twice  as  numerous  as  the  carbon 
spheres  in  a  single  layer,  between  consecutive  layers  of  carbon 
spheres  appropriately  selected,  the  planes  of  these  layers  being 
parallel  to  the  plane  of  projection  of  Fig.  30.  It  is  seen  from 
Fig.  29a  that  the  principal  hollows,  which  are  of  the  kind  marked 
A,  in  one  of  the  surfaces  of  a  layer  are  twice  as  numerous  as  are 
the  carbon  spheres  of  the  layer;  if  therefore  two  such  layers  are 
appropriately  placed  together,  a  layer  of  hydrogen  spheres  twice 
as  numerous  as  the  carbon  spheres  of  a  layer  can  be  closely  fitted 
between  them,  each  sphere  occupying  a  principal  hollow,  such  as  A, 
in  both  the  opposing  faces.  The  combination  of  two  layers  of  the 
composition  CHg  with  the  layer  of  hydrogen  s]^:heres  thus  fitted 
in  between  them,  is  shown  projected  in  Fig.  32 :  the  small  spheres 
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of  the  intercalated  layer  are  indicated  by  double  circles.     In  the 
assemblage  representing  a  normal  paraffin  formed  in  this  manner  the 

hydrogen  spheres  added  to  a 
terminal  layer  of  the  form 
CHg,  and  allotted  to  this  layer, 
occupy  the  same  positions  in 
the  face  of  the  layer  as  they 
would  if  an  additional  CHg 
layer,  of  which  they  formed 
part,  were  added;  this  can  be 
seen  on  inspection  of  the  pro- 
jection of  a  stratum  of  a 
paraffin  assemblage  of  the 
form  under  consideration.  The 
stratum  represented  in  Figs. 
31  a  and  b  is  that  appropriate 
to  normal  butane, 

corresponding  with  the  four 
methylene  radicles,  CH2,  there 
are  present  four  layers  of  large 
spheres  in  each  stratum,  as 
shown  in  Fig.  31a. 

The  centres  of  the  terminal 
small  spheres  which  have  been 
introduced  lie  on  two  similar 
sets  of  digonal  axes  of  the 
assemblage  having  two  direc- 
tions perpendicular  to  one 
another  as  indicated  by  the 
diagonal  broken  lines  of  Fig. 
32;  the  identity  of  these  di- 
gonal axes  in  the  two  directions 
involves  the  presence  of  screw 
tetragonal  axes  perpendicular 
to  the  planes  containing  the 
digonal  axes.  Thus,  the  assem- 
blage of  a  normal  paraffin  in 
the  modified  form  now  de- 
scribed can  present  tetragonal 
symmetry;  the  orientations  of 
the  succeeding  strata,  each  of 
which  is  composed  of  a  certain  number  of  layers  of  the  composition 
CH2  with  the  terminal  hydrogen  spheres  added,  will  then  differ  by 


Fig.  316. 
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90°.     As  remarked  above,  a  section  of  a  single  stratum  present  in 
a  butane  assemblage  is  represented  in  Fig.  31. 

That  the  marshalling  of   the   assemblage  of  a  normal   paraffin, 
when  of  this  altered  form,  is  compatible  with  very  close  packing, 
is  evidenced  as  before  by  the  approach  to  a  maximum  of  the  number 
of  contacts  or  close  proximities  round  each  sphere.    Thiis,  each  end 
carbon  sphere  of  a  chain  is  in  contact  with,  or  in  close  proximity  to, 
six  large  spheres  and  fifteen  small  ones,  together  twenty-one,  and 
each  of  the  other  large  spheres  is  similarly  environed  by  eight  large 
and  twelve  small  spheres,  together   twenty.     Each   terminal  small 
sphere  is  environed  by  four  large  and  four  small  spheres,  and  next 
to    the    terminal    ones    occur    other    small    spheres    immediately 
surrounded  by  five  large  and  five  small  spheres :    in   the  interior 
of  the  assemblage  each  small  sphere  is  environed  by  six  large  and 
three  small  spheres.     As  before,  the  carbon  spheres  of  a  molecule 
containing   several  atoms  form 
a  zigzag  string;   the  angles  of 
the  zigzag  are,  however,  much 
more   obtuse    in    the  form    of 
assemblage     now     under     con- 
sideration.     The    relation    be- 
tween the  latter,  which  may  be 
called    the    tetragonal    assem- 
iblage,    and    the    orthorhombic 
form  of  assemblage   previously 
described,      is      indicated      by 
stating   that    whilst    the    mar- 
shalling of  the  methylene  por- 
tion is  the  same  in   both,   the 
one    is    obtainable     from     the 
other  by  a   general    distortion 
which  alters  the  angles  of  the  zigzag  formed  by  the  chain  of  carbon 
spheres,  but   does   not  appreciably   alter  the   environment  of   the 
different  spheres  or  the  closeness  of  the  packing ;  the  molecular  units 
are  of  a  slightly  altered  form,  although  they  retain  much  the  same 
general  configuration.     In  view  of  the  indications  obtained  of  the 
existence  of  alternative  modes  of  partitioning,  which  do  not  give 
rise  to  observable  tautomerism,  in  connexion  with  benzene  (Trans., 
1906,  89,   1696),  and  of  such  alternative  modes  which  furnish  a 
mechanism  for  the  occurrence  of  tautomeric  and  isomeric  change, 
it  is  very  possible  that  a  paraffin  derivative   which   occurs  in  one 
form  of  assemblage  throughout  one   range  of  temperature   would 
undergo  conversion  into  the  alternative  form  on  entering  a  different 
range  of  conditions. 
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Crystalline  Form,  of  Halogen  Derivatives  of  Homologues  of  Ethane. 

It  will  be  convenient  now  to  discuss  the  rather  sparse  crystallo- 
graphic  data  available  for  the  halogen  derivatives  of  the  homologues 
of  ethane,  and  to  show  that  these  data  are  very  closely  and  very 
simply  related  to  the  two  forms  of  assemblage  described  above. 
The  whole  of  the  available  goniometric  data  are  dealt  with  under 
this  heading. 

;3;8yy-Tetfabromobutane,  CHa'CBrg'CBrg'CHg,  is  dimorphous,  and 
exists  as  a  tetragonal  and  an  orthorhombic  modification,  which 
have  been  measured  by  Fedoroff  (/.  jtr.  Chem.,  1890,  [ii],  42,  145). 
The  tetragonal  form  has  the  axial  ratio  a:  c  =  l:  1'28;  on  stating 
this  in  the  alternative  tetragonal  form  of  a:  c=\/2:  1"28,  and 
multiplying  the  value  of  cja  by  four,  the  number  of  carbon  atoms 
in  the  open  chain,  the  ratio  becomes,  when  stated  in  the  more 
convenient  orthorhombic  form : 

a-.i  :  c  =  l-414  :  1-414  :  5-120. 

The  valency  volume  of  this  butane  derivative  is   W  =  2&,  and  the 
equivalence  parameters  are  thence  calculated  as : 

X  :y  :  2=1-929  :  1-929  :  6-985. 

Since,  in  the  tetragonal  type  of  assemblage,  the  strings  of  carbon 
spheres  which  form  the  backbone  of  the  molecules  all  have  the  same 
mean  direction,  symmetry  would  indicate  that  this  is  the  direction  of 
the  axis  c  in  the  tetragonal  crystal  form  now  under  discussion. 
The  longer  direction  of  the  molecule  having  thus  the  direction  of 
the  parameter  z,  the  dimensions  of  the  fragment,  CHg,  in  the  crystal 
structure  should  be  the  above  x  and  y  and  the  fraction,  6/26,  of 
the  above  length,  z.  The  equivalence  parameters  of  the  fragment, 
CHg,  of  the  normal  butane  assemblage  are  thus  calculated  from 
the  crystal  form  of  the  tetragonal  modification  of  )8)8yy-tetrabromo- 
butane  as 

X  :  y  :  2  =  1-929  :  1-929  :  1-612. 

These  values  should  represent  translations  in  the  tetragonal  form 
of  the  general  methylene  assemblage;  that  they  do  represent  such 
translations  is  shown  by  the  manner  in  which  they  adapt  themselves 
to  the  description  of  Fig.  31,  in  which  they  are  marked.  The 
orthorhombic  modification  of  the  substance  is  dealt  with  later 
(p.  2347). 

The  isomeric  ajS-yS-tetrabromobutane, 

CH.Br-CHBr-CHBr-CHgBr, 
is  described  by  La  Valle  (Ber.,  1886,  19,  572)  as  orthorhombic  with 
a:  b:  c  =  0*9776  :  1:  16820,   and  is  thus  pseudotetragonal.     Multi- 
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plying  the  ratio,  cjh,  by  two,  and  calculating  the  equivalence 
parameters  for  the  whole  molecule  with  IF  =  26,  and  for  the  fragment 
with  IF  =  6  in  the  same  manner  as  before,  the  values  are  obtained  as : 

x:y  :  2  =  1-947  :  1*992  :  6701.     With  ^'=26. 
a;:y  :2  =  1-917  :  1-992  :  1-546.       ,,       W^Q. 

These  values  are  not  far  removed  from  those  obtained  with  the 
tetragonal  isomeride;  they  suggest  a  slight  spreading  of  the  layers 
in  the  present  instance  as  compared  with  the  previous  one,  and  a 
slight  compensatory  approximation  of  succeeding  layers  in  the 
direction  of  the  axis  c.  A  stereoisomeride  of  this  substance  is 
considered  below  (p.  2348), 

The  tetrabromohexane  of  the  constitution 

CH2Br-CHBr-CH.2-CH2-CHBr-CH2Br 
is  described  by  Negri  {Ber.,  1889,  22,  2498)  as  orthorhombic  with 
a:  6:  c  =  0*3641:  1:  0'3788,  and  is  also  pseudotetragonal.  On 
multiplying  the  length,  h,  by  two,  interchanging  h  and  c,  and 
calculating  just  as  before  the  equivalence  parameters  for  the  whole 
molecule,  with  TF  =  38,  and  for  the  fragment,  CHg,  with  TF  =  6, 
the  following  values  are  obtained : 

x:y:  2=1-880  :  1-956  :  10-329.     With  7F=38. 
a:  .-y:  2  =  1-880  :  1-956  :    1631.         „      W^  Q. 

These  values  for  the  methylene  fragment  approximate  closely 
to  those  derived  from  the  two  previous  cases. 

The  three  halogen  derivatives  just  above  discussed  thus  present 
the  tetragonal  type  of  assemblage;  the  following  appear  to  exhibit 
the  alternative  orthorhombic  type  first  described,  of  which  the 
halogen  derivatives  of  ethane  previously  referred  to  afford  examples. 

As  already  noted,  i3j3-yy-tetrabromobutane  is  dimorphous,  and 
from  Fedoroff's  data  for  the  orthorhombic  modification  Ja€ger  has 
calculated  (Trans.,  1908,  93,  521)  the  axial  ratios  as  a:h:c  = 
1-8671 :  1 :  3-478.  On  multiplying  the  length  6  by  four,  the 
number  of  carbon  atoms  in  the  chain,  interchanging  h  and  c,  and 
calculating  the  equivalence  parameters  for  the  whole  molecule,  with 
IF  =  26,  and  for  the  methylene  fragment,  CHg,  with  IF  =  6,  the 
following  values  result: 

x-.y.  2=1 1-868  :  3-479  :  4  000.     With  Jf  =26. 
x:y  :i  =  l-868  :3-479  :0-923.         „      ir=6. 

From  the  mean  values  of  the  equivalence  parameters  for  the 
halogen  derivatives  of  ethane,  namely,  x:  y:  a  =  1-967  :  3-396  :  2149, 
with  the  valency  volume,  IF  =  14  (p.  2335),  we  obtain  for  the 
methylene  fragment,  CHj,  with  IF  =  6,  the  values  x:  y.  z  = 
1-917:  3-396:  0921;  the  value  of  z  here  is  half  that  of  the  z  of 
Figs.  17  and  18.  This  set  of  values  approximates  closely  to 
that   calculated    from   the  data  for  the  orthorhombic   iS^S-y-y-tetra- 
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bromobutane,  and  indicates  that  the  latter  substance  affects  a  form 
of  assemblage  identical  in  type  with  the  orthorhombic  ethane 
derivatives. 

An  ajSyS-tetrabromobutane,  CH2Br*CHBr'CHBr'CH2Br,  stereo- 
isomeric  with  that  discussed  above,  has  been  described  by 
Panebianco  (Be?:,  1888,  21,  1432)  as  crystallising  in  the  mono- 
symmetric  system  with  a:  b:  c  =  2-6348:  1 :  2-3338,  )8  =  80°55/.  On 
transposing  these  axial  ratios  so  that  {101}  becomes  {100},  and 
{101}  becomes  {001},  the  axial  ratios  are  obtained  in  the  form 
«:  i:  c  =  l-6198:  1:  1-8678,  )8  =  82°58'30" ;  in  these  values  «  is 
doubled  and  taken  as  6,  c  is  taken  as  a,  and  b  is  multiplied  by  four 
and  taken  as  c.  The  axial  ratios  are  thus  obtained  in  the  form 
a:  b:  c  =  1-8978:  3-2396:  4-000,  a  =  82O58'30".  The  equivalence 
parameters  for  the  whole  molecule,  with  TF  =  26,  and  for  the  frag- 
ment, CHg,  with  TF  =  6,  are  now  calculated  as  before;  the  values 
obtained  are : 

xty:  2  =  1-938  :  3-316  :  4-085.     With  JF=26. 
a;  :  2/ 12  =  1-938  :  3-316  :  0-943.         „      /r=6. 

The  latter  set  of  values  also  agrees  well  with  that  derived  from 
the  halogen  derivatives  of  ethane,  namely,  with  x:  y.  z  = 
1-917:  3-396:  0-921. 

The  Secondary  and  Tertiary  Paraffins. 

The  discussion  of  the  configurations  of  the  normal  paraffins  in 
the  previous  pages  has  revealed  a  singularly  close  correspondence 
between  the  customary  method  of  representing  the  constitution  of 
such  substances  and  the  conception  of  their  configurations  derived 
from  the  geometrical  application  of  close-packing  to  assemblages  of 
spheres  of  two  volumes  in  the  ratio  of  4  :  1.  It  has  yet  to  be  shown 
that  the  correspondence  extends  to  the  secondary  and  tertiary 
hydrocarbons  of  the  same  series. 

Tetranuthylm ethane  (Pfi-DimethylprojHtne),  0(0113)4. 

The  most  obvious  method  of  arriving  at  the  assemblage  represent- 
ing tetramethylmethane  consists  in  replacing  each  hydrogen  sphere 
in  the  methane  assemblage  by  the  methyl  radicle,  CH3,  in  accordance 
with  the  second  geometrical  property;  the  discovery  of  the  precise 
arrangement  of  the  assemblage  is,  however,  attended  with  much 
difficulty  if  this  mode  of  procedure  is  adopted.  Another  method, 
which  is  more  readily  traceable,  depends  on  the  application  of  the 
first  geometrical  property  to  the  methane  assemblage,  and  may  be 
thus  described. 

It  has  been  pointed  out  that  the  four  hydrogen  spheres  associated 
to  form  a  close  group  in   a   methane  assemblage  belong   to   four 
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different  molecular  groups,  CH4 ;  if  therefore  a  carbon  sphere,  which 
is  quadrivalent,  be  substituted  for  a  single  close  group  of  four 
hydrogen  spheres,  it  will  belong  to,  and  will  connect,  four  partial 
groups  or  radicles,  CH3,  and  thus  give  a  composite  group  of  the 
required  composition,  0(0113)4.  Oonsequently,  if  throughout  the 
methane  assemblage  every  fourth  close  group  of  the  composition  H4, 
selected  symmetrically,  is  removed,  and  a  carbon  sphere  substituted, 
this  beincr  done  in  such  a  manner  as  to  make  the  relation  of  the 
units  so  obtained  to  the  assemblage  as  a  whole  identical,  such  an 
assemblage  will  furnish  a  possible  solution.  There  are  two  ways 
of  accomplishing  this  in  a  highly  symmetrical  manner,  either 
of  which  would  appear  to  be  in  harmony  with  the  ascertained 
facts. 

When  the  structure  of  the  methane  assemblage  was  under  con- 
sideration, it  was  pointed  out  that  the  shape  and  orientation  of  the 
groups,  H4,  influence  the  form  of  the  skeleton  framework  composed 
of  the  carbon  spheres,  the  reason  of  this  being  that  the  arrangement 
affect«d  by  these  spheres  must  be  such  as  gives  the  closest-packing 
of  the  groups  in  the  cavities  containing  them;  the  substitution  of 
single  carbon  spheres  for  some  of  the  H4  groups  will,  on  the  same 
principle,  involve  some  slight  modification  of  the  skeleton  frame- 
work of  carbon  spheres.  The  precise  nature  of  this  change  is 
difficult  to  trace,  especially  in  the  absence  of  crystallographic  data; 
for  diagrammatic  purposes  it  is  therefore  better,  in  each  of  the 
two  solutions  of  the  problem,  to  employ  the  simple  arrangement  of 
the  carbon  spheres  in  as  high  a  symmetry  as  the  marshalling  which 
they  present  is  capable  of,  without  attempting  to  depict  the  exact 
equilibrium  conditions  ultimately  attained. 

The  simpler  of  the  two  arrangements  possible  for  the  substituted 
carbon  spheres  has  cubic  symmetry.  Thus,  let  the  points  of  a 
certain  cubic  space-lattice  indicate  the  centres  of  the  carbon  spheres 
of  a  methane  assemblage;  the  centres  of  the  cubes  outlined  by  the 
system  form  a  second  similar  space-lattic^  and  mark  the  positions 
of  the  tetrahedral  hydrogen  groups.  Ono^fourth  of  the  groups  can 
be  selected  for  removal  and  substitution  by  additional  carbon 
spheres  in  such  a  way  that  their  arrangement  is  that  of  the  un- 
hatched  cubes  indicated  in  Fig.  33  a  and  b,  which  gives  the  two 
projections  of  the  two  sets  of  alternate  layers.  The  alternative 
arrangement  is  a  simple  tetragonal  one,  and  is  shown  in  Fig.  34 ; 
this  diagram  is  identical  with  Fig.  4,  with  the  exception  that  every 
fourth  cavity,  symmetrically  selected  in  tetragonal  symmetry,  is 
occupied  by  a  carbon  sphere.  The  newly  introduced  carbon  spheres 
are  shown  as  broken  line  circles,  and  are  arranged  contiguously  in 
one  of  the  three  axial  directions,  namely,  that  perpendicular  to  the 
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plane  of  the  figure;  the  groups  of  hydrogen  spheres,  H^,  fill  the 
strings  of  cavities  marked  A,  which  are  not  occupied  by  the  added 
carbon  spheres.  Thus,  the  complete  assemblage,  much  as  in  the 
case    of    benzene    previously  described   (Trans.,    1906,    89,   1693), 

consists     of    continuous 
^^^-  ^^^-  columns     of    carbon 

spheres  in  contact,  the 
interstices  between 
which  are  filled  with 
groups  of  hydrogen 
spheres  so  arranged  as 
to  produce  close-pack- 
ing; the  columns  con- 
sist of  square  groups  of 
four  separated  by  single 
carbon  spheres  through- 
out. 

In  both  the  cubic  and 
the  tetragonal  assem- 
blage described,  the 
most  symmetrical  way  of 
partitioning  the  system 
of  carbon  spheres  into 
groups  of  five  is  to  make 
these  groups  tetrahedral 
with  the  substituted 
spheres  at  the  centres. 
Thus,  in  Fig.  34,  the 
sphere  R  can  be  asso- 
ciated with  P  and  Q  of 
the  four  above,  and  with 
S  and  T  of  the  four 
below,  the  four  spheres 
P,  Q,  S,  and  T  thus  pre- 
senting a  tetrahedral 
arrangement  about  the 
sphere  R.  The  disposi- 
tion of  the  carbon 
spheres  in  the  molecule 
of  tetramethylmethane  as  thus  derived  is  identical  with  that 
indicated  by  the  theory  of  van't  Hoff  and  Le  Bel.  The  three 
hydrogen  spheres  attached  to  each  methyl  carbon  atom  will  lie,  as 
in  methane,  one  in  each  of  three  out  of  four  tetrahedrally  situated 
cavities  surrounding   each  methyl   carbon  sphere;    the    hydrogen 


Fig.  336. 
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spheres  will  follow,  as  closely  as  possible,  the  original  arrangement 
prevailing  in  the  methane  assemblage. 

Inspection  of  Fig.  34  shows  that  the  tetragonal  assemblage  for 
tetramethylmethane,  like  the  first  described,  must  approximate 
closely  to  cubic  symmetry.  The  correctness  of  the  mode  of  arriving 
at  the  arrangement  which  is  here  adopted  is  confirmed  by  Jaeger's 
determination  of  the  crystal  form  of  the  tetrabromo-derivative  of 
the  hydrocarbon,  namely,  C(CH2Br)4;  this   author  has  shown,  as 


already  indicated,  that  the  substance  is  pseudo-cubic,  being  mono- 
symmetric  with  the  axial  ratios,  a:  b:  c  =  l'0484:  1:  0'9472, 
/3  =  90°45'  (Trans.,  1908,  93,  520). 


TrimethylmctJiant  (isoButane),  CH(CH8)3. 

It  has  been  seen  that  the  appropriate  symmetrical  intercalation  or 
excision  of  methylene  layers,  CHo,  effected  in  the  case  of  a  given 
normal  parafl&n  assemblage  produces  some  other  normal  paraffin 
assemblage;  similar  operations  applied  singly  or  in  succession  to 
the  tetramethylmethane  assemblage  just  described  are  productive 
of  other  assemblages  appropriate  to  secondary  or  tertiary  paraffins. 
The  principle  involved  in  such  operations  may  be  stated  as  follows. 
A  regular  layer  of  spheres,  so  constituted  as  to  form  the  unit  layer 
of  a  closest-packed  assemblage  of  spheres,  for  example,  a  methylene 
layer,  forms  a  constituent  of  some  closest^packed  assemblage.  It  is 
then  found  (a)  that  the  two  parts  of  this  assemblage  obtained  by 
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the  excision  of  this  layer  can  close  up  and  become  closest-packed 
without  any  material  rearrangement,  and  (6). that  if,  instead  of 
removing  this  layer,  the  assemblage  is  divided  so  as  to  expose  one 
of  the  faces  of  the  layer,  a  second  similar  layer  can  be  fitted  on 
to  this  face  and  then  the  parts  fitted  up  so  as  to  form  a  closest- 
packed  assemblage  in  which  the  added  layer  is  intercalated. 

The  application  of  this  principle  depends  on  the  property  of  an 
assemblage  composed  solely  of  such  identical  layers  that  some 
translation  brings  the  contour  of  the  adjoining  portion  of  the 
assemblage  which  is  fitted  against  one  side  of  a  single  layer  to 
coincidence  with  the  contour  of  the  other  side  of  this  layer,  coupled 
with  the  fact  that  close-packing  involves  a  close  similarity  of  contour 
between  all  the  surfaces  of  different  sphere  combinations  which 
display  the  common  property  of  fitting  closely  on  to  the  same 
surface. 

For  the  present  purpose,  ?sobutane  or  trimethylmethane, 
CH(CH3)3,  may  be  regarded  as  derived  by  the  removal  of  methylene, 
CHg,  from  the  tetramethylmethane  molecule.  The  possibility  of 
performing  this  operation  symmetrically  on  the  tetramethylmethane 
assemblage,  whether  of  the  cubic  form  or  of  the  t€tragon£(J  form 
represented  in  Fig.  34,  constitutes  a  parallel  between  our  method 
of  formulation  and  the  chemical  relationship  subsisting  between  the 
two  hydrocarbons.  The  process  is  rather  simpler  as  applied  to  the 
tetragonal  form ;  this  case  may  be  described  as  follows. 

One-fifth  of  the  total  number  of  carbon  spheres  in  the  tetra- 
methylmethane assemblage  are  symmetrically  removed,  together  with 
twice  the  number  of  hydrogen  spheres,  by  withdrawing  every  fourth 
layer  of  the  original  carbon  spheres  taken  parallel  to  a  plane 
perpendicular  to  the  diagram  through  a  line  DE  in  Fig.  34,  together 
with  the  accompanying  hydrogen  spheres,  and  closing  up  the 
structure  by  bringing  the  exposed  surfaces  together.  As  the  result 
of  this  operation,  the  skeleton  assemblage  depicted  in  Fig.  35  is 
obtained ;  it  will  be  seen  that,  of  the  carbon  spheres  P,  Q,  S,  and  T, 
and  the  set  of  four,  Pj,  Q^,  Sj,  and  Tj,  making  up  the  eight  carbon 
spheres  which  together  enclose  a  substituted  carbon  sphere,  only 
P,  P,,  Q,  Qi,  S,  and  Sj  survive,  and  that  the  new  groups  form  two 
sets  oppositely  orientated  in  the  resulting  assemblage.  In  closing 
up  the  structure  after  removal  of  the  methylene  layer,  a  lateral 
shift  is  made,  such  a  relative  disposition  of  the  opposing  boundaries 
brought  together  being  selected  as  brings  the  columns  of  carbon 
spheres  at  one  boundary  opposite  to  the  strings  of  hydrogen  spheres 
ill  the  opposing  boundary;  this  is  possible  because  the  central  plane 
of  the  methylene  layer  in  the  original  assemblage  and  the  plane  of 
the    hydrogen    siDheres    which    becomes    central    in    the    modified' 
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assemblage  are  alike  capable  of  functioning  as  planes  of  gliding 
symmetry.  The  approximation  of  the  portions  fitted  together,  or 
the  space  gained  by  the  excision,  is  treated  as  dependent  on  the 
postulate  that  the  group  of  four  hydrogen  spheres  occupies  the 
same  space  in  the  assemblage  as  one  carbon  sphere ;  it  follows  from 
this  that  the  CHo  layer  occupies  three-fourths  of  the  space  required 
by  a  CH^  layer. 

The   method    described    indicates    roughly    the    relation  of  the 

■Fig.   35. 


required  assemblage  to  that  of  tetrametliylniethane,  but  tlie 
character  of  the  marshalling  in  the  arrangement  derived  is  imper- 
fectly defined;  still  less  is  the  precise  nature  of  the  crystalline 
symmetry  exhibited.  The  absence  of  crystallographic  data  for  the 
halogen  derivatives  of  ?«obutane  leaves  the  symmetry  in  doubt,  but 
it  is  possible  to  assign  to  the  marshalling  of  tetramethylmcthane  a 
very  simple  form,  from  which  an  equally  simple  ono  for  triinothyl- 
methane  can  be  derived. 

In  the  absence  of  crystal   data,   much  latitude  is  presented  for 
the  shape  taken  by  a  given   marshalling,  and  naturally  the  mar- 
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Fig.  36ff. 


Fig.  366. 


shalling  of  an  assemblage  can  be  most  readily  investigated  when 
in  its  simplest  form.     Although  this  form  will  not,  in  general,  be 

the  closest-packed  one,  it 
will  approximate  to  the 
close-packed  condition, 
and  will  display  the  pro- 
perty that  every  sphere 
will  be  in  contact  with, 
or  in  close  proximity  to, 
a  large  number  of  sur- 
rounding spheres.  Now, 
the  methane  assemblage, 
without  changing  its 
general  marshalling,  can 
take  the  form  depicted 
in  Fig.  36  a  and  6 ;  the 
simplest  shape  of  the 
methylene  layer,  CHg,  as 
depicted  in  Fig.  11,  can 
here  be  recognised.  Each 
layer  of  molecules,  CH4, 
consists  of  the  simple 
methylene  layer  with 
the  additional  hydrogen 
spheres  symmetrically  dis- 
posed in  the  same  manner 
on  both  sides  of  it,  as 
shown  in  the  section  /; 
the  manner  in  which  suc- 
ceeding layers  are  fitted 
together  in  this  simple 
marshalling  is  indicated 
by  superposing  &  on  a  of 
Fig.  36.  It  must  be 
clearly  understood  that 
the  assemblage  thus  pre- 
sented is  not  in  its 
closest-packed  form;  it  is 
a  distortion  of  the  closest- 
packed  assemblage  above 
described  of  such  a 
nature  as  to  simplify  the  internal  symmetry  without  changing 
the  marshalling.  The  methane  assemblage,  thus  regarded, 
give3  a  configuration    of    the    important    radicle    CHj,,  which  is 
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Fig.  B6d. 
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entirely  in  harmony  with  the  symmetrical  properties  expressed  by 
the  graphic  formulae  of  the  hydrocarbons.  When  it  is  employed  as 
the  root  methane  assemblage,  the  marshalling  of  the  compound 
under  consideration,  and  that  of  other  kindred  compounds,  can 
be  readily  traced,  and  will  be  seen  to  be  in  accordance  with  the 
graphic  formulae. 

The  first  step  is  to 
derive  the  correspond- 
ing simple  form  of 
marshalling  for  tetra^ 
methylmethane ;  this 
corresponds  with  the 
tetragonal  type  of  the 
compound  above  indi- 
cated, and  may  be 
regarded  as  produced 
from  it  by  a  distortion. 
The  process  of  deriv- 
ation from  the  methane 
assemblage  just  de- 
scribed consists  in  sub- 
stituting strings  of 
carbon  spheres  for  one- 
fourth  of  the  strings  of 
groups  of  the  composi- 
tion H4;  as  a  result  of 
this  change,  the  arrange- 
ment shown  by  super- 
posing 6  on  a  of  Fig.  36 
becomes  that  obtained 
by  superposing  c  on  a 
of  this  figure.  The 
layers  shown  on  the 
plane  of  the  diagram 
are  the  same  as  those 
found  parallel  to  a 
plane  drawn  through 
DE  perpendicular  to 
the  plane  of  Fig.  34. 

The  marshalling  for  trimethylmethane  is  obtained  directly  from 
that  for  tetramethylmethane  by  removing  the  central  methylene 
portion  from  half  the  unsubstituted  methane  layers  selected  sym- 
metrically and  closing  up  the  gaps,  using  the  remnant  hydrogen 
spheres  in  filling  in  between  the  parts  of  the  assemblage  which  have 
to  be  fitted  together  after  the  excision.     In  the  tetramethylmethane 
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assemblage,  layers  of  the  composition  CC  +  CH^  (Fig.  36c)  alternate 
with  layers  of  the  composition  2CH4  (Fig.  36a)  :  the  result  of  the 
excision  described  is  to  give  a  succession  of  sets  of  layers, 
2CH4:  CC+CH4:  4H:  CC  +  CH4,  etc.,  as  represented  roughly  by 
superposing  a^  c,  d,  and  e  of  Fig.  36. 

The  corresponding  molecular  unit  is  a  combination  of  one  carbon 
sphere  from  a  layer  a  with  the  three  carbon  spheres  of  one  of  the 
two  adjoining  layers  together  with  a  due  proportion  of  hydrogen 
spheres;  the  units  are  so  constituted  as  to  be  all  alike.  With 
regard  to  the  positions  of  the  planes  of  gliding  symmetry  mentioned 
above,  it  is  to  be  noted  that  in  the  tetramethylmethane  assemblage 
the  gliding  plane  is  the  median  plane  of  layer  a,  and  in  the  trimethyl- 
methane  assemblage  it  is  the  median  plane  of  layer  a  ox  d;  these 
planes  of  gliding  symmetry  can  be  traced  in  Figs.  34  and  35 
respectively.  As  already  intimated,  the  nature  of  the  adjustment 
of  this  marshalling  which  would  be  productive  of  the  precise 
crystalline  form  remains  unidentified  owing  to  the  absence  of 
crystal  data. 

The  geometrical  process  by  means  of  which  the  trimethylmethane 
assemblage  can  be  converted  into  that  of  tetramethylmethane  is 
analogous  to  the  process  of  preparing  tetramethylmethane  by  the 
action  of  zinc  methyl  on   ifer^. -butyl  iodide. 

Dimethylethylmethane   (isoPentane),  (CH3)2CH'CH2'CH3. 

If,  in  the  derivation  of  the  jsobutane  assemblage  from  that  of 
tetramethylmethane,  a  layer  of  the  general  methylene  composition, 
CHg,  such  as  is  excised  from  one  side  of  the  layer  of  tetramethyl- 
methane complexes,  is  inserted  in  the  symmetrical  position  on  the 
other  side  of  the  layer,  and  the  requisite  shift  of  one  layer  on 
another  made  to  close  up  the  packing,  the  assemblage  appropriate 
to  isopentane  or  dimethylethylmethane  results.  The  added  layer 
has  thus  to  be  inserted  on  one  side  of  each  layer  marked  DE  in 
Fig.  35.  The  relative  situations  of  the  two  layers,  CHg,  thus  placed 
together  are  indicated  in  Fig.  14;.  the  relation  of  the  composite 
layer  formed  to  the  remaining  portion  of  tlie  assemblage  is  shown 
in  Figs.  34  and  35.  The  marshalling,  as  before,  is  represented  in  its 
simplest  form. 

Propane,  CHa'CHa'CHg. 

If,  in  addition  to  the  excision  of  the  layers,  DE,  from  the  tetra- 
methylmethane assemblage  of  Fig.  34  a  set  of  layers,  BAAC,  parallel 
to  them  and  symmetrically  situated,  is  similarly  removed  and  the 
exposed  surfaces  brought  together  as  before,  an  assemblage  is 
obtained  which  has  the  composition  of  propane.  It  is  possible  so 
to  partition   the  assemblage  thus  obtained  as  to  derive  molecular 
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units  of  the  form  already  indicated  for  propane  (p.  2334) ;  this  is 
most  readily  shown  in  connexion  with  the  original  tetramethyl- 
methane  assemblage  of  Fig.  34. 

In  the  propane  unit  described  in  connexion  with  the  normal 
paraffins,  the  central  carbon  sphere  makes  four  tetrahedrally 
situated  contacts  with  surrounding  spheres,  two  with  carbon  and  two 
with  hydrogen  spheres,  and  of  the  four  tetrahedrally  situated  con- 
tacts of  each  end  carbon  sphere,  one  is  with  a  carbon  and  three  with 
hydrogen  spheres.  Now  in  the  tetramethylmethane  assemblage 
referred  to,  each  central  carbon  sphere  makes  four  tetrahedrally 
situated  contacts  with  carbon  spheres,  and  when  the  withdrawal  of 
parallel  strata  occurs,  two  of  the  four  outer  carbon  spheres  and  four 
hydrogen  spheres  are  removed  from  each  molecular  group.  And  as 
the  removal  of  the  carbon  spheres  reveals  hollows  on  the  surfaces 
exposed,  formerly  occupied  by  these  spheres,  which,  when  the  closing 
up  takes  place,  are  occupied  by  hydrogen  spheres  projecting  from 
the  opposing  similar  surfaces,  it  is  evident  that  the  central  carbon 
sphere  of  each  group  is,  after  the  process,  surrounded  by  four 
spheres,  two  of  each  kind  tetrahedrally  arranged.  Further,  it  can 
be  shown  that  each  end  carbon  sphere,  as  in  the  tetramethylmethane 
assemblage,  has  tetrahedrally  situated  contacts  with  a  carbon 
sphere  and  three  hydrogen  spheres.  Thus,  the  hydrogen  spheres 
remaining  of  a  methane  stratum,  from  which  the  central  CHo  layer 
has  been  removed,  are  left  embedded  in  the  two  faces  exposed,  half 
in  each;  they  consequently  retain  the  same  positions  relatively  to 
the  end  carbon  spheres  of  the  group  found  in  the  stratum  to  which 
they  are  attached.  The  same  is  true  of  the  hydrogen  spheres 
centrally  placed  in  the  stratum  containing  the  end  carbon  spheres. 
Consequently,  each  end  sphere  of  a  group  has  the  same  tetrahedrally 
arranged  contacts  with  a  single  carbon  sphere  and  three  hydrogen 
spheres  after  the  excisions  are  made,  just  as  it  had  before.  It  is 
therefore  established  as  above  stated  that  the  two  propane 
assemblages,  that  of  the  ordinary  paraffin  structure  and  that  derived 
from  the  tetramethylmethane  assemblage,  can  be  partitioned  into 
unit  groups  of  the  same  form ;  in  other  words,  they  are  polymorphous 
arrangements  of  the  same  molecular  groups.  The  geometrical 
process,  inverse  to  that  indicated  above,  by  means  of  which  the 
second  kind  of  propane  assemblage  can  be  converted  into  that  of 
tetramethylmethane,  is  analogous  to  Friedel  and  Ladenburg's 
conversion  of  iS^-dichloropropane,  (CH3)oCCl2,  into  tetramethyl- 
methane by  the  action  of  zinc  methyl. 

The  graphic  formulae  for  all  the  hydrocarbons  of  the  general 
molecular  composition  C„H.„  +  2  <^*"  be  derived  from  those  of 
methane,  trimethylmethane,  and  tetramethylmethane  by  the  intro- 
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duction  of  methylene  groups,  CHg,  into  the  formulae  in  all  the  ways 
consistent  with  the  quadrivalency  of  carbon.  It  has  been  shown  in 
the  foregoing  pages  that  close-packed  assemblages  of  the  general 
composition  of  the  paraffins  can  be  constructed  which  correspond 
in  constitution  and  configuration  with  the  normal  hydrocarbons  of 
the  series;  it  has  also  been  shown  that  other  assemblages  may  be 
derived  which  possess  geometrical  properties  exactly  representative 
of  the  simple  secondary  and  tertiary  paraffins  by  means  of  simple 
substitution  processes  which  closely  parallel  the  modes  of  preparation 
of  these  hydrocarbons.  The  mode  in  which  the  geometrical  substi- 
tutions are  made  renders  it  clear  that  similar  operations  appropri- 
ately performed  will  lead  to  the  production  of  an  assemblage 
corresponding  in  constitution  with  any  primary,  secondary,  or 
tertiary  paraffin.  The  conclusion  must  thus  be  drawn  that  the 
continued  prosecution  of  the  method  described  for  deriving 
assemblages  representing  the  paraffins  must  lead  to  a  complete 
parallel  between  the  possibilities  of  our  geometrical  method  for 
interpreting  atomic  space  arrangement  and  the  variety  of  chemical 
processes  of  derivation  which  are  so  completely  pictured  with  the 
aid  of  the  ordinary  graphic  formulae. 

The  Olefinic  Hydrocarbons. 

The  results  obtained  by  means  of  the  above  method  of  deriving 
close-packed  assemblages,  which  represent  in  composition,  con- 
stitution, and  configuration  all  the  primary,  secondary,  and  tertiary 
paraffins,  have  been  shown  to  accord  with  all  the  available  gonio- 
metric  data ;  although  this  evidence  is  small  in  amount,  it  appears  to 
be  of  a  very  direct  character.  The  assemblages  for  the  normal 
paraffins  are  characterised  by  being  built  up  wholly  from  the  general 
methylene  assemblage  by  the  intercalation  of  additional  hydrogen 
spheres  in  appropriate  ways.  It  will  now  be  shown  that  the  reverse 
process,  namely,  the  removal  of  hydrogen  spheres  from  the  general 
methylene  assemblage,  gives  rise  to  a  geometrical  feature  corre- 
sponding with  the  element  of  chemical  constitution  described  as  an 
ethylenic  double  bond.  By  the  application  of  this  process  of 
excision  to  paraffinoid  assemblages,  fresh  assemblages  can  be  derived 
representing  all  the  open-chain  olefines  of  the  general  composition 
CnHgnj  ^^^  it>  will  further  be  demonstrated  that  peculiarities  of 
configuration,  which  arise  naturally  during  the  process,  represent 
the  properties  associated  with  the  cis-  and  ^rans-isomerism  of  certain 
ethylene  derivatives. 

The  formation  of  an  olefine  may  be  represented  by  the  chemical 
operation  of  removing  two  hydrogen  atoms  from  one  terminal  carbon 
atom  of   each  of   two  paraffin    molecules,  and    allowing     the     two 
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bivalent  radicles  thus  obtained  to  condense,  forming  a  hydrocarbon 
molecule  containing  an  ethylenic  dovible  bond;  this  corresponds 
with  the  production  of  ethylene  by  the  action  of  copper  on  methylene 
iodide,  and  may  be  thus  formulated : 

CH2I2  -  21  +  CHoIa  -  21  =  CHalCHg. 
It  has  been  shown  that  the  orthorhombic  and  the  tetragonal  forms 
of  the  general  methylene  assemblage  are  capable  of  interconversion 
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by  means  of  simple  adjustment  without  any  violent  rearrangement. 
The  described  process  of  excision  may  be  applied  to  either  form, 
but  the  tetragonal  one  lends  itself  the  more  readily  to  its  appli- 
cation; it  is  the  one  the  employment  of  which  leads  to  a  result 
that  can  be  checked  by  crystallographic  data,  whilst  that  of  the 
orthorhombic  form  at  present  does  not.  The  application  of  the 
process  to  the  tetragonal  form  of  the  general  methylene  assemblage 
alone  is  given  here;  the  treatment  of  the  other  form  is  not 
attempted,  first,  because  it  is  not  at  the  moment  of  practical 
importance,  and  secondly,  because  the  first  step  in  the  derivation 
of  an  olefinic  form  from  an  orthorhombic  parafl5noid  form  may 
possibly  consist  in  the  passage  of  the  latter  to  the  tetragonal  form. 

The  configuration  of  the  ethylenic  grouping,  as  it  presents  itself 
in  a  homogeneous  close-packed  assemblage,  is  deduced  by  removing 
from  a  face  of  each  of  two  composite  layers,  CHg,  of  the  general 
methylene  assemblage  of  the  tetragonal  form,  the  small  spheres 
lying  in  the  hollows  of  the  face,  and  by  then  keying  together  the 
two  faces  thus  laid  bare.  The  process  itself  parallels  that  which 
may  be  thus  formulated : 

H-(^+  ZC.H  =.  H-V^V'- 


2360   BARLOW  AND  POPE  :  THE  RELATION  BETWEEN  THE  CRYSTAL 

and  is  depicted  in  Fig.  37  a  and  h  by  superposing  h  on  a;  the  section 
of  the  resulting  assemblage  of  radicles  through  a  line  AB  is  given 
in  Fig.  37c;  it  is  concluded  that  the  presence  of  such  a  double 
stratum  as  this  is  characteristic  of  an  olefine.  The  only  addition 
requisite   to  the  stratum   just  described  to   produce  from    it   the 
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arrangement  for  ethylene  is  the  appropriate  insertion  of  spheres  of 
valency  volume  1  at  each  of  its  faces  in  the  manner  already 
described  in  connexion  with  the  normal  paraffins;  the  close-packed 
assemblage  composed  of  the  strata  thus  completed  is  obtained  by 
arranging  a  succession  of  the  strata  of  Fig.  37c  with  a  layer  of  the 

small  spheres  between  each  of 
them,  such  as  is  shown  in 
Fig.  37c?  (compare  Fig.  32). 
In  view  of  the  comparative 
simplicity  of  this  process,  it 
will  be  convenient  at  once  to 
demonstrate  its  application  to 
a  specific  case  in  which  a 
slight  complicating  adjustment 
accompanies  the  formation  of 
the  assemblage. 

Jaeger  has  described  tetra- 
iodoethylene,  C2I4,  as  crys- 
tallising in  the  monosymmetric 
system  with 
(f.h:  c  =  2-9442:  1:  3-4387, 
/3  =  70°44'30"  (Trans.,  1908,  93,  523).  In  thi^  description  it  is 
convenient  to  change  the  indices  001,  101,  201,  111,  and  100 
to  100,  203,  001,  263,  and  203  respectively;  the  introduction  of 
the  factor  three  in  this  connexion  seems  permissible  in  view  of 
the  pronounced  pseudohexagonal  character  of  the  compound,  and 
as  a  result  of  the  change  the  indices  become  more  symmetrically 
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distributed,  although  numerically  somewhat  more  complicated.     The 
axial  ratios  are  then  obtained  in  the  form : 

a  -.b  :  ^  =  10891  :  1  :  0-7360  ;  )3  =  8l°3'; 
whence  the  equivalence  parameters  are  calculated,  with  TF  =  12,  as: 

X  :y  :  ^  =  2-689  :  2-469  :  1  817  ;  0  =  8i°S'. 
The  assemblage  appropriate  to  tetraiodoethylene,  and  also  there- 
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fore  to  ethylene  itself,  is  constructed  on  the  basis  of  these  values  in 
the  following  manner.  Carbon  spheres  are  arranged  in  square 
order  so  as  to  be  equidistant  in  the  same  plane,  and  nearly  in  contact, 
as  in  the  general  methylene  assemblage  of  tetragonal  form  depicted  in 
VOL.    XCVII.  7    P 


2302      BARLOW  AND  POPE:  THE  RELATION  BETWEEN  THE  CRYSTAL 

Fig.  29;  the  squares  are  then  converted  by  a  distortion  into  rhombs, 
the  diagonals  of  which  are  in  the  ratio  oi  x:  y.  The  arrangement 
and  dimensions  of  the  system  thus  produced  are  indicated  by  the 
large  circles  of  Fig.  38a.  On  one  face  of  the  layer  of  carbon  spheres 
are  now  placed  spheres  of  volume  1,  representing  hydrogen  or  iodine, 

Fig.  39rt. 
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one  in  each  of  the  hollows.  If  the  arrangement  of  the  large  spheres 
were  a  square  one,  each  small  sphere  would  touch  four  large  ones,  as 
shown  in  Fig.  37 ;  as  it  is,  each  small  sphere  makes  but  three  contacts, 
and  symmetry  requires  that  these  shall  be  such  that  the  centres  of 
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the  small  spheres  display  the  same  relative  arrangement  as  the  large 
ones,  and  are  thus  equidistant.  Their  situations  are  indicated  by 
the  circles  marked  a  in  Fig.  38a.  The  principal  hollows  now  present 
on  the  face  of  the  composite  layer  to  which  the  spheres  a  have  been 
added  are  juft  twice  as  numerous  as  the  carbon  spheres;  they  are 
next  occupied  symmetrically  by  other  spheres  of  volume  1,  as  shown 
by  the  circles  h  and  c.  The  block  thus  obtained  can  be  regarded 
as  consisting  of  three  layers  of  spheres,  one  of  large  and  two  of 
small  ones. 

A  second  block  of  spheres  similar  to  the  first  is  now  formed  and 
the  two  blocks  put  together,  so  that  the  faces  on  which  no  small 
spheres  have  been  placed  fall  together  and  key  into  one  another,  each 
large  sphere  of  one  block  making  contacts  with  three  large  spheres  of 
the  other  block.  Three  contacts  of  large  spheres  are  so  made  that 
the  shift  of  the  large  spheres  on  the  face  of  the  block  has  the 
opposite  direction  to  the  shift  of  the  small  spheres,  a,  first  placed  on 
the  other  face.  The  relative  situations  of  the  two  blocks  are  shown 
by  superposing  Figs.  38a  and  39a,  when  it  is  seen  that  the  system 
formed  has  digonal  axes  parallel  to  the  direction  y  passing  through 
points  of  contact  of  carbon  spheres;  sections  of  the  double  layer 
of  two  blocks  by  two  planes  perpendicular  to  those  of  Figs.  38a 
and  39a,  through  the  lines  AB,  CD  and  EF,  GH  respectively,  are 
shown  in  Figs.  386  and  396.  Double  blocks  of  the  form  thus 
obtained  are  fitted  together  in  such  a  manner  that  the  end  layer  of 
small  spheres,  h  and  c,  of  one  block  serve  as  the  end  layer  of  the 
next  double  block ;  thus,  if  the  spheres  6  are  allotted  to  one  double 
block,  those  marked  c  are  to  be  allotted  to  the  adjoining  one. 

The  composition  of  the  completed  assemblage  corresponds  with  that 
of  ethylene  or  tetraiodoethylene,  and  its  dimensions,  x,  y  and  z,  are 
the  equivalence  parameters  above  derived  for  the  latter  substance. 
It  will  be  seen  that  the  assemblage  differs  merely  by  a  slight  adjust- 
ment and  a  sheer  equivalent  to  the  angle  i8==84°3'  from  the  more 
symmetrical  one  constructed  to  represent  ethylene  in  which  the 
carbon  and  hydrogen  spheres  are  in  square  arrangement.  It  is 
interesting  to  note  that  the  plane  directions  with  the  somewhat 
complex  indices  given  above  are  found  to  be  very  important  direc- 
tions in  the  assemblage  when  their  traces  are  drawn  on  the  plan 
and  section  here  given. 

The  fact  of  the  limitation  of  the  number  of  derivatives  of  the 
normal  paraffins  led  van't  Hoff  to  ascribe  freedom  of  rotation  to  a 
ingly  bound  carbon  atom;  a  limitation  of  tliis  kind  does  not  obtain 
in  the  case  of  a  doubly  bound  carbon  atom,  although  the  accepted 
graphic  representation  of  the  altered  molecule  and  its  derivatives 
are  capable  of  a  digonal  rotation  by  means  of  which  it  could  be 

7   P  2 
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represented.  This  discrepancy  points  to  the  loss  of  some  sym- 
metrical feature  due  to  the  presence  of  the  double  bond.  An 
examination  of  the  effect  on  a  normal  methylene  assemblage  of  the 
removal  of  the  double  layer  of  hydrogen  spheres  and  the  closing  of 
the  gap,  which,  it  is  suggested,  expresses  the  change  referred  to, 
shows  that  a  deterioration  of  symmetry  has  supervened ;  strings  of 
carbon  spheres  are  not  continued  in  the  same  planes  across  the 
plane  at  which  the  modification  occurs,  but  a  side  shift  or  "  fault " 
is  necessitated  in  order  that  the  two  denuded  surfaces  may  fit 
closely  together.  It  is  suggested  that  the  existence  of  this  break 
in  the  regularity  of  the  strings  of  carbon  spheres  makes  two  different 
orientations  equally  available  for  the  portion  of  an  assemblage  lying 
beyond  the  surface  of  modification;  in  other  words,  whilst  in  the 
case  of  a  normal  paraffin  assemblage  of  the  tetragonal  form  the 
addition  of  a  layer,  in  order  to  give  equilibrium,  must  be  so  per- 
formed that  the  joined  layers  have  the  same  orientation,  in  the 
case  where  a  double  or  ethylenic  bond  is  present,  it  is  equally 
favourable  to  equilibrium  whether  the  two  layers  coming  together 
have  the  same  orientation  or  differ  in  orientation  by  90°.  THe 
parallel  which  thus  exists  between  the  properties  of  close-packed 
assemblages  and  the  occurrence  of  cis-  and  irans-isomerides  amongst 
the  derivatives  of  ethylene  will  be  treated  immediately  in  connexion 
with  the  isomerides  of  the  composition  C^Hg. 

It  should  be  remarked  that  the  existence  of  the  alternative  re- 
ferred to  for  the  attachment  of  an  added  layer  is  inoperative  in  the 
case  of  ethylene,  and  in  the  cases  of  compounds  equally  symmetrical, 
such  as  tetraiodoethylene ;  in  all  such  cases  the  two  resulting  forms 
become  identical,  and  thus  indicate,  as  they  should  do,  that  there 
is  but  one  kind  of  molecule.  The  alternative  becomes  operative, 
however,  in  some  derivatives  of  this  simple  form,  since  partial  sub- 
stitution of  the  hydrogen  spheres  allows  two  kinds  of  partitioning 
to  be  discriminated  which  are  not  interchangeable  without  re- 
marshalling.  The  effects  of  the  presence  of  the  structure  repre- 
sented by  the  ethylenic  bond,  as  exhibited  in  cases  of  homologues  of 
ethylene,  will  now  be  traced. 

The  Homologues  of  Ethylene. 

After  having  traced  a  peculiarity  of  geometrical  structure  in  a 
close-packed  assemblage  which  corresponds  with  the  double  bond 
present  in  the  ethylene  molecule,  it  is  desirable  to  ascertain  whether 
the  introduction  of  this  geometrical  feature  into  a  paraffinoid 
assemblage  leads  to  the  production  of  the  type  of  assemblage 
specifically  associated  with  the  presence  of  an  ethylenic  bond.  For 
this  purpose,  it  is  convenient  to  consider  the  four  butylenes,  C4Hy, 
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which  may  be  regarded  as  derived  from  butane  and  jsobutane  by 
the   removal   of    two  hydrogen  atoms  from  the    molecule;    these 

/-ITT  f 'TT 

substances  are  (1)  c?"s-s-dimethylethylene,  j|^C-^"\H  ^'  "^^^  *^«"s- 
«-dimethylethylene,  ^^>C:C<qjj  ,    (3)  ethylethylene   (butylene), 

GHa'CHa'CHICHa,  and  (4)  as-dimethylethylene  (?sobutylene), 
(CH3)2C:CH2.  Further,  in  order  that  the  possibilities  of  close- 
packing  under  the  specified  condition  of  unit  composition  may  be 
exhausted,  as  also  those  of  isomerism  of  the  molecular  composition 
C^Hg,  it  will  be  convenient  to  discuss  the  assemblages  representative 
of  the    remaining   two  hydrocarbons    of   the    latter    composition, 

namely,  (5)  tetramethylene  (cyc^obutane),  CU^K^^j^^^CH^,  and  (6) 
methyltrimethylene    (methylcycZopropane),  CH3'CB[<![Y    * 

It  will  now  be  shown  that  the  process  of  excising  hydrogen  spheres 
which  has  been  applied  above  for  the  purpose  of  deriving  the 
assemblage  representing  ethylene  can  be  applied  in  three  different 
ways  to  the  normal  butane  assemblage ;  these  lead  to  the  production 
of  three  distinct  assemblages,  which  represent  the  butylenes,  num- 
bered (1),  (2),  and  (3).  A  similar  process  applied  to  the  wobutane 
assemblage  leads  to  the  formation  of  an  assemblage,  which  represents 
the  asymmetrical  dimethylethylene,  numbered  (4).  In  connexion 
with  the  analogy  existing  between  the  geometrical  mode  of  repre- 
sentation employed  and  the  possibilities  of  chemical  isomerism,  it  will 
be  shown  that  these  four  methods  of  applying  the  process  of  excision 
are  the  only  ones  that  lead  to  the  production  of  the  geometrical 
peculiarity  of  structure  corresponding  with  the  presence  of  an 
ethenoid  double  bond ;  three  other  modes  of  excision  are,  however, 
also  applicable,  two  to  the  butane  assemblage,  and  one  to  that  of 
Mobutane ;  all  of  these  result  in  the  formation  of  assemblages  which 
do  not  contain  the  ethenoid  peculiarity  of  geometrical  structure. 
Of  the  latter  assemblages,  two  are  identical  and  represent  methyl- 
trimethylene (6),  which  is  derived  both  from  the  butane  and 
the  jsobutane  assemblage;  the  remaining  assemblage  is  that  of  (5), 
tetramethylene,  and  is  derived  only  from  the  butane  assemblage. 
Since  assemblages  representative  of  the  four  homologues  of  ethylene 
and  the  two  polymethylenes,  which  constitute  all  the  isomerides  of 
the  composition  C4H8,  are  derivable  from  those  representing  the 
only  two  hydrocarbons  of  the  composition  C^Hjq  by  processes  entirely 
analogous  to  the  chemical  methods  of  preparing  the  former  hydro- 
carbons, strong  confirmation  is  afforded  of  the  general  accuracy  of 
the  mode  of  formulation  now  put  forward.  These  cases  illustrate 
in  a  striking  manner  the  geometrical  property  to  which  has  been 
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ascribed  the  persistence  of  the  tetrahedral  disposition  of  the  atomic 
links  when  substitution  occurs;  they  consequently  throw  light  on 
the  precision  with  which  the  ordinary  formulae  indicate  the  number 
and  nature  of  the  isomerides  obtainable  in  any  particular  case. 

The  three  modes  of  excision  applicable  to  the  assemblage 
representing  normal  butane  for  the  purpose  of  deriving 
assemblages  representative  of  the  butylenes  (1),  (2),  and  (3) 
are  the  following.  In  a  stratum  of  the  normal  butane 
assemblage  of  the  tetragonal  form,  four  attached  layers  of 
the  composition  CHg,  and  of  the  square  configuration,  are  present; 
to  each  of  the  terminal  faces  of  the  block  an  appropriate 
set  of  hydrogen  spheres  has  been  added,  as  already  explained 
(p.  2336).  The  stratum  indicated  is  first  divided  at  the  median  plane, 
so  that  each  half  consists  of  two  layers  of  the  form  CHg,  to  one  of 


Fig.  40rt. 
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which  an  additional  set  of  hydrogen  spheres  has  been  added.     From 

the  surface  of  each  of  the  two  halves  exposed  by  the  separation 

the  small  spheres  are  now  removed,   and  the  two  halves  are  then 

refitted  together,  making  the  large  spheres  of  one  face  fit  into  the 

hollows  of  the  other ;  this  operation  may  be  performed  in  two  ways, 

one  being  represented  by  superposing  h   on  a,   and  the   other  by 

superposing  c  on  a  of  Fig.  40.     In  these  diagrams  the  groups  fitted 

-C— C 
together  are  of  the  form        „,  all  the  hydrogen  spheres  attached 

to  the  outer  layer  of  carbon  spheres — those  representing  the  methyl 
hydrogen  atoms — being  omitted  for  the  sake  of  clearness.  The 
superposition  of  h  on  a  gives  the  assemblage  corresponding  with 
ci.?-.?-dimethylethylene,  and  that  of  c  on  a  the  assemblage  for  the 
^rans-isomeride.  No  hydrogen  spheres  lie  between  the  two  denuded 
layers  of  carbon  spheres  fitted  together  as  described,  and  the  hollows 
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on  the  denuded  surfaces  from  which  the  hydrogen  spheres  have  been 
removed  are  now  occupied  by  the  carbon  spheres  of  the  opposing 
face.  The  geometrical  operation  which  has  thus  been  performed 
upon  the  normal  butane  assemblage  may  be  roughly  represented 
diagrammatically  by  the  following  scheme : 


I     • 
CH, 


to 


CH   "CH„ 

I        3       I        3 

CH=CH 


CHg 

CH=CH  . 
CH, 


The  assemblage  of   (3),   ethylethylene,    is  derived   from   that  of 
normal  butane  by  dividing  the  latter  at  the  place  of  either  the  first 
or  third  linking  so  as  to  give  as  one  segment  a  single  layer  of  the 
form  CH2,  with  its  additional  small  spheres  attached  to  one  face 
only,    and,  as  the     other     seg- 
ment,   a   block  or  stratum     of  ^"^-  **''- 
three    layers,    CH,,    with    the 
additional         small         spheres 
attached  to  one  of  its  boundary 
faces.      As    before,   the    small 
spheres   are  removed  from   all 
the  hollows   of  the    two    faces 
exposed  by  the  separation,  and 
the  surfaces  are  then  refitted; 
this  operation  can  only  be  per- 
formed    in   one   way     without 
destroying  symmetry,  or  rather, 
the  two  most  symmetrical  ways 
of     fitting    the    strata    closely 
together    to    produce     a    con- 
tinuous assemblage  give  identical  results. 

The  assemblage  for  as-dimethylethylene  (4)  can  be  obtained  from 
that  of  /.sobutane,  but  is  most  conveniently  derived  from  that  of 
tetramethylmethane,  C(CH3)4,  already  described  (Fig.  34),  by 
removing  from  the  latter  one-half  of  the  layers  which  have  the 
composition  H4C,  namely,  either  those  whose  median  planes  pass 
perpendicularly  to  the  plane  of  the  diagram  through  all  the  diagonal 
lines  BC,  or  those  whose  median  planes  pass  through  all  the  lines 
DE.  On  removing  the  strata  thus  indicated  and  then  re-fitting 
the  denuded  surfaces,  a  general  arrangement  is  attained  of  which 
the  large  spheres  alone  are  represented  in  Fig.  41 ;  in  this  figure  the 
unremoved  layers  of  the  composition  H4C  are  marked  DE. 

The  three  modes  of  excision  which  do  not  lead  to  the  production 
of  the  geometrical  feature  corresponding  with  the  ethenoid  double 
bond  remain  to  be  dealt  with;   that  which  yields  the  assemblage 
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corresponding  with  (5),  tetramethylene,  CHg^pTr^^CHj,    is  next 

described.  The  assemblage  for  this  hydrocarbon  is  derived  from 
that  of  normal  butane  of  the  tetragonal  form  (Fig.  31)  by  removing 
the  layers  of  hydrogen  spheres  which  correspond  with  the  terminal 
atoms  in  the  paraffin  chain,  thus  obtaining  strata  of  the  methylene 
form  of  assemblage,  each  consisting  of  four  tetragonal  layers  of 
carbon  spheres  and  the  accompanying  hydrogen  spheres.  Each 
stratum  is  next  adjusted  so  as  to  bring  its  constituent  carbon  spheres 
close  together  in  fours,  as  indicated  diagrammatically  in  Fig.  42 
a  and  h ;  the  planes  of  these  sections  are  perpendicular  to  those  of 


Fig.  41. 


the  tetragonal  layers.  The  grouping  is  so  performed  that  each  four 
tetragonal  layers  of  carbon  spheres  and  attendant  hydrogen  spheres 
furnish  two  layers  of  tetramethylene  complexes,  as  indicated  by 
a  and  h.  A  single  tetramethylene  complex,  plan  and  elevation  of 
which  are  shown  in  Fig.  43  a  and  h,  consists  of  four  large  spheres  in 
the  same  plane  and  eight  small  spheres,  four  in  each  of  two  planes 
parallel  to  and  equidistant  from  the  plane  of  the  carbon  spheres. 

The  two  remaining  modes  of  excision  applicable  as  already  inti- 
mated (a)  to  the  butane  and  {l>)  to  the  zsobutane  assemblage,  lead 
to  the  production  of  the  same  molecular  unit,  that  which  represents 
methyltrimethylene ;  the  former  is  applied  to  the  normal  butane 
assemblage  of  the  orthorhombic  form  in  the  following  manner. 

(fl)  Alternate  layers  of  the  small  terminal  spheres  of  the  normal 
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butane  assemblage  are  removed  as  if  for  the  purpose  of  condensing 
the   strata  in  pairs    so   as   to   form    strata   of  the   normal  octane 

Fig.  ^2a. 


Fig,  42J. 


assemblage,   and   each   mutilated   butane  stratum  is  divided  sym- 
metrically into  blocks  of  the  composition  CH3  and  3(CH2)  respec- 
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tively.  The  latter  blocks  are  next  so  adjusted  that,  as  condensed 
together  two  by  two,  they  form  aggregates  of  trimethylene  complexes 
arranged  as  is  indicated  by  superposing  a  and  h  of  Fig.  44 ;  each 
stratum  consists  of  six  layers  of  large  spheres  as  shown  in  the 
figure,  and,  as  in  the  previous  case,  each  small  circle  represents  two 
spheres.  Finally,  one-half  of  the  hydrogen  spheres  are  removed 
symmetrically  from  the  outer  layers  of  the  double  stratum  just 
described,  and  the  outer  layers  are  refitted  to  the  CH3  layers  from 
which  they  were  separated,  the  projecting  carbon  spheres  of  one 
face  of  the  latter  being  allowed  to  fall  into  the  hollows  vacated  by 
the  hydrogen  spheres  last  removed ;  simultaneously,  the  small  spheres 
of  the  added  CH3  layers  are  adjusted  for  close-packing.  The  precise 
effect  of  the  last  process  is  difficult  to  trace,  but  its  practicability  is 
indicated  by  the  facts  that  when  the  refitting  has  taken  place,  each 
sphere  of  the  altered  trimethylene  layers  is  still  immediately  sur- 

FiG.  43a.-  Fig.  436. 


rounded  by  the  large  number  of  spheres  appropriate  for  very  close- 
packing,  and  that  no  destructive  deformation  of  the  original  CH3 
arrangement  is  necessitated.  The  refitting  of  the  layers  is  repre- 
sented by  the  equation:    3(CH2) -H-f-CH3  =  CH3-CH<V    »,    and 

the  assemblage  attained  is,  as  indicated  by  its  constitution,  composed 
of  trimethylene  complexes,  from  each  of  which  a  hydrogen  sphere 
has  been  removed,  grafted  on  to  modified  methyl  complexes. 

{h)  A  different  assemblage  of  the  same  trimethylene  complexes  is 
derived  from  that  of  trimethylene  by  an  appropriate  excision  of 
hydrogen  spheres  in  the  manner  next  described.  In  Fig.  35,  repre- 
senting the  arrangement  of  the  carbon  spheres  in  the  trimethyl- 
methane  assemblage,  cavities  and  portions  of  cavities,  which  lie 
between  two  planes  of  which  the  traces  are  marked  FG,  HK,  are 
available  for  the  reception  of  hydrogen  spheres;  the  central  entire 
cavities  are  each  of  the  magnitude  requisite  for  the  reception  of 
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Fig.  44rt. 


four  hydrogen  spheres,  and  the  portions  or  half  cavities  have  half 
this  magnitude.  Whilst  maintaining  the  same  configuration  of  the 
groups  of  four  large 
spheres  as  is  indicated  in 
the  figure,  the  two  oppo- 
site sets  are  now  allowed 
to  approach  until  the 
cavities  and  portions  of 
cavities  afford  only  one- 
half  the  previous  accom- 
modation for  hydrogen 
spheres;  the  effect  of 
diminishing  the  accom- 
modation offered  by  the 
cavities  and  portions  of 
cavities  to  one-half  the 
original  amount  is  indi- 
cated in  Fig.  45.  Finally, 
without  re-marshalling, 
such  mutual  adjustments 
are  conceived  as  will 
adapt  the  various  cavities 
between  the  large  spheres 
to  the  close-packing  of 
the  appropriate  numbers 
of  hydrogen  spheres ; 
these  adjustments  will 
resemble,  in  general, 
those  previously  de- 
scribed in  connexion  with 
simpler  cases. 

The  unaltered  mar- 
shalling of  the  large 
spheres  in  each  molecular 
group  which  is  thus  pre- 
scribed, and  the  advance- 
ment of  large  spheres 
to  occupy  cavities  left 
vacant  by  the  removal  of 
the  small  ones,  is  fittingly 
represented  by  the  transi- 
tion from  the  graphic 
formula  of  triniethylmethane  to  that  of  methyltrimethylene 
immediately  accomplished  by  removing  a  hydrogen  atom  from  each 
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of  two  neighbouring  branches  of  the  molecule  of  the  former,  and 
restoring  the  linkage  equilibrium  by  adding  a  link  between  the 
carbon  atoms  concerned,  thus  : 


to 


In  connexion  with  the  two  methods  just  described  for  deriving 

Fig.  45. 


an  assemblage  representing  methyltrimethylene,  it  is  suggested  that 
the  course  followed  involves  the  initial  formation  and  the  subsequent 
preservation  of  an  approximately  regular  tetrahedral  disposition 
of  the  contacts  of  the  carbon  spheres  with  other  spheres  of  the  same 
naolecular  unit;  the  functional  identity  of  the  molecular  units  here 
indicated  will  necessitate  that  the  two  assemblages  should  be 
regarded  as  an  example  of  polymorphism. 

The  arguments  stated  and  the  data  given  in  the  previous  pages 
indicate  that  an  ethenoid  compound  is  derived  from  the  correspond- 
ing paraffinoid  compound  by  the  removal  of  the  requisite  proportion 
of  hydrogen  spheres  from  the  assemblage,  and  the  subsequent  con- 
traction necessary  to  restore  close-packing  to  the  avssemblage.  It 
■would  consequently  be  anticipated  that  pairs  of  substances  of 
complex  molecular  constitution,  the  members  of  which  differ  in  that 
a  paraffinoid  element,  •CH2*CH2*,  in  the  one  is  substituted  by  an 
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ethenoid  element,  -CHICH',  in  the  other,  might  afford  frequent 
instances  of  intimate  crystallographic  relationship;  in  such  cases, 
the  substitution  just  mentioned  should  occur  in  such  a  manner  that 
the  closing  up  of  the  assemblage  would  be  manifested  by  a  contrac- 
tion in  the  direction  of  one  of  the  properly  selected  equivalence 
parameters.  Examples  of  this  kind  are  not  uncommon,  and  one 
may  be  here  quoted. 

CTT 

Acenaphthene,    CjoHg<^i     -,    is     morphotropically     related     to 

CH 

acenaphthylene,    C\oHg<'M        (Billows,  Zeitsch.   Kryst.  Min.,  1903, 

37,  396) ;  both  belong  to  the  orthorhombic  system,  and  the  axial 

ratios  are  respectively: 

Acenaphthene,     a  -.h  :  c^OoQOS  :  1  :  0'5161. 
Acenaphthylene,  a  :  h  :  f  =  0-5926  :  1  :  0-4996. 

The  equivalence  parameters  corresponding  with  these  axial  ratios 
are : 

Acenaphthene,     x  :  y  :  2  =  3-3959  :  5-7527  :  2-9689.      Jr=58 
Acenaphthylene,  x  :  y  :  3  =  3-4017  :  5-7404  :  2-8678.      /r=56. 
Differences  -00058  +  00123  +  0-1011. 

It  is  observable  that  the  differences  between  corresponding 
equivalence  parameters  for  the  two  substances  are  negligibly  small 
in  the  directions  x  and  y,  but  appreciably  large  in  the  direction 
of  2 ;  in  this  case  the  replacement  of  the  paraffinoid  by  the  ethenoid 
structural  element  has  involved  a  closing  up  of  the  crystalline 
assemblage,  which  is  only  experimentally  appreciable  in  the  direction 
of  the  c  or  z  axis.  An  equally  striking  example  is  afforded  by  the 
morphotropic  relationship  observed  betweep  dibenzyl  and  stilbene, 
which  is  referred  to  later  (p.  2379). 

The  Acetylene  Series,  CnUin-y 

The  space  formation  of  spheres,  which  corresponds  with  the 
characteristic  acetylene  grouping,  'CiC*,  is  rather  more  difficult  to 
trace  than  that  representing  the  double  linking  present  in  ethylene, 
but  owing  to  the  extreme  simplicity  of  the  molecular  composition 
of  the  first  member  of  the  acetylene  series,  the  possibilities  to  be 
submitted  to  consideration  are  so  limited  in  number  that 
examination  of  the  arrangement  to  be  described,  which  fulfils  some 
of  the  principal  conditions  requisite,  leaves  practically  no  doubt 
that  it  is  the  one  sought. 

The  assemblage  representing  acetylene  itself  is  derived  from  a 
closest-packed  cubic  assemblage  of  spheres,  each  of  the  volume  4 
(Fig.  1),  in  the  following  manner.  Each  of  the  large  cavities  in 
the  assemblage,   which  are   found  at  the  centres  of  groups  of  six 
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Fig.  46. 


spheres  and  are  just  as  numerous  as  the  spheres,  is  occupied  by 
a  smaller  sphere  of  such  magnitude  as  just  to  touch  the  six  spheres 
enclosing  the  cavity;  the  assemblage  represented  in  Fig.  46  is  the 

result.  The  smaller 
spheres  which  can  thus 
be  inserted  are  of  a 
magnitude  less  than 
corresponds  with  the 
valency  volume  1,  and 
are  next  to  be  ex- 
panded until  they 
attain   this   volume. 

If  the  relative 
arrangement  of  the 
centres  of  both  kinds 
remained  unchanged 
during  the  expansion, 
it  is  evident  that  all 
the  contacts  between 
the  larger  spheres 
would  be  broken,  as 
shown  in  Fig.  47,  but 
it  is  possible  for  the 
large  spheres  to  pre- 
serve some  of  their 
contacts,  notwithstand- 
ing the  presence  of 
the  smaller  spheres,  if 
slight  mutual  adjust- 
ment occurs.  The 
assemblage  can  be  re- 
garded as  composed  of 
layers  the  planes  of 
which  are  parallel  to  a 
plane  drawn  through 
opposite  edges  of  a 
cube  of  the  funda^ 
mental  space-lattice ; 
such  a  layer,  viewed 
prior  to  the  adjust- 
ment, is  represented 
diagrammatically  by  the  continuous  lines  in  Fig.  48.  Let  therefore 
each  larger  sphere  continue  in  closest  contact  with  one  other  sphere 
of  its  own  size,  and  let  the  partners  be  so  selected  that  the  contacts 
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of  sphere  with  sphere  are  distributed  through  space  as  evenly  as 
possible.  The  latter  condition  is  fulfilled  if  the  points  of  contact 
are  approximately  at  the  centres  and  angles  of  a  cubic  partitioning 
of  space  such  that  the  length  of  a  cube  edge  equals  the  translation 
of  the  assemblage  along  the  directions  in  which  carbon  and  hydrogen 
spheres  are  found  placed  alternately  in  contact.  The  assemblage 
thus  modified  consists  of  groups  of  a  composition  corresponding 
with  acetylene,  C.2H2;  the  projections  of  the  points  at  which  the 
large  spheres  come  into  contact  when  the  adjustment  occurs  are 
marked  A  in  the  diagram.  The  geometrical  properties  of  the 
adjusted  assemblage  thus  constituted  parallel  the  chemical 
behaviour  of  acetylene,  as  will  be  perceived  below  in  connexion  with 


the  homologues  of  the  hydrocarbon.  Owing  to  the  fact  that  no 
crystallographic  data  are  available  for  directly  checking  the 
geometrical  results,  the  exact  nature  of  the  processes  by  which  the 
succeeding  terms  of  the  acetylene  series  are  arrived  at,  and  the 
precise  forms  of  the  assemblages,  are  difficult  to  determine;  the 
following  is  put  forward,  however,  as  the  probable  mode  of  deriving 
the  correct  form  of  assemblage  for  methylacetylene  (allylene), 
CH.,-C:CH. 


Methylacetylene  (^Allylene). 

From  one  of  the  two  similar  faces  of  a  layer  of  complexes  such 
as  is  depicted  in  Fig.  48,  the  small  spheres  are  removed,  so  that  the 
residue  represents  the  radicle,  'CiCH  ;  the  stratum  is  then  slightly 
distorted  by  diminishing  its  thickness  and  consequently  increasing 
its  face  dimensions  so  as  to  make  the  latter  equal  to  those  of  a  layer 
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of  the  unadjusted  orthorhombic  ethane  assemblage,  Fig.  49&.  On 
the  denuded  face  of  a  stratum  of  this  kind,  which  is  shown  in 
Fig.  49a,  is  next  grafted  a  stratum  of  methyl  complexes  (Fig.  49&), 
namely,  a  half  stratum  of  the  ethane  assemblage  (Fig.  23) ;  the 
process  is  represented  diagrammatically  by  superposing  Fig.  49& 
on  Fig.  49a.     The  composition  of  the  resulting  compound  stratum 

Fig.   49«. 
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is  represented  by  the  formula  CHg-CiCH,  and  the  corresponding 
equilibrium  assemblage  will  consist  of  a  number  of  such  strata  keyed 
into  one  another;  succeeding  strata  will  be  oppositely  orientated, 
and  the  contacts  between  them  will  consequently  be  of  two  different 
kinds  occurring  alternately.  One  kind  will  resemble  the  terminal 
contacts   found   in   the  acetylene   assemblage,   as  above   presented. 
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and  the  other,  those  found  in  the  normal  paraffin  assemblage  of  the 
orthorhombic  form.  As  in  most  of  the  preceding  cases,  the 
marshalling   described   is   represented  in    a  simple  form,   and   the 

Fig.  50a. 


Fig.  506. 
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assemblage  must   therefore  be   conceived  to  be   subjected   to  such 
adjustment  as  is  requisite  to  produce  closest-packing  of  this  mar- 
shalling.    It  is    important    to   observe  that    the    assemblage  just 
VOL.  XCVii,  7  Q 
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described  can  be  distorted  so  as  to  assume  a  tetragonal  form  without 
any  considerable  alteration  of  the  environment  of  the  constituent 
atoms ;  perhaps  the  simplest  way  of  describing  the  result  is  to  build 
Up  an  assemblage  from  two  kinds  of  tetragonal  strata  representing 
respectively  the  acetylenic  remnant,  •C:CH,  and  the  methyl  radicle, 
•CH3.  The  former  is  obtained  from  a  tetragonal  acetylenic  layer 
(Fig.  47)  by  removing  the  hydrogen  spheres  from  one  of  its  faces, 
as  shown  by  Fig.  50«,  whilst  the  layer  representing  methyl  is  derived 
from  the  tetragonal  ethane  assemblage  (Figs.  29  and  30),  and  its 
projection  is  represented  diagrammatically  in  Fig.  50&.  It  is 
remarkable  that  in  putting  the  two  layers  together  the  terminal 
face  of  the  ethane  stratum  has  in  this  case  to  be  turned  towa'^ds 
the  denuded  acetylene  face,  so  that  what  was  the  inner  face  is  now 
outwards ;  this  is  represented  by  superposing  &  on  a  of  Fig.  50.     The 


Fir..  51. 


Fig.  52. 


methylacetylene  strata,  CHg-C'CH,  as  before,  present  opposite 
orientations  in  succeeding  layers ;  in  the  tetragonal  assemblage  now 
being  described,  junctions,  such  as  occur  in  acetylene,  alternate  with 
junctions  having  much  the  same  marshalling  as  those  of  tetra- 
methylmethane  strata  (p.  2348).  The  diagrams  merely  indicate  the 
marshalling,  and  must  be  supposed  subjected  to  adjustment  which 
renders  the  packing  closer. 

The  assemblage  representing  the  next  homologue  of  the  series, 
ethylacetylene,  CHs'CHg'CrCH,  results  from  employing  a  butane 
stratum  instead  of  an  ethane  one  in  the  geometrical  process  described 
above. 

It  has  been  shown  in  the  foregoing  pages  that  the  geometrical 
method  indicates  that  the  conversion  of  a  paraffin  assemblage  into 
that  of  the  corresponding  olefinic  and  acetylenic  hydrocarbon  occurs 
by  the  excision  of  layers  of  hydrogen  spheres,  appropriately  selected, 
in  such  a  manner  that  the  dimensions  of  the  residual  paraffinoid 
radicle    suffer     but    little     change.      The    paraffinoid,  olefinic,     or 
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acetylenic  assemblage  can,  in  fact,  be  regarded  as  consisting  of  a 
paraffinoid  assemblage  into  which  have  been  appropriately  inter- 
calated layers  of  the  composition  -CH^-CUr,',  -CH-CH-,  or  'CIC- 
respectively,  these  layers  being  dimensionally  compatible  with  the 
paraffinoid  part  of  the  assem- 
blage. In  this  dimensional  com-  ^^^-  ^^• 
patibility      between      the      three 

elements      of     constitution      just  ^^-        ,^^^ 

mentioned  is   found    a    complete 

explanation      of     the       frequent     M       i;^.  '■■hTd. 

occurrence      of      close      morpho- 

tropic       relationships        between        ^^^S^^^^^^^l^^^^ 

corresponding  paraflBnoid,  olefinic, 

and   acetylenic     compounds,    and 

for  which   no  cause  has   hitherto  ^'^SS-^::   :.i?i 

been    traced.       For    the    present 

it     will     suffice     to     quote     the 

axial  ratios  for  the  monosymmetric  dibenzyl,  stilbene,  and  tolane  as 

illustrating  the  relationship  referred  to  (Boeris,  Zeitsch.  Kryst.  Min., 

1901,  34,  298) : 

a    :    b    :    c  /3. 

Dibenzyl,  Ph-CHo'CIVPb 20S06  :  1  :  1-2522  115=54' 

Stilbeue,  Ph-CH:CII-Ph 2  1701:1:1-4003  114    6 

Tolane,  Ph'C-C'Pli   2-2108:1:1-3549  115    1 

The  Conversion  of   Acetylene  Derivatives  into    Aromatic 
Hydrocarbons. 

The  assemblages  just  put  forward  as  representing  acetylene  and 
its  homologues  have  been  constructed  in  accordance  with  the  prin- 
ciples of  close-packing  applied  in  numerous  other  cases,  the  existence 
of  this  condition  consisting  in  the  large  number  of  spheres  in  contact 
with,  or  close  proximity  to,  each  sphere.  Although  uncorroborated 
to  any  considerable  extent  by  crystallographic  evidence,  the  correct- 
ness of  the  representation  is  strongly  supported  by  the  fact  that 
the  tetragonal  assemblages  described  immediately  provide  a 
mechanism  which  can  be  shown  to  illustrate  the  well-known  con- 
version of  acetylene  derivatives  into  aromatic  hydrocarbons. 

The  acetylene  assemblage  has  been  derived  from  the  closest-packed 
assemblage  of  equal  spheres  of  the  valency  volume  4  by  forcing 
spheres  of  valency  volume  1  into  the  interstices  which  occur  at  the 
centres  of  close  octahedral  groups  of  six  spheres  and  are  as  numerous 
as  the  large  spheres.  Before  the  insertion  of  the  smaller  spheres, 
the  assemblage  can  be  regarded  as  composed  of  identical  groups  of 
six  spheres,  and  similarly,  after  the  insertion  of  the  hydrogen  spheres, 
as  built  up  of  the  composite  groups  of  twelve  spheres,  six  large  and 

7  Q  2 
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six  small,  depicted  in  Fig.  51.  The  latter  groups,  however,  can  be 
readily  distorted  into  groups  of  the  benzene  configuration  shown 
in  Fig.  52,  which  has  been  previously  described  (Trans.,  1906,  89, 
1693),  and  is  shown  in  rough  perspective  in  Fig.  53;  this  is  easily 
seen  by  comparing  Figs.  51  and  52.  The  acetylene  assemblage  of 
Fig.  48  can,  consequently,  be  regarded  as  built  up  of  units  of  the 
composition  C2H2,  each  representing  an  acetylene  molecule,  or  as 
consisting  of  units  of  the  composition  C^Hg,  each  of  which  represents 
a  distorted  benzene  complex. 

The  choice  between  the  two  kinds  of  partitioning  can  be  expressed 
by  the  number  of  large  spheres  in  immediate  contact ;  if  these  touch 
two  by  two,  while  the  pairs  are  not  in  contact  but  are  kept  apart  by 
the  smaller  spheres,  the  acetylene  grouping  is  indicated,  but  if  the 
larger  spheres  form  groups,  each  containing  six  carbon  spheres  in 
ring  contact,  each  sphere  of  a  layer  of  three  being  attached  to  two 
spheres  of  the  neighbouring  layer  of  three,  the  benzene  configuration 
is  portrayed.  It  is  conceivable  that  the  simpler  form  of  grouping 
may  give  closest-packing  when  the  ratio  of  the  sphere  magnitudes  lies 
within  certain  narrow  limits,  and  that  when  these  limits  are 
exceeded  in  one  of  the  two  directions,  the  other  form  of  grouping 
may  be  brought  about;  the  polymorphous  forms  of  assemblage  for 
benzene  previously  described  would  then  follow  from  further  change 
of  the  conditions.  The  passage  from  one  grouping  to  the  other 
above  indicated  will  thus  occur  at  some  critical  condition  of  tem- 
perature or  the  like;  it  involves  no  re-marshalling  but  some  slight 
adjustment  of  the  relative  positions  of  the  two  sizes  of  spheres. 
The  slight  adjustment  which  is  thus  requisite  to  the  conversion  of 
the  acetylene  assemblage  into  an  aggregate  of  units  having  the 
benzene  configuration  is  the  geometrical  analogue  of  the  conversion 
of  acetylene  into  benzene  by  heat. 

The  acetylene  assemblage,  in  accordance  with  our  previous  results, 
must  be  regarded  as  practically  identical  in  form  and  relative 
dimensions  with  the  assemblages  of  the  halogen  derivatives  of  the 
hydrocarbon ;  by  replacing  each  hydrogen  sphere  in  it  by  an  iodine 
sphere  of  approximately  the  same  valency  volume,  the  assemblage 
representing  the  crystalline  di-iodoacetylene  would  be  obtained. 
Von  Baeyer's  observation  {Ber.,  1885,  18,  2269),  that  di-iodo- 
acetylene, C2I2,  is  converted  into  hexaiodobenzene  by  slight  warming 
or  the  action  of  light,  is  in  complete  accordance  with  this. 

A  similar  kind  of  mechanism  elucidates  the  polymerisation  which 
occurs  when  monoiodo-  or  monobromo-acetylene  is  preserved  in  the 
crystalline  or  dissolved  state,  and  which  leads  to  the  production  of 
the  1:3:  5-tri-iodo-  or  tribromo-benzene  respectively  (von  Baeyer, 
loc.  qU.).     For  the  representation   of  these  changes,  the  hydrogen 
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spheres  on  one  side  only  of  the  stratum  of  acetylene  complexes  are 
replaced  by  iodine  or  bromine  spheres  of  approximately  the  same 
valency  volume  as  hydrogen;  the  distortion  of  the  assemblage  for 
monoiodo-  or  bromo-acetylene  thus  obtained  lea-ds  to  the  re- 
partitioning  in  the  sense  of  the  equation : 

3CH:CI  =  C6H3T3  (1  :3:5). 

The  compound  tetragonal  assemblage  for  allylene,  CHg'CrCH, 
depicted  in  Pig.  49,  was  obtained  by  the  intercalation  of  two  kinds 
of  strata,  those,  namely,  of  the  acetylene  and  methane  radicles. 
Polymerisation  strictly  corresponding  with  that  observed  is  brought 
about  geometrically  by  altering  the  acetylene  stratum  just  as  in  the 
previous  case;  the  three  carbon  spheres  of  a  newly  constituted 
benzene  complex  thus  formed,  which  lie  in  one  of  the  two  planes, 
become  respectively  attached  to  three  methyl  groups  of  the  adjoining 
stratum  so  as  to  give  the  symmetrical  constitution  of  mesitylene. 

In  the  derivation  of  the  assemblage  for  allylene,  the  hydrogen 
spheres  on  one  side  only  of  the  acetylene  layers  were  replaced  by  a 
layer  of  methyl  complexes ;  if  the  hydrogen  spheres  on  both  sides  of 
each  acetylene  layer  are  replaced  by  layers  of  methyl  complexes,  the 
assemblage  produced  represents  that  of  the  symmetrical  dimethyl- 
acetylene  (crotonylene),  CHg'CiC'CHj.  The  passage  by  slight  dis- 
tortion of  the  acetylene  layers  to  the  benzene  configuration  involves 
the  conversion  of  each  set  of  three  dimethylacetylene  complexes  into 
one  molecular  complex  of  hexamethylbenzene  in  a  manner  precisely 
paralleled  by  the  observed  facts. 

If  oxygen  spheres  are  introduced  into  the  allylene  assemblage 
described  above  in  the  proportion  of  one  for  each  acetylene  unit 
present,  and  two  hydrogen  spheres  are  simultaneously  introduced 
for  each  oxygen  sphere,  in  accordance  with  the  second  geometrical 
property,  an  assemblage  is  obtained  which  has  a  constitution  corre- 
sponding with  that  of  acetone,  CHg-CO'CHg.  The  removal  of  the 
elements  of  water  from  this  assemblage,  so  as  to  convert  it  into  the 
allylene  assemblage,  accompanied  by  the  slight  distortion  which 
causes  the  assemblage  to  pass  to  the  benzene  form,  corresponds 
geometrically  with  the  observed  conversion  of  acetone  into  mesitylene 
by  the  dehydrating  action  of  sulphuric  acid.  The  following  method 
may  be  applied  to  the  production  of  an  assemblage  for  acetone,  in 
which  the  process  referred  to  can  be  readily  traced. 

The  general  methylene  assemblage  described  above  (p.  2326)  can 
be  distorted  to  an  acute  rhombohedral  form  without  sensibly  affect- 
ing the  closeness  of  the  packing;  the  volume  of  each  rhombohedral 
unit  cell,  like  that  of  the  orthorhombic  cell  before  described,  is 
that  proper  for  one  radicle  unit,  CHg.  The  corners  of  the  cell  are 
occupied  by  the  centres  of  carbon  spheres,  and  the  cell  contains  at 
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Fig.  54. 


its  centre  a  pair  of  hydrogen  spheres,  the  pairs  being  similarly 
orientated.  The  resulting  assemblage  can  be  traced  in  the  following 
simple  manner.  The  assemblage  may  be  regarded  as  consisting  of 
similar  layers  of  the  same  composition  as  the  layers  depicted  in 
Fig.  19,  the  planes  of  centres  being  parallel  to  a  plane  drawn 
through  the  axis  of  a  cell  to  contain  one  of  the  rhombohedral  edges 
which  intersect  this  axis;  a  constituent  layer  can  be  derived  if 
the  configuration  of  a  single  unit  cell  is  ascertained  in  the  following 
manner. 

Two  circles,  centred  at  A  and  C,  of  which  the  diameters  are  in 
the  ratios  of  those  of  the  carbon  and  hydrogen  spheres,  are  drawn 
in  contact  (Fig.  54) ;  on  the  line  joining  the  centres,  AC,  a  semi- 
circle, AVC,  is  erected,  and  AC  is  produced  to  cut  the  smaller 
circle  in  L.     The  line  LH  is  drawn  perpendicular  to  AL,  AL  is 

trisected  in  D,  and  DV  is 
drawn  perpendicular  to  AL  to 
intersect  the  semicircle  in  V, 
A  and  V  are  joined,  and  the 
join  produced  to  cut  LH  in  H; 
VH  is  then  bisected  in  B,  and 
with  B  as  centre  a  circle  equal 
to  circle  A  is  drawn. 

Since  AD  =  1/3  AL,  AV  = 
1/3  AH  =  VB;  therefore,  since 
AVC  is  a  right  angle,  AC  = 
CB,  and  circle  C,  which 
touches  circle  A,  also  touches 
circle  B.  L  is  now  used  as  a 
centre  of  symmetry,  about 
which  points,  lines,  and  circles 
are  symmetrically  repeated,  as 
shown  in-  the  figure;  the 
parallelogram  ABFG  is  the  section  of  a  rhombohedron  of 
the  form  required,  and  the  circles  centred  at  A,  B,  F,  and 
G  are  the  sections  of  carbon  spheres  of  which  the  centres  lie  at 
those  angular  points  of  the  rhombohedron  which  are  intersected 
by  the  plane  of  the  section  depicted ;  the  small  circles  indicated  are 
the  sections  of  hydrogen  spheres  enclosed,  each  having  contact 
with  the  other  and  with  three  carbon  spheres  lying  on  one  side 
of  L  in  a  plane  perpendicular  to  AL  as  well  as  with  one  carbon 
sphere  of  which  the  centre  lies  on  this  line.  For,  if  the  line  ALF 
be  made  a  trigonal  axis,  and  by  successive  rotation  through  120° 
a^out  it,  four  other  points  are  located  from  the  points  B  and  G, 
while  points  A    and   F   remain  unmoved,    the   eight   points    thus 
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Fig.  566. 
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indicated  are  connected  by  the  property  that  the  six  points  not 
on  the  axis  are  equidistant  from  it  and  lie  three  and  three  on 
two  planes  which  trisect  the  axis  AF,  a  property  characteristic  of 
the  angular  points  of  a  rhombohedron.  The  proof  of  the  existence 
of  this  property  lies  in  the  fact  that  the  traces  of  the  planes  referred 
to,  being  the  horizontal  lines  through  B  and  G,  respectively  trisect 
the  semi-axes  AL  and  FL. 

When  space  has  been  partitioned  by  means  of  three  sets  of  parallel 
equidistant  planes  into  rhombohedra  of  the  form  indicated,  and 
carbon  spheres  have  been  placed  with  centres  at  all  the  angles, 
while  pairs  of  hydrogen  spheres  occupy  the  cell  centres,  each  large 
sphere  is  in  contact  with  eight  small  spheres  and  almost  in  contact 
with  six  large  spheres,  while  each  small  sphere  touches  four  large 
spheres  and  one  small  one.  This  kind  of  arrangement  can  be 
traced  in  Fig.  55,  which  shows  layers  constructed  according  to  the 
cell  conditions  derived  above;  the  continuous  and  discontinuous 
lines  respectively  depict  projections  of  succeeding  layers. 

In  order  to  derive  from  the  methylene  assemblage  of  the  form 
thus  described  an  assemblage  for  acetone,  CHa'CO'CHs,  three  suc- 
ceeding layers  are  taken,  and  an  oxygen  sphere  substituted  for  each 
pair  of  hydrogen  spheres  of  the  central  layer  of  the  three;  this 
can  be  done  without  any  sensible  change  in  the  form  of  the 
rhombohedral  cell.  A  number  of  sets  of  three  layers  thus  modified 
must  then  have  hydrogen  spheres  added,  just  as  in  the  case  of  the 
previously  described  methylene  assemblage,  so  as  to  produce  strata 
which  appropriately  represent  the  formula  of  acetone ;  the  resulting 
assemblage  in  its  most  symmetrical  condition  is  indicated  by  super- 
posing b  on  a  of  Fig.  56,  a  representing  the  two  layers,  CHo  and 
CO  respectively,  with  the  terminal  hydrogen  spheres  added,  and  b 
representing  a  single  layer,  CH2,  with  its  terminal  hydrogen 
spheres. 

Geometrical  complexes  of  the  composition  OHj  can  be  readily 
recognised  in  the  assemblage  described,  each  oxygen  sphere  being 
nearly  in  contact  with  four  hydrogen  spheres,  two  above  and  two 
below  the  plane  of  the  layer.  The  withdrawal  of  the  pairs  of 
hydrogen  spheres  of  one  of  the  layers  simultaneously  with  the  oxygen 
spheres  of  the  next  layer,  with  which  they  are  nearly  in  contact, 
deprives  the  middle  carbon  layer  of  all  its  smaller  spheres,  and 
leaves  but  one  hydrogen  sphere,  namely,  the  end  one,  to  be  allotted 
to  each  of  the  carbon  spheres  of  an  end  layer;  this,  when  the 
assemblage  is  closed  up  after  the  extraction  of  the  OITo  complexes, 
leads  to  the  marshalling  above  deduced  for  allylene,  CHg'CiCH,  and 
subsequently  the  deformation  already  referred  to  converts  the 
allylene  assemblage  into  that  proper  for  mesitylene  (p.  2381). 
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A  mechanism  similar  in  kind  to  that  explained  and  illustrated 
above  is  apparently  applicable  to  the  more  complex  cases  presented 
by  the  various  pyridine,  quinoline,  and  quinaldine  syntheses. 

The  geometrical  simplicity  of  the  operation  by  which  the  elements 
of  water  can  be  introduced  into  an  acetylenic  assemblage  is  com- 
pletely paralleled  by  the  ease  with  which  acetylene,  CH:CH,  reacts 
with  water  under  the  influence  of  a  catalyst  to  yield  acetaldehyde, 
CHg'CHO.  In  order  to  represent  the  assemblage  corresponding 
with  the  latter  substance,  two  of  the  layers  of  a  methylene  assem- 
blage of  rhombohedral  form,  as  just  described,  are  requisite,   the 
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pairs  of  hydrogen  spheres  in  one  of  the  two  layers  being  exchanged 
for  single  oxygen  spheres.  The  appropriate  addition  of  hydrogen 
sjiheres  at  the  opposite  faces  completes  a  stratum  corresponding 
with  the  constitution  of  acetaldehyde;  the  latter  is  represented  by 
superposing  c  on  a  of  Fig.  56. 

In  connexion  with  the  distorted  configuration  (Fig.  51)  just 
described  as  an  intermediate  form  displayed  by  the  benzene  complex 
during  its  production  from  acetylene,  it  is  significant  that  units 
having  this  configuration  can  be  fitted  together  to  make  an  assem- 
blage which  is  compatible  with  the  axial  ratios  and  crystalline  form 
of  benzene  itself,  but  which  is  not  identical  with  the  benzene  assem- 
blage previously  described  (Trans.,  1906,  89,  1694,  Fig.  3).     The 
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somewhat  remarkable  fact  that  the  same  spheres  present  in  the 
same  proportions  are  capable  of  two  widely  different  arrangements 
presenting  almost  the  same  crystalline  form  and  axial  ratios  is 
traceable  to  the  spheres  occurring  in  continuous  strings  in  two  of 
the  three  axial  directions;  thus,  in  the  earlier  assemblage  just 
referred  to,  the  large  spheres  range  in  contact  in  the  direction  of 
the  axis  y,  and  large  and  small  spheres  alternately  range  in  contact 
along  the  direction  of  the  axis  z.  The  dimensions  y  and  z  closely 
correspond,  in  fact,  with  twice  the  diameter  of  a  carbon  sphere  and 
to  the  sum  of  the  diameters  of  a  carbon  and  a  hydrogen  sphere 
respectively ;  any  assemblage  in  which  carbon  and  hydrogen  spheres 
range  in  this  manner  along  directions  of  translations  will  con- 
sequently be  morphotropically  related  to  the  benzene  assemblage 
previously  described.  The  assemblage  of  the  distorted  units  of 
Fig.  51  is  shown  diagrammatically  in  Fig.  57,  in  which  each  of 
the  parallelograms  indicated  marks  the  projection  of  the  centre 
portion  of  a  column  of  benzene  complexes  of  which  the  axis  is 
perpendicular  to  the  plane  of  the  figure ;  the  sphere  centres  of  each 
single  molecular  unit  are  projected  on  the  outline  of  some  one  such 
parallelogram.  The  partitioning  of  this  diagrammatic  assemblage 
into  molecular  complexes  can  occur  in  several  different  ways,  which 
produce  identical  results;  the  parallelograms  are  drawn  appro- 
priately for  two  of  these  ways,  the  column  indicated  by  a  single 
parallelogram  being  divisible  into  molecular  units  in  two  ways 
(compare  Trans.,  1906,  89,  1696).  The  values  of  x  and  y  used  in 
the  construction  of  Fig.  57  are  those  calculated  for  crystalline 
benzene,  in  which 

X  :  y  :  2  =  3-101  :  3-480  :  -2-780. 

The  assemblage  shown  in  Fig.  57,  being  unadjusted,  is  equally 
applicable  to  acetylene  and  benzene ;  it  shows  neither  of  the  kinds 
of  coalition  of  spheres  to  form  a  complex  which  have  respectively 
been  described  as  productive  of  molecular  units  proper  to  these 
compounds.  This  accounts  for  the  marked  flattening  of  the  spheres 
which  is  found  to  be  necessary  in  order  that  they  may  be  packed 
into  the  space  accorded  by  the  benzene  valency  volume  of  IF  =  30. 
In  three  directions  in  the  assemblage,  namely,  one  perpendicular  to 
the  plane  of  the  diagram,  and  two,  those  of  the  diagonals  MN,  PQ, 
the  large  and  small  spheres  alternate.  In  the  diagram  they  are 
represented  as  precisely  in  line,  but  this  will  not  be  strictly  the 
case,  especially  along  the  directions  of  the  diagonals;  increased 
closeness  of  packing,  and  therefore  less  flattening,  will  result  from 
a  slight  zigzagging  of  the  positions  of  the  two  sets  of  centres  of  the 
same  string. 

The  conclusion  referred  to,  that  continuous  strings  of  spheres  are 
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present  in  which  the  two  sizes  alternate,  throws  light  on  the 
numerous  cases  in  which  the  value  of  the  z  axis  for  benzene  is  very 
approximately  presented  as  one  of  the  equivalence  parameters  of 
benzene  derivatives;  many  such  instances  have  been  recorded  by 
Jerusalem  (Trans.,  1909,  95,  1275)  and  by  Armstrong  (this  vol., 
p.  1578). 

Univeksity  Chemical  Labouatoky, 
Ca.mbuidge. 


CCXLIII. — A7iiline-hlack  and  Allied  Compounds.  Part  I. 

By  Arthur  George  Green  and  Arthur  Edmund  Woodhead. 

Although  the  recent  researches  of  Willstatter  and  his  pupils 
(Willstatter  and  Moore,  Ber.,  1907,  40,  2665;  J.  Soc.  Dyers,  1908, 
24,  4;  Willstatter  and  Dorogi,  Ber.,  1909,  42,  2147,  4118)  have 
added  much  of  value  to  our  knowledge  of  the  complex  oxidation 
products  of  aniline,  the  constitution  of  aniline-black  and  of  its 
intermediate  products  still  cannot  be  regarded  as  completely 
elucidated.  The  view  advanced  by  Willstatter,  that  these  com- 
pounds are  all  to  be  regarded  as  indamine-like  derivatives  of  the 
eight-nucleal  chain  compound  (leucoemeraldine)  : 

NH  NH  NH  NH 


NH  NH  NH' 

will  scarcely  gain  acceptance  without  further  evidence.  As 
Bucherer  has  pointed  out,  it  might  a  priori  be  expected  that  sub- 
stances of  such  a  type  would  exhibit  a  high  degree  of  instability, 
and  would  readily  decompose  into  simpler  compounds  under  the 
influence  of  acids,  etc. 

Amongst  other  arguments  in  support  of  the  chain  structure, 
Willstatter  has  shown  that  the  quantitative  conversion  into  2^benzo- 
quinone  is  only  compatible  with  the  existence  of  di-para-connexions, 
and  is  entirely  opposed  to  an  azine  structure,  such  as  that  suggested 
by  Bucherer  {Ber.,  1909,  42,  2931): 

ir.,N-C„H3<_^^C„H,<^{{^C«H3<^>C„H3:N.C„H, 


C0H5  CeH,  Cjr, 


In  respect  to  the  validity  of  this  argument,  it  is,  however,  necessary 
to  point  out  that  a  sharp  distinction  must  be  made  between  the 
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primary  oxidation  products  of  aniline  (emeraldine,  nigraniline,  etc.) 
and  the  condensation  products  of  these  with  aniline  ("  ungreenable 
aniline-black  "),  which  latter  alone  can  be  properly  regarded  as  true 
aniline-black.  Willstatter's  experiments  refer  only  to  the  former 
class  of  compounds,  and  it  yet  remains  to  be  shown  what  yield  of 
p-benzoquinone  is  obtainable  from  the  latter.  It  is  quite  con- 
ceivable, and  in  fact  probable,  that  whilst  the  former  possess  a 
di-para  chain  or  ring  structure,  the  "  ungreenable  aniline-black," 
that  is,  true  aniline-black,  is  an  azine  (Green,  The  Chemical  Tech- 
nology of  Aniline-black,  7th  Internat.  Congress  of  Applied 
Chemistry,  London,  1909;  /.  Sac.  Dyers,  1909,  25,  188).  Only  the 
"  ungreenable  aniline-black  "  can  be  correctly  regarded  as  a  highly 
stable  compound;  the  primary  oxidation  products  probably  owe 
much  of  their  appz-rent  stability  to  their  insolubility  in  water  and 
aqueous  solvents,  for  when  dissolved  in  pyridine,  etc.,  they  exhibit 
a  much  greater  tendency  to  undergo  change. 

The  view  held  by  Willst^tter  that  "  ungreenable  aniline-black  "' 
is  a  compound  of  the  same  type  as  the  primary  oxidation  products 
(that  is,  contains  an  eight-nucleal  chain,  and  only  differs  from  the 
primary  products  in  the  degree  of  oxidation  and  the  replacement 
of  the  terminal  NH  by  O),  is  opposed,  in  our  opinion,  to  the 
experimental  facts.  Were  this  view  correct,  the  behaviour  with 
sulphurous  acid  of  the  two  oxidation  stages  he  describes  should  be 
the  same,  that  is  to  say,  both  compounds  should  be  reduced  to  the 
green  monoquinonoid  stage,  and  by  the  application  of  a  stronger 
reducing  agent  all  should  be  reduced  to  the  mother  substance,  that 
is,  to  the  oxygen  analogues  of  leucoemeraldine : 


Furthermore,  this  reduction-product,  like  leucoemeraldine  itself, 
would  certainly  be  a  tolerably  stable  substance,  giving,  on  air 
oxidation,  only  the  lowest  quinonoid  stage,  and  requiring  the 
application  of  a  strong  oxidising  agent  to  reconvert  it  into  the 
original  tri-  or  tetra-quinonoid  compound.  These  properties  are  not 
exhibited  either  by  the  preparations  described  by  Willstatter  as 
"  hydrolysed  triquinonoid  and  tetraquinonoid  blacks,"  or  by  the 
"  ungreenable  aniline-black  "  produced  on  the  fibre.  The  latter  is 
not  reduced  at  all  by  sulphurous  acid,  and  by  stronger  reducing 
agents,  such  as  hyposulphites,  it  is  converted  into  a  leuco-compound 
which  is  rapidly  re-oxidised  by  air  to  the  original  "  black,"  and 
that  apparently  without  passing  through  any  lower  stage  of 
oxidation.     Moreover,  the  facts  known  respecting  the  conditions  of 
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formation  of  "  ungreenable  aniline-black "  clearly  show  that  it 
cannot  be  a  product  of  further  oxidation  alone,  but  is  a  con- 
densation product  with  aniline  of  a  different  type  to  the  simpler 
oxidation  products  from  which  it  is  formed  (Green,  loc.  cit.). 

In  order  to  throw  more  light  on  this  complicated  subject,  it  has 
appeared  to  us  necessary  to  obtain,  in  the  first  instance,  further 
evidence  for  the  molecular  weight  and  constitution  of  the  primary 
oxidation  products  (emeraldine  and  nigraniline),  and  we  have 
attempted  to  do  this  by  determining,  on  the  one  hand,  the  quantity 
of  hydrogen  required  to  reduce  these  products  to  leucoemeraldine, 
and,  on  the  other,  the  quantity  of  oxygen  necessary  to  oxidise  each 
stage  into  the  next.  The  data  obtained  in  this  manner,  combined 
with  the  fact  that  we  have  been  able  to  recognise  four  distinct 
stages  of  oxidation  of  leucoemeraldine,  support  Willstatter's  view 
of  an  eight-nucleal  molecule,  but  do  not  agree  with  the  constitution 
assigned  by  Willstatter  and  Dorogi  to  the  compounds  they  prepared. 

Assuming  the  correctness  of  the  eight-nucleal  structure  for  the 
primary  oxidation  products,  it  still  remains  an  undecided  question 
whether  the  aniline  residues  are  to  be  regarded  as  united  in  an 
open  or  in  a  closed  chain,  but  without  attempting  to  decide  this 
point  we  shall  make  use  of  the  open-chain  formulae  to  express 
provisionally  the  analytical  results.  The  constitution  of  "  ungreen- 
able aniline-black "  we  reserve  for  discussion  in  a  later  com- 
munication. 

Before  proceeding  to  a  consideration  of  the  results  obtained,  it  is 
desirable  to  attempt  to  clear  up  some  of  the  existing  confusion 
regarding  the  various  oxidation  products  of  aniline  and  their 
nomenclature.  Much  of  the  obscurity  in  this  subject  arises  from 
the  fact  that  no  criterion  of  purity  has  hitherto  existed,  and  that 
the  products  obtained  have  been  doubtless  largely  mixtures. 
Unsuitable  nomenclature  has  still  further  added  to  the  confusion. 
Thus  the  name  "  emeraldine,"  which  properly  belongs  to  the  first 
acid-oxidation  product  of  aniline — a  violet-blue  base  giving  green 
salts,  and  well  known  to  dyers  of  aniline-black — has  been  transferred 
by  Willstatter  and  Moore  to  an  entirely  different  compound,  namely, 
the  blue  imide  obtained  by  polymerisation  of  phenylquinonedi-imide, 
which  was  apparently  first  mistaken  for  emeraldine  by  Caro.  On 
the  other  hand,  for  the  true  emeraldine,  originally  so-called  by 
Crace-Calvert  and  Lowe,  the  name  "  triquinonoid  aniline-black  "  is 
now  proposed  by  Willstatter  and  Dorogi,  although  emeraldine  is 
neither  black  nor  (as  will  be  shown  later)  is  it  triquinonoid.  In 
justification  for  this  confusing  and  unnecessary  transfer  of  names, 
Willstatter  and  Dorogi  advance  the  incomprehensible  plea  that 
"  technisches  Emeraldine  langst  nicht  mehr  existirt." 
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The  various  oxidation  products  which  have  been  described  under 
the  name  of  aniline-black  by  the  earlier  authors  (Miiller,  Nietzki, 
Kayser,  Guyard,  etc.)  are  lacking  in  any  criterion  of  purity  or 
individuality  beyond  that  furnished  by  elementary  analysis,  -which 
in  this  case  is  quite  inconclusive  and  valueless.  The  discovery  that 
the  primary  oxidation  products  (emeraldine  and  nigraniline  bases) 
are  readily  soluble  in  somewhat  diluted  organic  acids,  such  as  80  per 
cent,  acetic  acid  and  60  per  cent,  formic  acid  (the  former  base 
giving  a  green  solution,  and  the  latter  a  blue),  whilst  the  higher 
condensation  products  are  insoluble  in  these  solvents,  has  provided 
us  with  a  valuable  means  for  diagnosis  and  separation,  by  means  of 
which  we  have  been  able  to  show  that  all  the  above-mentioned 
so-called  "  aniline-blacks "  consist  mainly  of  emeraldine  and 
nigraniline  mixed  with  varying  proportions  of  higher  condensation 
products.  These  '  blacks  "  prepared  in  substance  therefore  do  not 
properly  correspond  with  the  aniline-black  produced  on  the  fibre, 
since  in  the  latter  case  the  higher  condensation  products  are  either 
exclusively  present  (ungreenable  blacks)  or  largely  predominate 
(greenable  blacks). 

In  order  to  simplify  the  nomenclature,  we  propose  that  the  term 
"  aniline-black "  should  be  restricted  to  the  higher  condensation 
products  (ungreenable  black),  whilst  the  original  names  "  emerald- 
ine "  and  "  nigraniline "  should  be  retained  for  the  primary 
oxidation  products.  As,  however,  there  is  a  stage  of  oxidation  below 
emeraldine  and  one  above  nigraniline,  we  propose  for  these  the 
names  "  protoemeraldine "  and  "  pemigraniline."  All  four  sub- 
stances, protoemeraldine,  emeraldine,  nigraniline,  and  pemigraniline, 
are  quinonoid  derivatives  of  the  same  parent  substance,  to  which 
we  have  given  the  name  "  leucoemeraldine."  Into  this  compound 
they  are  all  converted  on  reduction,  and  from  it  they  can  all  be 
produced  by  oxidation.  At  present  the  protoemeraldine  stage  has 
only  been  obtained  in  the  o-toluidine  series,  whilst  pemigraniline 
is  too  unstable  to  isolate  in  a  dry  state. 

Emeraldine. 

This  compound  is  the  first  clearly  defined  stage  in  the  oxidation 
of  aniline  in  an  acid  medium,  whatever  the  oxidising  agent  employed. 
When  a  chlorate  is  used,  the  reaction  tends  in  part  to  at  once 
proceed  further  with  production  of  more  or  less  nigraniline,  but 
with  hydrogen  peroxide,  if  not  used  in  excess,  the  oxidation  stops 
at  the  emeraldine  stage.  If  the  reaction  is  effected  in  the  cold  and 
in  the  presence  of  an  excess  of  acid,  emeraldine  and  nigraniline 
are  nearly  the  sole  products,  but  if  the  mixture  is  neutral  or  only 
slightly  acid,  a  certain  quantity  of  condensation  products  (ungreen- 
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able  black)  is  also  produced.  An  excess  of  acid  is  therefore  a 
necessary  condition  for  preparing  emeraldine  in  a  pure  state.  As 
the  result  of  a  series  of  experiments,  proportions  corresponding  with 
1  mol.  of  aniline  hydrochloride  to  1"33  mols.  of  oxygen  and  1  mol. 
of  hydrochloric  acid  were  found  the  most  suitable. 

Emeraldine  is  also  produced  by  the  further  oxidation  of  the  blue 
imide,  CeHs-NH-CeH^-NH-CoH^-NICeH^INH,  of  Willstatter  and 
Moore  (termed  "  emeraldine  "  by  these  authors). 

I.  A  solution  of  100  grams  of  aniline  hydrochloride,  42  grams  of 
sodium  chlorate,  and  46'5  c.c.  of  hydrochloric  acid  (33  per  cent.  HCl) 
in  1800  c.c.  of  water,  to  which  2  drops  of  syrupy  vanadium  chloride 
are  added,  is  kept  in  the  cold  for  from  two  to  three  days.  The 
precipitate  is  then  collected,  washed  thoroughly  with  water,  basified 
by  mixing  the  paste  with  dilute  ammonia  in  a  mortar,  finally  washed 
with  alcohol  and  with  water,  and  dried  at  35 — 40°.  The  product 
thus  obtained  contains  a  varying  amount  of  nigraniline,  which  may 
be  readily  converted  into  emeraldine  by  warming  the  precipitate 
with  dilute  hydrochloric  acid  before  basifying.  Pure  emeraldine 
may  also  be  obtained  by  dissolving  the  crude  base  in  50  parts  of 
80  per  cent,  acetic  acid,  filtering  from  any  insoluble  matter,  re- 
precipitating  by  addition  of  dilute  hydrochloric  a<;id,  collecting  the 
hydrochloride,  and  finally  basifying  the  precipitate  with  ammonia. 
During  this  process  the  nigraniline  present  is  converted  into 
emeraldine. 

II.  A  solution  of  50  grams  of  aniline  hydrochloride  in  2^  litres 
of  water,  to  which  is  added  135  c.c.  of  hydrochloric  acid  (33  per 
cent.  HCl),  380  c.c.  of  hydrogen  peroxide  solution  (4*6  per  cent.), 
and  0'5  gram  of  ferrous  sulphate,  is  kept  in  the  cold  for  twenty-four 
hours.  The  precipitated  emeraldine  is  collected,  washed,  and 
basified  with  ammonia. 

III.  Ten  grams  of  j^-aminodiphenylamine  are  dissolved  together 
with  27  c.c.  of  hydrochloric  acid  (33  per  cent.  HCl)  in  1  litre  of 
water.  After  cooling  to  0 — 5°  by  addition  of  ice,  78  c.c.  of  hydrogen 
peroxide  (4"  7  per  cent.),  followed  by  O'l  gram  ferrous  sulphate,  are 
added.  The  hydrogen  peroxide  used  was  rather  more  than  twice 
the  quantity  required  to  convert  the  aminodiphenylamine  into 
Willstatter  and  Moore's  blue  imide.  On  adding  the  iron  salt,  a 
voluminous  indigo-blue  precipitate  of  the  imide  was  first  produced, 
which,  after  about  twelve  to  twenty-four  hours,  slowly  lost  its  blue 
colour  and  became  green,  while  the  excess  of  peroxide  disappeared 
and  an  odour  of  2'-benzoquinone  was  apparent.  The  mixture  was 
warmed  on  the  water-bath,  and  the  precipitate  collected,  washed, 
and  basified  with  ammonia. 

When  prepared  by  either  of  these  methods,  the  emeraldine  base 
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forms  an  indigo-blue  powder,  which,  when  purified  by  the  acetic 
acid  method,  has  a  bronzy  lustre.  When  dried  at  a  low  temperature 
it  retains  a  remarkably  large  amount  of  water  (about  30  per  cent.). 
It  is  insoluble  in  alcohol,  benzene,  chloroform,  et<;.,  but  dissolves 
readily  in  cold  pyridine,  giving  a  bright  blue  solution.  This  solution 
is,  however,  very  unstable,  for  in  a  short  time  the  greater  part  of 
the  product  separates  out  again  as  a  colloidal  precipitate.  This 
precipitate  consists  of  a  condensation  product  of  quite  different 
properties  to  the  original  emeraldine.  In  concentrated  sulphuric 
acid,  emeraldine  dissolves  with  a  reddish-violet  colour,  and  on 
addition  of  water  a  bright  green  precipitate  of  the  sulphate  is 
obtained.  Towards  acetic  and  formic  acids  the  behaviour  of 
emeraldine  and  nigraniline  is  very  remarkable.  These  bases  are 
insoluble  in  glacial  acetic  acid  or  in  concentrated  formic  acid,  and 
are  also  insoluble  in  these  acids  when  fairly  dilute,  but  in  acids  of 
medium  concentration,  that  is,  in  acetic  acid  of  about  80  per  cent,  or 
in  formic  acid  of  about  60  per  cent.,  they  dissolve  readily.  The 
solutions  obtained  with  emeraldine  are  yellowish-green,  and  give 
a  green  precipitate  on  the  addition  of  mineral  acids  or  salts.  By 
means  of  such  a  solution,  the  various  stages  of  oxidation  can  be 
very  effectively  demonstrated,  for  on  addition  of  a  very  dilute 
a  olution  of  chromic  acid  the  green  colour  of  the  solution  first 
changes  to  pure  blue  (nigraniline),  and  then,  as  more  oxidising 
agent  is  added,  to  violet  (pernigraniline),  finally  giving  a  violet 
precipitate  (pernigraniline  chromate).  If  to  the  violet  solution  of 
the  pernigraniline  a  very  weak  solution  of  sodium  hydrogen  sulphite 
is  added,  these  colour  changes  occur  in  the  opposite  direction, 
namely,  from  violet  to  blue,  and  from  blue  to  green.  Stronger 
reducing  agents,  such  as  phenylhydrazine,  sodium  hyposulphite,  or 
titanium  trichloride,  convert  emeraldine  into  leucoemeraldine. 

In  order  to  determine  the  quantity  of  hydrogen  required  for 
conversion  of  emeraldine  into  leucoemeraldine,  the  acetic  acid 
solution  was  titrated  with  titanium  trichloride  according  to  Knecht's 
method,  the  analysis  being  carried  out  as  follows.  One  gram  of 
emeraldine  in  fine  powder  is  weighed  into  a  250  c.c.  flask  containing 
50  c.c.  of  water,  and  well  shaken  to  prevent  any  of  the  powder 
agglomerating  into  lumps.  Glacial  acetic  acid  is  then  added  until 
the  flask  is  about  three-quarters  full,  the  contents  well  shaken,  and 
heated  on  the  water-bath  for  fifteen  minutes  to  about  90°  to 
ensure  conversion  of  all  nigraniline  present  into  emeraldine.  The 
solution  is  then  cooled,  and  made  up  to  the  mark  with  glacial  acetic 
acid.  For  each  titration,  25  c.c.  of  this  solution  (  =  01  gram  of 
substance)  are  transferred,  by  means  of  a  pipette,  to  a  conical  flask, 
and  mixed  with  25  c.c.  of  water  and  a  measured  excess  of  titanium 
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trichloride,  the  strength  of  which  is  re-determined  each  day.  The 
mixture  is  kept  in  the  cold  for  ten  to  fifteen  minutes,  air  being 
excluded  by  a  slow  stream  of  carbon  dioxide.  At  the  end  of  this 
time  the  solution  is  quickly  filtered  from  the  precipitated  leuco- 
emeraldine,  employing  a  funnel  and  filter  paper  enclosed  in  a  vessel 
filled  with  carbon  dioxide.  An  aliquot  portion  of  the  whole  (50  c.c.) 
is  then  transferred  to  another  flask  also  containing  carbon  dioxide, 
and  at  once  titrated  with  a  standard  ferric  alum  solution,  employing 
ammonium  thiocyanate  as  indicator.  In  calculating  the  results,  the 
percentage  of  water,  chlorine,  and  ash  is  allowed  for,  and  a  further 
small  correction,  determined  by  parallel  blank  experiments  made 
under  exactly  the  same  conditions,  is  introduced  for  the  loss  of 
titanium  trichloride  oxidised  by  air  during  the  operation.  The  first 
preparation  analysed  (obtained  by  method  I)  contained  31'9  per 
cent,  of  water,  1*1  per  cent,  of  chlorine,  and  O'l  per  cent,  of  ash. 
The  following  results  were  obtained : 


Vol.  of 

Hydrogen 

Percentage 

Vol.  of 

Vol.  of 

TiCl3 

value  of 

of  hydrogen 

TiClj 

TiClj 

oxidised 

1  litre 

on  pure 

No.  of 

run  in, 

unoxidised, 

by  air, 

TiCIa, 

dry 

experiment. 

c.c. 

c.c. 

c.c. 

gram. 

emeraldine. 

1 

25 

13-70 

1-77 

0-0374 

0-633 

2 

25 

1415 

0-92 

0-0366 

0-543 

3 

25 

14-15 

0-92 

0-0366 

0-543 

4 

25 

13-23 

1-30 

0  0358 

0-560 

6 

25 

13-65 

1-34 

0-0358 

0-536 

6 

25 

13-55 

1-33 

0-0358 

0-542 

7 

25 

13-47 

1-29     - 

0  0358 

0-545 

8 

25 

13-47 

1-29 

0  0358 
Mean 

0-545 
0-543 

A  second  series  of  estimations  was  made  with  a  larger  excess  of 
titanium  trichloride  and  another  preparation  of  emeraldine  con- 
taining 30*65  per  cent,  of  water,  TO  per  cent,  of  chlorine,  and  0"1 
per  cent,  of  ash.  Using  01  gram  for  each  titration,  the  following 
results  were  obtained : 


Vol.  of 

Hydrogen 

Percentage 

Vol.  of 

Vol.  of 

TiCl3 

value  of 

of  hydrogen 

TiClj 

TiClj  un- 

oxidised 

1  litre 

on  pure 

No.  of 

run  in, 

oxidised, 

I)}'  air, 

TiCl,. 

dry 

experiment. 

c.c. 

c.c. 

c.c. 

gram. 

emeraldine. 

1 

50 

40-69 

0-87 

00442 

0547 

2 

50 

40-59 

0-87 

0  0442 

0-553 

3 

50 

40-80 

0-88 

00442 

0-540 

4 

50 

40-69 

0-87 

00442 
Mean 

0-647 

0547 

Figures  of  the  same  order  were  also  obtained  by  direct  titration 
of  the  acetic  acid  solution  with  titanium  trichloride,  although,  owing 
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to  the  uncertain  end-point,  the  results  were  not  as  trustworthy  as 
those  obtained  by  the  indirect  method. 

The  mean  value  of  the  two  series  of  determinations  was  0o45 
gram  of  hydrogen  for  100  grams  of  pure  dry  emeraldine. 

A  diquinonoid  compound  of  the  formula : 

NH  NH  X  N 

I       i       I       I       I       I       I       I       I.XH 
NH  NH  N 

would  require  0555  per  cent,  of  hydrogen  for  complete  reduction  to 
the  leuco-compound. 

In  order  to  estimate  the  quantity  of  oxygen  consumed  in  the 
conversion  of  emeraldine  into  nigraniline,  two  methods  have  been 
adopted.  The  first  consists  in  titrating  an  acetic  acid  solution  of 
emeraldine  with  a  standard  solution  of  chromic  acid  until  the  pure 
blue  colour  of  the  nigraniline  is  reached.  The  second  consists  in 
separately  titrating  emeraldine  and  nigraniline  until  the  violet 
pernigraniline  chromate  is  completely  precipitated.  Deduction  of 
the  quantity  of  chromic  acid  required  to  reach  this  point  for 
nigraniline  from  the  quantity  required  to  reach  the  same  point  for 
emeraldine  gives  the  quantity  consumed  in  oxidising  emeraldine  into 
nigraniline.  Owing  to  the  more  definite  end-point,  the  latter 
method  is  the  more  trustworthy. 

I.  Twenty-five  c.c.  of  emeraldine  solution,  containing  01  gram  of 
substance  dissolved  in  80  per  cent,  acetic  acid,  were  diluted  with  25 
c.c.  of  water,  and  titrated  with  a  solution  of  chromic  acid  containing 
352  grams  of  chromium  trioxide  per  litre  (equal  to  0"845  gram  of 
oxygen  per  litre).  The  emeraldine  employed  contained  31*9  per 
cent,  of  water,  1"1  per  cent,  of  chlorine,  and  O'l  per  cent,  of  ash  and 
1"5  c.c.  of  chromic  acid  (several  experiments)  were  required  to  give 
a  pure  blue  colour.  Correcting  for  contents  of  water,  chlorine,  and 
ash,  this  is  equivalent  to  a  consumption  of  19  grams  of  oxygen 
per  100  grams  of  pure  dry  emeraldine  for  oxidation  to  nigraniline. 

II.  (a)  Twenty-five  c.c.  of  emeraldine  solution,  containing  O'l  gram 
of  substance  dissolved  in  80  per  cent,  acetic  acid,  were  diluted  with 
25  c.c.  of  water,  and  titrated  with  a  solution  of  chromic  acid  con- 
taining 0704  gram  of  chromium  trioxide  per  litre  (equal  to  01 69 
gram  of  oxygen  per  litre)  until  the  precipitation  of  the  violet 
pernigraniline  chromate  was  complete,  and  no  further  change  of 
colour  took  place.  The  emeraldine  employed  contained  30"  65  per 
cent,  of  water,  1  per  cent,  of  chlorine,  and  01  per  cent,  of  ash. 
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Perceutage  of 

Weight  of  Vol.  of  C1O3  oxygen  on 

No.   of                   emeraldiue,  required,  pure  dry 

experiment.                     gram,  c,c.  emenildine. 

1  01  24-5  6-07 

2  0-1  250  619 

3  0-1  250  6-19 

4  0-1  24-5  6-07 

Mean 6-13 

(b)  A  weighed  quantity  of  nigraniline  (preparation  see  later)  was 
added  in  a  state  of  fine  powder  to  5  c.c.  of  water.  The  whole  was 
cooled  in  ice,  20  c.c.  of  glacial  acetic  acid  added,  the  mixture  shaken 
until  dissolved,  and  then  at  once  titrated  with  chromic  acid  as 
above.  The  nigraniline  employed  contained  11  "28  per  cent,  of 
water,  1"12  per  cent,  of  chlorine,  and  1"3  per  cent,  of  ash: 


Percentage  of 

Weight  of 

Vol.  of  CrOs 

oxygen  on 

No.  of 

nigraniline, 

required, 

pure  dry 

ex])eriment. 

gram. 

CO. 

nigraniline. 

1 

0-0950 

19-5 

4-02 

2 

0-0983 

20-0 

3-98 

3 

0-1-257 

25-0 

3-89 

4 

0-1017 

21-0 

4-04 

Mean 

3-98 

Deducting  3" 98  from  6' 13  gives  2 "15  as  the  percentage  of  oxygen 
required  to  oxidise  pure  dry  emeraldine  into  nigraniline.  If 
emeraldin©  has  the  above  formula,  it  would  require,  theoretically, 
2"20  per  cent,  of  oxygen  for  the  removal  of  two  hydrogen  atoms, 
that  is,  to  introduce  one  quinonoid  group. 

Nigraniline. 

The  best  method  for  the  preparation  of  nigraniline  in  substance 
was  found  to  be  the  oxidation  of  emeraldine  base  (or  the  mixture 
of  emeraldine  and  nigraniline  obtained  by  the  chlorate  oxidation), 
using  an  excess  of  hydrogen  peroxide  in  an  ammoniacal  solution. 
For  instance,  the  precipitate  obtained  by  oxidising  40  grams  of 
aniline  hydrochloride  and  18'6  c.c.  of  hydrochloric  acid  with  16*8 
grams  of  sodium  chlorate  in  presence  of  vanadium,  as  already 
described,  is  basified  with  ammonia,  and  the  washed  product, 
without  being  dried,  is  evenly  suspended  in  6  litres  of  water,  to 
which  400  c.c.  of  hydrogen  peroxide  (3  per  cent.)  and  40  c.c.  of 
concentrated  ammonia  are  added.  After  keeping  overnight,  the 
precipitate  is  collected,  washed  well,  and  dried  at  35°.  The  product 
contained  11-28  per  cent,  of  water,  112  per  cent,  of  chlorine,  and 
130  per  cent,  of  ash. 
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Nigraniline  base  forms  a  bluish-black  powder  with  a  bronzy  lustre. 
Like  emeraldine,  it  is  insoluble  in  most  solvents,  but  dissolves  in 
cold  pyridine  with  a  bright  blue  colour.  The  salts  are  blue,  not 
dark  green  as  stated  in  the  literature.  This  error  arises  from  the 
fact  that  nigraniline  salts  are  very  unstable,  and  both  in  substance 
and  on  the  fibre  are  readily  converted  into  salts  of  emeraldine.  The 
change  takes  place  slowly  in  the  cold,  but  more  rapidly  on  heating, 
and  is  accompanied  by  the  production  of  y-benzoquinone.  One 
part  of  the  nigraniline  is  oxidised  to  p-benzoquinone,  whilst  another 
part  is  reduced  to  emeraldine,  a  fact  which  affords  an  explanation 
of  the  well-known  ''  greening  "  of  certain  blacks  on  the  fibre  when 
exposed  to  an  acid  atmosphere.  Similarly,  when  nigraniline  is 
dissolved  in  concentrated  sulphuric  acid,  it  gives  a  violet  solution 
of  rather  bluer  shade  than  that  of  emeraldine,  but  on  pouring  into 
water,  decomposition  occurs,  and  a  bright  green  precipitate  of 
emeraldine  sulphate  is  produced.  Nigraniline  dissolves  readily  and 
completely  in  cold  80  per  cent,  acetic  acid  or  in  60  per  cent,  formic 
acid,  giving  pure  deep  blue  solutions.  These  solutions,  on  warming, 
quickly  change  in  colour  to  the  green  of  the  emeraldine  salt.  In 
contrast  to  the  instability  of  the  salts,  nigraniline  base  is  quite 
stable. 

In  performing  the  quantitative  reduction  of  nigraniline,  it  is 
essential  for  the  above  reasons  to  avoid  all  heating  in  making  the 
solution,  and  to  effect  the  reduction  as  rapidly  as  possible.  The 
operation  is  therefore  carried  out  as  follows.  A  weighed  quantity  of 
nigraniline  (about  O'l  gram),  which  must  be  very  finely  powdered 
to  ensure  quick  and  complete  solution,  is  suspended  in  5  c.c.  of 
water  contained  in  a  small  flask.  The  flask  is  then  cooled  in  ice 
for  ten  minutes,  20  c.c.  of  glacial  acetic  acid  added,  and  the  mixture 
shaken  for  half  a  minute,  by  which  time  the  substance  should  have 
dissolved  completely.  Before  the  addition  of  the  acetic  acid,  the 
air  in  the  flask  is  expelled  by  carbon  dioxide.  The  titanium  tri- 
chloride solution  is  then  added,  and  the  titration  effected  in  the 
same  manner  as  with  emeraldine: 


No.  of 
experiment. 
1 
2 
3 
4 
5 
6 


Weight  of 
nigraniline 
taken, 
gram. 
01009 
0  0673 
0-1089 
01320 
01198 
01108 


Vol.  of 

TiCls  run  in 

(1  litre  = 

0-0307  gram 

of  hydrogen), 

c.c. 

40 

40 

40 

50 

50 

60 


Vol.  of 

TiClj  left 

unoxidised, 

c.c. 

17-3 

23-85 

15-62 

20-47 

23-38 

24-35 


Vol.  of 

TiCl, 

oxidised 

by  air, 

c.c. 

0-87 

1-20 

0-78 

0-63 

0-72 

0-75 


Percentage  of 
hydrogen  on 

pure  dry 
nigraniline. 

0-771 

0-791 

0-772 

0-781 

0-770 

0-801 


Mean. 


0-781 


2398 


GREEN   AND   WOODHEAD :   ANILINE-BLACK   AND 


Another  series  of  titrations  made  with  a  stronger  titanium 
solution  (1  litre  =  0*0442  gram  of  hydrogen)  gave  the  following 
results : 


Vol.  of 

TiCl,  run  in 

Vol.  of 

Weight  of 

(1  litre  = 

Vol.  of 

TiCls 

Percentage  of 

nigrauiline 

0  0307  gram 

TiCls  left 

oxidised 

hydrogen  on 

No.  of 

taken, 

of  hydrogen), 

unoxidised, 

by  air, 

pure  dry 

experiment. 

gram. 

CO. 

CO. 

c.c. 

nigraniline. 

7 

01386 

50 

27-98 

0-51 

0-797 

8 

0-0900 

50 

35-06 

0-63 

0-816 

9 

0-1090 

50 

32-10 

0-58 

0-816 

10 

0-1035 

50 

32-95 

0-60 
Mean 

0-816 

0-811 

A  triquinonoid  compound  of  the  formula; 

NH  N  N 

/\/\/\    /\/\/\   /\/\/\ 


N 


N 


I 


:NH, 


NH  N  N 

would  require  0"835  per  cent,  of  hydrogen  for  complete  reduction 
to  leucoemeraldine.  This  formula  is  also  supported  by  the  oxidation 
numbers  given  under  emeraldine. 

Although  the  above  formula  is  the  same  as  that  given  by 
Willstatter  and  Dorogi  to  the  preparation  which  they  term  "  tri- 
quinonoid aniline-black,"  yet  the  compound  described  and  analysed 
by  them  can  scarcely  be  identical  with  nigraniline,  for  the  properties 
do  not  correspond.  If  these  authors  originally  had  nigraniline  in 
hand,  it  must  have  suffered  conversion  into  emeraldine,  and  probably 
into  further  decomposition  products  by  the  process  of  purification 
employed. 

Pernigraniline. 
N  N  N  N 

/\/\/\        /\/\/\        /\/\/\        /\/\/\ 

\/    \/\/\/        \/\/\/        \/\/\/        \/-^" 

N  N  N 

When  a  solution  of  emeraldine  or  nigraniline  in  acetic  or  formic 
acid  is  treated  with  an  excess  of  a  powerful  oxidising  agent,  such 
as  chromic  acid  or  ammonium  persulphate,  the  oxidation  proceeds 
beyond  the  nigraniline  stage,  giving  rise  to  a  violet  precipitate, 
which,  on  basifying  with  ammonia,  yields  a  purple-brown  compound, 
"  pernigraniline."  This  substance  is  exceedingly  unstable,  decom- 
posing slowly  on  drying,  or  even  if  kept  in  the  paste  form,  with 
reproduction  of  nigraniline  and  formation  of  other  products.  This 
decomposition  occurs  still  more  rapidly  in  the  presence  of  acids, 
following  a  similar  course  to  nigraniline,  which,  together  with 
p-benzoquinone,  is  first  formed.  The  change  is  brought  about  by 
a  few  drops  of  dilute  hydrochloric  acid,  and  also  more  slowly  by 
acetic   acid.     Reducing    agents,    if   applied  at  once,    convert  per- 
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nigraniline  first  into  nigraniline,  then  into  emeraldine,  and  finally 
into  leucoemeraldine.  The  base  is  soluble  in  pyridine,  with  a  purple 
colour,  and  apparently  undergoes  decomposition  in  this  solvent  in 
the  same  manner  as  do  emeraldine  and  nigraniline.  In  con- 
centrated sulphuric  acid,  it  dissolves  with  a  bluish-violet  colour. 
On  pouring  this  solution  into  wat-er,  a  green  precipitate  of  emeraldine 
sulphate  is  produced. 

On  account  of  its  instability,  pernigraniline  cannot  be  obtained 
pure  in  the  dry  state ;  an  almost  complete  reversion  to  nigraniline 
occurs  during  drying.  An  attempt  was  therefore  made  to  submit 
it,  without  drying,  to  analysis  by  reduction,  employing  a  paste  which 
contained  8'45  per  cent,  of  dry  product.  This  was  prepared  as 
follows.  Five  grams  of  the  mixture  of  emeraldine  and  nigraniline 
base  obtained  by  the  chlorate  method  were  dissolved  in  500  c.c.  of 
80  per  cent,  acetic  acid.  To  the  ice-cold  solution  was  added  5  grams 
of  ammonium  persulphate  dissolved  in  a  little  water,  when  a  violet 
precipitate  at  once  separated.  The  whole  was  then  immediately 
stirred  into  an  excess  of  dilute  ammonia  mixed  with  crushed  ice, 
the  temperature  being  kept  as  low  as  possible.  After  adding  a 
little  salt,  the  precipitate  was  collected,  washed  with  several  litres 
of  water,  and  brought  to  a  uniform  consistency,  in  which  the  per- 
centage of  water  was  estimated.  The  following  results  were  obtained 
on  analysis: 

Weight  of         Vol.  of  TiCls  Vol.  of 

Percentage 
o  f  hydrogen 
on  dry  per- 
nigraniline. 
0-949 
0-914 
0-896 
0-830 

A  tetraquinonoid  compound  of  the  above  constitution  would 
require  for  reduction  to  leucoemeraldine  1*11  per  cent,  of  hydrogen. 
It  will  therefore  be  seen  that,  whilst  the  first  titration  gives  a  value 
approaching  that  required  by  this  formula,  there  is  a  steady 
diminution  in  the  consumption  of  hydrogen  in  the  later  analyses. 
The  last  titration,  which  was  made  after  the  paste  had  been  kept 
a  day,  gives  a  hydrogen  value  almost  corresponding  with  that  of 
nigraniline  (theory,  0835  per  cent.). 

The  above  formula  for  pernigraniline  is  also  supported  by  the 
figures  given  on  p.  2396  for  the  consumption  of  chromic  acid  required 
to  oxidise  emeraldine  and  nigraniline  to  pernigraniline  chromate. 
Thus,  calculating  the  whole  chromic  acid  as  oxygen,  the  results  are : 

Oxygon  consumed,  C4,H34N8  +  JCrOj  requires, 
per  cent.  per  cent. 

From  emeraldine 6"13  596 

,,     nigraniline     3  •98  8 '79 


Weight  of 

Vol.  of  TiCls 

Vol.  of 

pernigraniline 

run  in  (1 

litre 

Vol.  of 

TiCIa 

paste  (8-45 

=  0-0507 

gram 

TiCl,  left 

oxidised 

No.  of 

per  cent.) 

of  hydro 

gen), 

unoxidised, 

by  air, 

experiment. 

grams. 

c.c. 

c.c. 

c.c. 

1 

0-9565 

50 

34-7 

0-28 

2 

1-1782 

60 

31-8 

0-25 

3 

0-8900 

50 

36-4 

0-29 

4 

1-8010 

50 

24-9 

0-20 
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It  will  be  seen  that  the  above  formula  for  pernigraniline  is  the 
same  as  that  assigned  by  Willstatter  and  Dorogi  to  the  preparations 
which  they  call  "  tetraquinonoid  aniline-black."  The  great 
instability  of  pernigraniline  is,  however,  entirely  inconsistent  with 
the  assumption  that  these  products  are  identical,  since  the  treatment 
to  which  Willstatter  and  Dorogi's  preparations  were  subjected  would 
have  completely  ■  decomposed  pernigraniline,  and  even  the  drying 
alone,  without  treatment  with  acid,  would  have  converted  it  into 
nigraniline. 

Leucoemeraldine. 

NH  NH  NH  NH 

]NH, 


This  product  is  readily  prepared  by  reducing  either  emeraldine 
or  nigraniline  with  a  strong  reducing  agent.  For  instance,  the 
mixture  of  emeraldine  and  nigraniline  bases  obtained  by  the  chlorate 
oxidation  was  moistened  with  alcohol  in  a  mortar,  and  then  ground 
to  a  paste  with  a  concentrated  solution  of  sodium  hyposulphite  and 
a  little  ammonia.  The  precipitate  was  collected,  washed,  and  dried 
in  a  vacuum. 

A  better  method  consists  in  moistening  the  dry  base  with  pure 
dry  ether,  and  grinding  the  paste  with  an  equal  weight  of  phenyl- 
hydrazine.  It  is  then  thrown  on  a  filter,  and  washed  with  dry 
ether  until  the  excess  of  phenylhydrazine  is  removed,  after  which 
the  product  is  dried  quickly  on  a  porous  plate. 

Leucoemeraldine  forms  a  pale  brown,  amorphous  powder,  probably 
colourless  when  pure,  which  does  not  melt  below  350°.  It  is'  fairly 
stable  when  dry,  but  when  exposed  to  air  in  a  damp  state  it  becomes 
blue.  It  is  insoluble  in  most  solvents,  but  dissolves  to  a  slight 
extent  in  pyridine.  In  80  per  cent,  acetic  acid  or  in  60  per  cent, 
formic  acid,  it  is  sparingly  soluble. 

The  constitution  assigned  to  leucoemeraldine  above  is  supported 
by  the  fact  that  four  atoms  of  hydrogen  are  required  for  its 
formation  from  emeraldine,  and  six  atoms  for  its  formation  from 
nigraniline. 

WUlstdtter  and  Dorogi's  Blacks. 

In  order  to  ascertain  how  far  the  products  examined  by  tliese 
authors,  and  termed  ''  triquinonoid  aniline-black "  and  "  tetra- 
quinonoid aniline-black,"  compare  in  properties  with  the  foregoing 
compounds,  we  have  prepared  them  by  following  exactly  the  pre- 
scriptions given.  The  properties  of  the  products  wc  obtained  are 
given  in  the  following  table: 
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Product. 


Persulphate  Black. 
(W.  &  D.) 


Bichromate  Black. 
(W.  &D.) 

Chlorate  Black  : 
triquinonoid,      6 
hours.  (W.  &  D.) 

Chlorate  Black  : 
triquiuonoid,    23 
hours.   (W.&D.) 

Chlorate   Black  : 
tetraquiaouoid,  6 
hours.  (W.&D.) 

Chlorate  Black: 
tetraquinonoid, 
22   hours. 
(W.&  D.) 


80  per  cent,  acetic 
acid. 


Considerable  por- 
tion soluble  with 
bright  bluish- 
green  colour. 

As  above. 


Small  part  soluble 
withdull  greenish 
colour. 

Trace  soluble  with 
dull  greenish 
colour. 

Small  part  soluble 
with  dull  greenish 
colour. 

Sparingly   soluble 
with     greenish 
colour. 


60  Per  cent,  formic 
acid. 


Pyridine. 


Partly  soluble  with 
bright  green 
colour. 


As  above. 


Nearly  insoluble. 


Considerable  por- 
tion soluble  with 
deep  blue  colour. 


Insoluble. 


Insoluble. 


Very        sparingly 
soluble. 


As  above. 


Trace  only  soluble 
with  pale  blue 
colour. 

Very  sparingly 
soluble  with  pale 
blue  colour. 

As  above. 


As  above. 


It  will  thus  be  seen  that  these  products  differ  entirely  from  the 
emeraldine,  nigraniline,  and  pernigraniline  described  above.  They 
appear  to  be  mixtures  containing  emeraldine,  together  with  further 
condensation  products.  Three  of  them  were  submitted  to  successive 
extractions  with  cold  80  per  cent,  acetic  acid  until  nothing  further 
dissolved.     The  following  were  the  results  obtained: 

Chlorate  Black : 
Persulphate  Black     Bichromate  Black      triquinonoid 
(W.  &  D.),  (\V.  &  D.),  (W.  k  D.), 

per  cent.  per  cent.  per  cent. 

Soluble  poition    51-5  600  '  800 

Insoluble  portion    ...  48-5  40  0  20  0 


Oxidation  of  o-Toluidine. 

It  has  long  been  known  to  technologists  that  o-toluidine,  when 
oxidised  on  the  fibre,  gives  rise  to  a  black  which  is  not  so  brilliant 
as  aniline-black,  but  which  has  less  tendency  to  "  green."  No 
attempt  has  apparently  been  made  to  prepare  this  dye  or  its  inter- 
mediate compounds  in  substance. 

We  have  found  that  under  the  same  conditions  as  employed  for 
aniline  the  oxidation  proceeds  in  an  analogous  manner,  giving 
corresponding  products.  It  appears,  however,  that  the  primary 
oxidation  products  are  rather  less  stable  than  in  the  aniline  series, 
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being  more  prone  to  undergo  polymerisation,  and  that  the  higher 
quinonoid  products  are  less  easily  formed,  and  more  readily  revert 
to  the  lower.  The  best  results  were  obtained  by  conducting  the 
oxidation  without  any  excess  of  mineral  acid.  Thus,  33  grams  of 
o-toluidine  and  34  grams  of  hydrochloric  acid  (33  per  cent.)  were 
dissolved  in  700  c.c.  of  water,  with  the  addition  of  16"8  grams  of 
sodium  chlorate  and  2  drops  of  syrupy  vanadium  chloride.  After 
being  kept  for  three  days  at  the  ordinary  temperature,  the  greenish- 
blue  precipitate  was  collected,  washed  with  water,  basified  with 
ammonia,  and  then  repeatedly  extracted  with  90  per  cent,  alcohol 
in  order  to  remove  a  soluble  by-product  ( ?  homologue  of  Willstatter's 
blue  imide).  It  was  then  dried  at  30 — 35°.  The  product  is  a 
violet-blue  powder  of  indigo-like  appearance.  It  is  insoluble  in 
most  solvents,  but  dissolves  readily  in  pyridine  with  a  blue  colour, 
and  in  80  per  cent,  acetic  acid  or  60  per  cent,  formic  acid  with  a 
dull  yellowish-green  colour.  It  contains  4'6  per  cent,  of  water 
and  2'0  per  cent,  of  chlorine. 

The  analysis  by  reduction  was  effected  in  the  same  manner  as 
employed  for  emeraldine. 


No.  of 
experiment. 
1 
2 
3 
4 
5 
6 


Vol.  ofTiCIs 
run  in, 
c.c. 
50 
50 
50 
50 
50 
50 


Vol.  of  TiClj 

unoxidised, 

c.c. 

45-43 

45-15 

44-71 

44-89 

45-88 

45-25 


Vol.  of  TiCIg 
oxidised  by 
air, 
c.c. 
0-36 
0-36 
0-36 
0-36 
0-37 
0-36 


Hydrogen 
value  of  1 
litre  TiCls, 
gram. 
0-0506 
0-0506 
0-0506 
0-0506 
0-0506 
0-0506 


Mean. 


Percentage 
on  pnre  dry 
substance. 

0-228 

0-243 

0-267 

0-257 

0-203 

0-238 

0-239 


A  monoquinonoid  compound  of  the  constitution : 


Me   NH 


Me    NH 


Me    N 


Me    NH 


Me    NH 


;NH. 


Me  NH 


Me 


would  require  0'24  per  cent,  of  hydrogen  for  reduction  to  the 
leuco-compound.  It  therefore  appears  that  the  product  of  the 
oxidation  of  o-toluidine  is  the  protoemeraldine  of  this  series. 

Another  preparation  in  which  an  excess  of  acid  was  used  in  the 
oxidation  gave  as  the  average  consumption  of  hydrogen  for  reduction 
0-360  per  cent.  TAis  preparation  was  therefore  apparently  a 
mixture  of  the  tolu-protoemeraldine  with  tolu-emeraldine. 

Attempts  to  oxidiae  tolu-protoemeraldine  into  a  higher  oxidation 
stage  by  means  of  hydrogen  peroxide  and  ammonia,  employing  the 
same  conditions  as  those  used  for  nigraniline,  gave  a  negative  result. 
The  product  still  dissolved  in  acetic  acid  with  a  green  colour,  and 
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afforded  the  same  reduction  figures  as  before.  On  the  other  hand, 
on  addition  of  chromic  acid  or  persulphate  to  the  acetic  acid  solution, 
the  colour  first  becomes  blue  and  then  violet,  as  in  the  aniline  series. 
It  therefore  appears  that  the  formation  of  the  tolu-nigraniline  does 
not  take  place  with  the  same  facility  as  with  the  lower  homologue, 
a  conclusion  which  is  supported  by  the  fact  that  no  tolu-nigraniline 
was  ever  produced  in  our  experiments  with  the  chlorate  and 
vanadium  oxidation. 

Oxidation  of  Other  Amines. 

The  oxidation  of  various  primary  amines  was  studied  under  the 
same  conditions  as  employed  in  the  preparation  of  emeraldine. 
o-Chloroaniline  gave  emeraldine-like  products;  7?^chloroaniIine  gave 
none.  o-Anisidine  underwent  oxidation  in  a  different  direction, 
apparently  through  elimination  of  the  methyl  groups.  Dimethyl- 
aniline  remained  unattacked. 

Conclusions. 

1.  There  are  four  quinonoid  stages  derived  from  the  parent  com- 
pound leucoemeraldine. 

2.  The  minimum  molecular  weights  of  these  primary  oxidation 
products  of  aniline  are  in  accordance  with  an  eight-nucleal  structure. 

3.  The  conversion  of  emeraldine  into  nigraniline  consumes  one 
atom  of  oxygen. 

4.  The  conversion  of  emeraldine  into  pernigraniline  consumes  two 
atoms  of  oxygen. 

5.  The  conversion  of  nigraniline  into  pernigraniline  consumes  one 
atom  of  oxygen, 

6.  The  reduction  of  emeraldine  to  leucoemeraldine  consumes  four 
atoms  of  hydrogen. 

7.  The  reduction  of  nigraniline  to  leucoemeraldine  consumes  six 
atoms  of  hydrogen. 

8.  The  reduction  of  pernigraniline  to  leucoemeraldine  consumes 
eight  atoms  of  hydrogen. 

9.  The  reduction  of  tolu-protoemeraldine  consumes  two  atoms  of 
hydrogen. 

10.  None  of  these  products  are  properly  entitled  to  be  considered 
as  aniline-black,  but  are  intermediate  products  in  the  formation 
of  the  latter. 

Department  of  Tinctorial  Chbhistrt, 
University  of  Lbeds. 
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CCXLIV. — Cliloroamine  Reactions.     Methylene- 

chloroamine* 
By  Charles  Frederick  Cross,  Edward  John  Bevan,  and 
William  Bacon. 
Chloroamine,   NHgCl,  although  not   yet   isolated,  has  been   closely 
characterised  by  its  reactions  in  solution.     Raschig  (Ber.,   1907,  40, 
458G)  has  verified  the  above  formula  by  the  synthesis  of  hydrazine 
according  to  the  equation  : 

NHgCl  +  NHg  =  H2lSr-NH2,HCI. 

In  oxidising  actions,  the  chloroamine  chlorine  reacts  as  the  chlorine 
of  hypochlorites,  thus  : 

NHgCl  +  2HI  =  NH^Cl  +  Ig, 
from   which,  and  in  view  of  its  formation  by  interaction  of   hypo- 
chlorites and  ammonium  salts,  it  might  be  formulated  as  NH^OCl. 

From  a  general  view  of  its  oxidising  reactions,  however,  these  are 
found  in  many  and  typical  cases  to  be  sharply  differentiated  from  those 
of  the  hypochlorites,  and  hence  its  formation  from  hypochlorites  is 
rather  represented  by  the  equation  : 

NH3  +  M-OCl  =  NHgCl  +  M-OH. 

It  may  be  inferred  from  Raschig's  investigations  that  such  reactions 
would  be  a  general  characteristic  of  amino-compounds,  and  we  have 
studied  certain  of  these  in  relation  to  their  conversion  into 
chloroaminee. 

As  a  result,  we  have  been  able  to  characterise  the  compounds 
obtained  from  proteins  by  the  action  of  chlorine  as  chloroamines 
(Cross,  Bevan,  and  Briggs,  /.  Soc.  Chem.  Ind.,  1908,  27,  260). 

Such  compounds  have  been  known  since  1840  (Mulder,  Berzelius' 
Jahresber,  19,  734),  and  their  formation  has  been  made  the  batis  of 
quantitative  analytical  methods  (Rideal  and  Stewart,  Analyst,  1897, 
22,  228),  depending  on  the  separation  of  these  derivatives,  which  are 
insoluble  in  water,  followed  by  nitrogen  estimations  in  the  precipitated 
compounds.  These  methods  we  find  are  much  simplified  by  estimations 
of  chloroamine  chlorine  according  to  the  well-known  chlorimobric 
methods. 

We  have  described  such  methods  in  detail  as  applicable  to  the 
estimation  of  gelatin,  and  we  have  also  applied  similar  reactions  to 
the  elucidation  of  industrial  processes  which  are  attended  by  the 
formation  of  chloroamines,  notably  the  bleaching  of  flax  textiles 
{loc.  cit.). 

In    the   case    of    gelatin    it   is    noteworthy    that   the   chloroamine 

*  Tliia  name  is  ri'tained  pending  the  final  scttltna'nt  of  the  constitution  of  the 
compound,  in  order  to  indicate  its  relation  to  chloroamine. 
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derivative  is  of  constant  composition,  the  chloroamine  chlorine  ( =  Clj) 
representing  ]8'3  per  cent,  of  original  gelatin,  and  after  dehydration 
is  stable  in  the  air. 

Methyhtiechloroamine. 

The  typical  reactions  of  chloroamine,  especially  with  aromatic  amines 
and  phenols,  have  further  been  elucidated  by  Raschig  {Chem.  Zeit., 
1907,  31,  126;  ZdUch.  angew.  Chem.,  1907,  20,  2065). 

In  extending  these  investigations,  we  have  observed  a  reaction  of 
special  interest  which  we  will  briefly  describe,  as  it  involves  a  new 
chloroamine,  readily  obtainable  in  crystalline  form. 

Formaldehyde  and  chloroamine  in  aqueous  solution  react  according  to 
the  equation : 

CHjO  +  H,NC1  =  CH^INCl  +  H,0, 

the  resultirg  methylenechloroamine  separates  in  well-formed  crystals, 
and  on  recrystallisation  from  chloroform,  in  which  it  is  easily  soluble,  it 
is  obtained  in  needles  of  10  to  15  mm.  in  length.  To  prepare  this  com- 
pound, approximately  semi-normal  solutions  of  hypochlorites  (CI  = 
1'8  grams  per  100  c.c.)  are  treated  with  ammonium  chloride,  and 
formaldeh}de  solution  added  in  the  cold.  The  proportions  are  taken 
somewhat  in  excess  of  the  calculated.  On  keeping  at,  or  under,  15°, 
the  solution  becomes  milky,  and  the  compound  then  crystallises.  It 
is  obtained  as  a  mass  of  brilliant,  felted  needles.  The  yields  under 
these  conditions  are  30  to  40  per  cent,  of  the  calculated. 

For  analysis,  the  substance  is  dissolved  in  chloroform,  the  solution 
being  left  for  some  hours  in  contact  with  calcium  chloride,  and 
poured  off  through  a  dry  filter,  when,  after  some  time,  the  substance 
crystallises  out. 

Many  preparations  have  been  analysed,  and  the  numbers  are  in  close 
accordance  with  the  formula  CHjNCl. 

The  following  results  are  typical : 

Toted  chlorine,  by  digestion  with  sodium  sulphite  and  precipitation 
as  silver  chloride  : 

01255  gave  02815  AgCl. 

"  Active  chloo-ine,"  by  digestion  with  potassium  iodide  solution  and 
titration  of  the  liberated  iodine  : 

0-3124  liberated  1  =  99-8  c.c.  iV/lO-thiosulphate. 

Nitrogen,  by  digestion  with  ferrous  sulphate,  in  presence  of 
sulphurous  acid,  and  distillation  from  alkalis;  the  nitrogen  being 
obtained  as  ammonia  : 

01 135  gave  NH,=:18-2  c.c.  ^/lO-HCI. 

Found,  Total  CI  «  554  ;  "  Active  "  CI  =  567  x  2  ;  N  =  224. 
CHjNCl  requires  Total  CI  =  559  ;    "  Active  "  CI  =559  x  2  ; 
N«2205  per  cent. 
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Molecular  -  weight  determinations  even  by  cryoscopic  methods 
present  difficulties,  due  to  the  instability  and  reactivity  of  the 
compound,  but  the  following  numbers  calculated  from  the  depression 
of  the  freezing  point  of  benzene  were  obtained  : 

Found,  M.W.=  1330,  132-7,  131-7. 

2CH2NCI  requires  M.W.  =  127. 

Our  incidental  observations  indicate  a  change  of  solubility  in 
benzene  from  2*7  to  TS  per  100  c.c.  at  5°,  and  polymerisation  probably 
has  to  be  taken  into  account.  This  point  will  be  resolved  by  further 
investigation. 

Methylenechloroamhie  is  soluble  in  20  to  30  parts  of  ether  at  the 
ordinary  temperature,  and  similarly  in  benzene,  as  indicated  above ;  it 
is  only  sparingly  soluble  in  paraffinoid  hydrocarbons. 

It  decomposes  spontaneously  in  ordinary  air,  and  when  heated  at 
50 — 60°  it  decomposes  explosively,  leaving  a  residue  of  ammonium 
chloride. 

As  shown  by  the  analytical  results,  it  may  be  quantitatively  hydro- 
lysed  and  reduced,  ammonia  and  formaldehyde  being  regenerated,  and 
by  certain  decompositions  it  yields  hydrocyanic  acid  as  a  main  product 

The  investigation  is  being  continued. 

4,  New  Court, 

London,  W.C. 


CCXLV. — Narcissine:    an  Alkaloid  from  the  Bulb  of 
the  Co7nmon  Daffodil  {Narcissus  pseudonarciss^is). 

By  Arthur  James  EiWins. 

In  1878  a  paper  was  published  by  Ringer  and  Morshead  (/.  Physiol. 
1,  437),  entitled  "  On  the  physiological  action  of  narcissia,  an 
alkaloid  obtained  from  the  bulb  of  the  common  daffodil  (Narcissus 
pseudonarcissus).'"  This  work  contained  a  detailed  account  of 
experiments  carried  out  on  men  and  frogs  with  an  alkaloid  or  with 
extracts  containing  the  alkaloid,  which  had  been  obtained  by 
Gerrard  from  the  bulb  of  the  common  daffodil.  From  experiments 
carried  out  with  extracts  obtained  from  bulbs  in  the  resting  stage 
and  from  bulbs  of  the  flowering  plants,  the  authors  concluded  that 
the  action  of  the  alkaloid  present  in  the  extracts  from  the  resting 
bulbs  was  similar  to  that  of  pilocarpine,  whereas  that  present  in 
the  extracts  from  the  bulbs  of  the  flowering  plants  closely  resembled 
atropine  in  action.  The  alkaloid  obtained  by  Gerrard  from  both 
extracts  nevertheless  appeared  to  be  the  same  in  general  chemical 
properties. 
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In  view  of  these  statements  and  of  the  fact  that  no  reference  to 
"  narcissia "  or  to  any  alkaloid  obtained  from  the  bulbs  of  the 
daffodil  can  be  found  in  chemical  literature,  it  appeared  to  be  of 
interest  to  obtain  the  alkaloid  in  a  pure  state,  in  order  that  a  more 
detailed  investigation  of  its  chemical  and  physiological  properties 
might  be  made,  more  especially  as  the  alkaloids  which  have  been 
obtained  from  monocotyledons  are  comparatively  few  in  number. 

The  bulbs  of  a  cultivated  variety  of  the  daffodil  {Xarcissiis 
princeps),  being  more  readily  obtainable  than  the  variety  mentioned 
above,  were  first  employed  in  the  investigation.  From  these  bulbs, 
however,  the  extracts  obtained  from  the  resting  or  flowering  bulbs 
gave  only  traces  of  alkaloidal  reactions,  and  the  isolation  of  the 
alkaloid  was  obviously  hopeless.  "With  the  bulbs  of  the  wild  daffodil 
{Xarcissus  pseiidonurciisus),  much  more  satisfactory  results  were 
obtained.  From  these  a  crystalline  alkaloid  was  readily  obtained. 
From  the  resting  bulbs  a  yield  of  approximately  0'2  per  cent,  of 
the  dried  material,  and  from  the  flowering  bulbs  only  about  O'l 
per  cent.,  was  obtained.  The  alkaloid,  which,  in  accordance  with 
modern  usage,  it  is  suggested  be  called  "  narcissine,"  rather  than 
'■'  narcissia,"  was  the  same  in  both  cases. 

Narcissine  has  been  found  by  analyses  and  molecular-weight 
determination  to  possess  the  formula  Ci6Hj;04N.  The  alkaloid  is 
characterised  by  very  great  stability,  and  on  that  account  and 
owing  to  the  small  amount  of  material  available  (about  3  grams 
only),  no  light  has  been  thrown  on  its  probable  constitution.  The 
nitrogen  present  is  tertiary,  since  nitrous  acid  is  without  action  on 
the  alkaloid,  and  treatment  with  methyl  iodide  produced  an 
amorphous  product  which  was  probably  the  methiodide  of  the  base, 
but  which  could  not  be  crystallised  for  analysis.  The  action  of 
hydriodic  acid  (Zeisel)  showed  the  absence  of  methoxy-groups,  but 
on  very  strongly  heating,  a  very  small  amount  of  methyl  iodide 
was  evolved,  and  the  residue  on  suitable  treatment  yielded  a  solution 
which  gave  a  violet  coloration  with  ferric  chloride,  the  phenolic 
substance  being  extracted  from  its  acid  solution  by  ether.  The 
amount  of  substance  so  obtained  was,  however,  extremely  small,  and 
further  attempts  to  hydrolyse  by  means  of  acids  yielded  no 
crystalline  product. 

Fusion  with  potassium  hydroxide  yielded  no  better  results.  At 
temperatures  up  to  220°  the  alkaloid  was  only  very  slowly  attacked, 
traces  of  alkaline  vapour  being  evolved.  Heating  with  the  naked 
flame  for  one  and  a-quarter  hours  was  required  in  order  to  decompose 
completely  about  07  gram  of  the  alkaloid.  The  reaction  product 
dissolved  in  water  gave  on  addition  of  ferric  chloride  a  violet 
coloration,  quickly  passing  to  a  dirty  brown,  with  separation  of  a 
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brown,  flocculent  precipitate.  This  polyphenolic  substance,  again, 
could  be  extracted  by  ether  from  its  acid  solution,  but  on  evaporating 
off  the  solvent  only  a  very  small  quantity  of  a  brown,  amorphous 
product  was  obtained,  and  all  attempts  to  obtain  a  crystalline 
product  were  fruitless. 

On  account  of  the  relatively  large  number  of  oxygen  atoms 
present  in  the  molecule,  it  was  thought  possible  that  a  carboxyl 
group  might  be  present,  but  attempted  esterification  showed  the 
absence  of  such  grouping.  For  this  reason  and  from  the  absence  of 
methoxy-groups  as  shown  by  the  Zeisel  reaction,  the  formation  of 
a  polyphenolic  derivative  such  as  has  been  described  is  very  possibly 
due  to  the  presence  in  the  molecule  of  a  methylenedioxy-grouping 
and  a  phenolic  bridge  oxygen.  The  stability  of  the  alkaloid  would 
seem  to  support  such  a  view,  although  there  is,  of  course,  no  direct 
evidence  of  such  structure. 

Experiments  with  regard  to  the  physiological  action  of  the 
alkaloid  were  carried  out  in  these  laboratories  by  Dr.  P.  P.  Laidlaw, 
to  whom  I  am  indebted  for  the  following  account  of  its  action. 
As  tested  on  frogs  and  cats,  the  alkaloid  showed  no  action  in  any 
way  similar  to  that  of  pilocarpine  or  of  atropine.  0'125  Gram, 
given  by  mouth  to  a  cat,  caused  nausea,  vomiting,  salivation,  and 
purgation.  The  salivation  was  not,  however,  similar  to  that  produced 
by  pilocarpine,  since  it  could  not  be  produced  on  the  anaesthetised 
animal. 

Experimental. 

PrejHiration  of  the  Alkaloid. 

Two  thousand  five  hundred  bulbs  of  the  common  daffodil 
(Narcissus  'pseudonarcissus),  weighing  approximately  4  kilos.,  were 
dried  at  a  temperature  of  about  40°.  The  weight  of  the  dried 
product  was  1400  grams.  The  substance  was  finely  ground  and 
extracted  for  about  six  hours  with  hot  alcohol  (97  per  cent.),  and 
the  alcoholic  extract  evaporated  to  about  200  c.c.  To  the  dark 
syrupy,  acid  liquid  was  added  an  equal  volume  of  water,  and  a 
very  dark  resinous  precipitate  which  formed  was  collected.  This 
precipitate  was  re-suspended  in  a  little  very  dilute  acid,  and  again 
collected  after  thoroughly  shaking.  The  filtrate  and  washings  were 
combined,  and  the  acid  liquid  extracted  twice  with  about  one-third 
of  its  volume  of  ether.  The  aqueous  solution  was  then  rendered 
alkaline  by  addition  of  sodium  carbonate,  when,  after  some  time,  a 
precipitate  formed,  which  consisted  mainly  of  bunched  prisms.  The 
crystals  were  collected,  and  after  recrystallisation  from  90  per  cent, 
alcohol  were  obtained  as  colourless,  short,  stout  prisms,  melting  ot 
266 — 267°  (bath  at  250°  at  commencement  of  heating).  The  sub- 
stance was  dried  first  in  air,  then  in  a  vacuum  over  sulphuric  acid, 
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and   finally  at  110°,  no   alteration   in   weight   taking  place  under 
these  varying   conditions : 

01448  gave  0-3552  CO.,  and  00754  HpO.  0  =  669;  H  =  5-8. 
0-1283  „  0-3159  COo  ,,  00684  H2O.  C  =  67-l ;  H  =  5-9. 
0-1051     „     5-0  c.c.  No" (moist)  at  13-5°  and  732  mm.     N  =  5-4. 

C16H17O4N  requires  0  =  669;  H  =  5-9;  N  =  5-0  per  cent. 
A  determination  of  the  molecular  weight  was  made  by  Barger's 
microscopic  method  (Trans.,  1904,  86,  286)  in  glacial  acetic  acid. 
0-060  Gram,  in  1*197  grams  of  solvent,  was  intermediate  between 
0-19  mol.  and  020  mol.,  whence  M.W.  =  257.  CigHiyO^N  requires 
M.W.  =  287. 

Properties  of  Narcissin-e. — The  alkaloid,  as  before  stated,  is 
obtained  by  recrystallisation  from  alcohol  in  colourless  prisms, 
which  melt  at  266 — 267°  with  some  decomposition  and  formation 
of  a  red  liquid.  The  crystals  are  insoluble  in  water  or  dilute  sodium 
hydroxide,  but  readily  soluble  in  dilute  acid.  The  acid  solution 
gives  all  the  usual  alkaloidal  reactions,  for  example,  with  Meyer's 
reagent,  with  a  solution  of  iodine  in  potassium  iodide,  and  with 
phosphotungstic  acid.  The  crystalline  product  is  only  very 
sparingly  soluble  in  methyl  alcohol,  ethyl  alcohol,  ethyl  acetate,  or 
acetone,  moderately  so  in  pyridine,  nitrobenzene,  or  glacial  acetic 
acid,  and  insoluble  in  ether  or  chloroform.  A  determination  of  its 
solubility  in  absolute  ethyl  alcohol  showed  that  one  part  by  weight 
of  the  alkaloid  was  soluble  in  284  parts  of  boiling  alcohol  and  in 
340  parts  of  alcohol  at  15°. 

The  alkaloid  is  laevorotatory.  0166  Gram,  made  up  to  100  c.c. 
with  absolute  alcohol,  gave,  in  a  2-2-dcm.  tube  at  10°,  a^  —035°, 
whence  [o]l?-95-8°. 

The  alkaloid  dissolves  in  concentrated  sulphuric  acid,  producing 
a  deep  red  solution,  which  slowly  becomes  reddish-brown  on  keeping. 
Xarcksine  Hydrochloride,  C,gH,704N,HCl.— 03  Gram  of  crude 
narcissine  wa-s  dissolved  in  dilute  hydrochloric  acid,  and  the  solution 
evaporated  to  dryness  over  potassium  hydroxide  in  a  desiccator. 
The  resultiiig  crystalline  product  was  dissolved  in  hot  90  per  cent, 
alcohol,  and  after  treatment  with  a  little  blood-charcoal,  the  solu- 
tion, on  cooling,  deposited  the  hydrochloride  in  long,  thin  prisms, 
melting  at  198—199°.  Yield,  027  gram  : 
0-2737  gave  01 176  AgCl.     CI  =  10-6. 

Ci6Hi;04N,HCl  requires  CI  =  10-9  per  cent. 

The  Wellcome  Phtkioix)gical  Re-skakch  LABor.ATORiKS, 
Hkune  Hill,  S.E. 
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CCXLVI. — The  Action  of  Halogens  on  Mercuricamphor 

Compounds. 

By  James  Ernest  Marsh, 

The  work  described  in  this  paper  is  a  continuation  of  that  published 
by  Mr.  Struthers  and  the  author  on  the  mercury  derivatives  of 
camphor  (Trans.,  1909,  95,  1777). 

In  the  former  paper  it  was  shown  that  di-iodocamphor  was 
obtained  by  the  action  of  iodine  on  one  of  the  mercury  derivatives. 
It  is  now  found  that  the  same  di-iodocamphor  is  formed  from  the 
three  mercury  compounds,  namely,  those  which  have  the  formulae : 
CioH.^OHgsIg,  (CjoHi40)3Hg4l2,  and  {C,^B.^^O)^TLg-J..^.  The  method 
of  preparation  is  the  same  in  each  case  The  mercury  compound  is 
treated  with  an  aqueous  solution  of  iodine  and  potassium  iodide, 
enough  iodine  being  taken  to  combine  with  the  mercury  and  the 
camphor  residue,  and  enough  potassium  iodide  to  hold  the  mercuric 
iodide  in  solution.  The  product  of  the  reaction  is  extracted  with 
chloroform,  and  the  chloroform  solution  washed  with  sodium 
hydroxide,  dried,  and  rapidly  evaporated.  The  di-iodocamphor  is 
then  left  in  the  crystalline  form,  and,  after  washing  with  light 
petroleum,  is  practically  pure.  A  small  amount  of  camphor- 
quinone,  which  is  formed,  is  removed  by  the  petroleum.  If  the 
operation  is  carried  out  carefully,  the  yield  is  nearly  quantitative, 
but  if  the  substance  is  left  too  long  in  the  chloroform  solution  the 
amount  obtained  is  less  satisfactory,  as  it  decomposes  in  solution. 
Even  when  the  substance  is  partly  decomposed  by  being  overheated 
or  left  too  long  in  solution,  a  good  product  can  still  be  obtained  by 
boiling  with  sodium  hydroxide  solution,  and  washing  the  residue 
with  petroleum.  Di-iodocamphor,  when  in  solution,  rapidly  decom- 
poses with  separation  of  iodine.  In  order  to  recrystallise  it,  the  best 
solvent  was  found  to  be  aqueous  pyridine.  It  is  very  soluble  in 
pure  pyridine,  and,  on  adding  a  little  water,  crystals  at  once 
separate.  The  crystals  should  be  spread  out  in  a  thin  layer  to  dry, 
as  they  rapidly  decompose  if  heaped  up  in  masses  while  still  wet 
with  the  solvent.  The  compound  decomposes  a  little  above  its 
melting  point,  108°,  with  evolution  of  iodine.  It  is  stable  in 
presence  of  alkalis,  and  may  be  kept  under  a  solution  of  sodium 
hydroxide.  It  may  be  boiled  with  aqueous  sodium  hydroxide  with- 
out decomposition,  and  it  is  not  appreciably  volatile  in  steam. 
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Action  of  Oxygen  on  Di-iodocamphof:     Campkorquinone. 

Although  in  the  crystalline  form,  di-iodocamphor  is  stable  when 
exposed  to  air,  when  dissolved  in  chloroform  it  decomposes  with 
separation  of  iodine.  One  atom  of  oxygen  takes  the  place  of  the 
two  atoms  of  iodine,  and  camphorquinone  is  formed,  along  with  a 
small  quantity   of   camphoric  anhydride. 

To  obtain  camphorquinons  in  this  way,  air  dried  by  sulphuric 
acid  is  bubbled  through  a  solution  of  di-iodocamphor  in  chloroform. 
Iodine  at  once  begins  to  separate,  as  is  shown  by  the  change  in  the 
colour  of  the  solution.  Fresh  chloroform  is  added,  when  necessary, 
to  make  good  the  loss  by  evaporation.  When  the  action  is  finished, 
the  product  is  mixed  with  a  solution  of  sodium  hydroxide  and 
distilled  in  a  current  of  steam.  The  alkali  serves  not  only  to  combine 
with  the  free  iodine,  but  also  to  convert  the  camphoric  anhydride 
into  sodium  camphorate;  otherwise  the  anhydride  distils  over  in 
the  steam,  and  renders  the  quinone  impure.  The  quinone  appears 
in  the  distillate  as  yellow  crystals,  and  also  colours  the  water  yellow. 
It  is  extracted  with  ether  or,  better,  with  chloroform.  The  ethereal 
extract  gave,  on  evaporation,  crystals  melting  at  196 — 197°,  which, 
after  recrystallisation  from  alcohol,  melted  at  198 — 199°.  (Found, 
C  =  71-7;  H=8-4.     Calc,  C  =  72-3;  H  =  8-4  per  cent.) 

The  yield  of  camphorquinone  by  this  method  is  more  than  90  per 
cent,  of  that  required  by  theory.  This  method  should  serve  for  the 
production  of  camphorquinone  in  any  quantity  from  camphor,  since 
the  yield  of  the  mercury  compound  from  camphor  and  that  of 
di-iodocamphor  from  the  mercury  compound  are  both  nearly 
quantitative.  Further,  all  the  mercury  and  iodine  employed  in  the 
reactions  can  be  recovered  in  the  form  of  mercuric  iodide,  and  used 
again  for  the  preparation  of  the  camphor-mercury  compound. 

Camphorquinone  is  readily  oxidised  to  camphoric  acid  by  warm- 
ing with  a  solution  of  sodium  peroxide;  the  crystals  dissolve,  and 
the  yellow  colour  of  the  solution  disappears;  on  acidifying, 
camphoric  acid,  melting  at  186°,  separates.  It  is  converted  by 
the  action  of  acetyl  chloride  into  camphoric  anhydride,  melting 
at  220°.  This  conversion  of  di-iodocamphor  into  camphorquinone 
and  camphoric  acid  shows  that  the  iodine  has  replaced  the  hydrogen 
in  the  CHg  group,  which  is  adjacent  to  the  CO  group.  It  also 
shows  further  that,  in  the  mercury  derivatives,  the  Hg''  and 
(Hgl)'  groups  are  similarly  situated  in  the  ao'-position.  This  was 
anticipated  by  Mr.  Struthers  and  myself  from  the  circumstance 
that  the  only  ketones  which  we  found  to  give  mercury  derivatives 
were  those   having   hydrogen   in   the   o-position.     The   structural 
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relationship  of   the  mercury  and   iodine   derivatives    to    camphor- 
quinone  is  shown  by  the  formulae : 

Dimercuricamphor  di-iodide.         Di-iodocainphor.  Camphorquinone. 

Action   of   Bromine  on  the  Mercuricamphor   Compounds. 
aa'-Dibromocam,phor. 

The  action  of  bromine  on  the  mercuricamphor  compounds  is  not 
so  simple  as  is  the  action  of  iodine.  In  the  main,  the  reaction 
proceeds  with  the  production  of  aa'-dibromocamphor,  melting  at 
61°.  The  action  is,  however,  complica-ted  by  liberation  of  iodine 
and  its  action,  also  by  the  oxidising  action  of  the  bromine,  and 
further  by  the  action  of  the  hydrogen  bromide  produced  in  the 
oxidation. 

To  prepare  aa'-dibromocamphor,  the  mercury  compound 
(Cj(,Hi4'0)4Hg5l2  is  preferably  employed,  since  it  contains  less  iodine 
than  the  other  mercuricamphor  compounds. 

The  mercuricamphor  compound  is  mixed  with  half  its  weight  of 
powdered  mercuric  oxide,  and  this  mixture  is  added  gradually  to 
a  solution  in  water  of  the  requisite  amounts  of  bromine  and 
potassium  bromide,  so  that  the  whole  of  the  mercuric  bromide 
formed  is  dissolved  in  the  water.  The  mixture  is  stirred  all  the 
time  with  a  turbine,  and  it  becomes  warm  as  the  reaction  proceeds. 
When  cold,  the  mixture  is  extracted  with  chloroform.  The  chloro- 
form solution  is  washed  with  sodium  hydroxide  and  water,  dried, 
and  evaporated.  The  crude  dibromocamphor  left  on  evaporation  is 
purified  by  solution  in  light  petroleum.  The  petroleum  solution  is 
filtered,  if  necessary,  from  a  small  quantity  of  a  crystalline  sub- 
stance, which  is  referred  to  later.  On  evaporation  of  the  petroleum, 
the  residue  is  distilled  under  diminished  pressure.  oo'-Dibromo- 
camphor  distils  at  about  175°/ 20  mm.,  and  solidifies  in  the  receiver. 
After  recrystallisation  from  alcohol,  it  melted  at  61°.  (Found, 
Br  =  51-5.     Calc,  Br  =  51-6  per  cent.) 

Mr.  T.  V.  Barker  examined  the  crystals  with  the  goniometer, 
and  found  the  measurements  to  be  identical  with  those  given  by 
Zepharowich  for  aa'-dibromocamphor. 

By  its  production  in  this  way,  the  dibromocamphor  is  brought 
into  relationship  with  di-iodocamphor,  camphorquinone,  and  cam- 
phoric acid;  hence  its  constitution  as  an  ao'-compound  is  confirmed. 

The  same  dibromocamphor  is  produced  by  the  action  of  bromine 
in  chloroform  instead  of  aqueous  solution.  It  is  also  obtained  from 
the  mercury  compound  C]„Hj40Hg2l2,  and  by  the  action  of  bromine 
on  di-iodocamphor   in  chloroform   solution.     It   may  be  presumed 
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to  be  also  obtainable,  like  di-iodocamphor,  from  the  intermediate 
mercury  compound  (CjoH]40)3Hg4l2. 

The  use  of  mercuric  oxide  in  the  preparation  of  dibromocamphor 
needs  some  explanation.  It  was  found  to  prevent  the  formation  of 
by-products.  It  probably  acts  by  combining  with  any  hydrogen 
bromide  which  may  be  formed,  and  thus  preventing  the  decom- 
position of  the  mercuricamphor  compound  into  camphor  and 
mercuric  bromide. 

The  crystalline  compound  insoluble  in  petroleum  is  obtained  when 
mercuric  oxide  is  not  employed  in  the  reaction;  and  at  the  same 
time  some  a-monobromocamphor  is  formed.  The  former  substance 
crystallised  well  from  alcohol,  and  melted  at  159°.  Numerous 
analyses  were  made  of  this  substance,  prepared  under  varying 
conditions.  The  analyses  do  not  indicate  the  presence  of  a  single 
substance,  but  of  a  mixture  intermediate  between  the  compounds 
CjoHj^OoBro  and  CjoHj^OoI^,  with  no  simple  relation  between  the 
bromine  and  the  iodine  atoms.  When  bromine  acts  on  di-iodo- 
camphor, a  similar  substance  is  formed  with  relatively  more  iodine 
and  less  bromine  in  its  composition,  and  of  a  higher  melting  point, 
namely.  172°.  A  product  of  a  similar  nature  is  obtained  with 
chlorine  taking  the  place  of  bromine,  when  a  chloroform  solution 
of  di-iodocamphor  is  acted  on  by  chlorine. 

"When  the  mercuricamphor  compound  is  treated  with  iodine 
bromide,  IBr,  or  by  iodine  chloride,  ICl,  the  principal  product  in 
each  case  is  di-iodocamphor. 

I  wish  to  thank  my  assistant,  Mr.  F.  Hall,  for  his  excellent  help 
in  this  investigation. 

University  Laboratory, 
Oxford. 


CCXLVII. — Action  of  Sodium  Amalgam  on  Methylene 

Ethers. 

By  Arthur  Henry  Salway. 

In  the  course  of  the  author's  previous  investigations,  which  led 
to  the  synthesis  of  cotarnine  (Trans.,  1909,  95,  1204;  this  vol., 
1208),  the  reduction  of  3-methoxy-4 :  5-methylenedioxycinnamic 
acid  (I)  was  described.  In  this  reaction  it  was  observed  that  the 
normal  reduction  product,  namely,  /8-3-niethoxy-4 :  5-methylene- 
dioxyphenylpropionic  acid  (II),  was  invariably  accompanied  by  a 
considerable  proportion  of  a  by-product.     This  substance,  of  which 
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no  account  was  given  in  the  previous  communications,  has  now  been 
isolated  in  sufficient  quantity  to  render  its  complete  examination 
possible. 

The  purified  compound  was  found  to  possess  the  properties  of  a 
phenol  and  of  a  carboxylic  acid,  and  gave  analyses  corresponding 
with  the  empirical  formula  C^f^Hi^^^.  It  is  evident  that  the  pro- 
duction of  such  a  compound  from  3-methoxy-4  :  5-methylenedioxy- 
cinnamic  acid  (I)  can  only  be  explained  by  the  simultaneous 
reduction  of  the  aliphatic  side-chain  and  the  substitution  of  a 
hydroxyl  group  for  the  methylenedioxy-complex.  The  constitution 
of  the  resulting  compound  would  therefore  appear  to  be  represented 
by  one  of  the  two  formulae  A  and  B  : 


OMe  OMe 

(I-)  (A.)  • 


CHj-CHg'COaH 

or      ^^\/ 
,OMe 

(B.) 

In  order  to  decide  between  these  formulae,  the  substance  was 
converted  by  means  of  methyl  sulphate  into  a  dimethoxyphenyl- 
propionic  acid,  which  melted  at  61 — 62°.  The  dimethoxy-acid 
corresponding  with  B,  namely,  )8-3 :  4-dimethoxyphenylpropionic 
acid,  melts,  according  to  Tiemann  and  Nagai  (Ber.,  1878,  11,  653), 
at  97°,  whilst  the  3  :  5-dimethoxy-acid  corresponding  with  A  does 
not  appear  to  have  been  hitherto  described.  Formula  B  is  thus 
shown  to  be  inadmissible,  and  consequently  A  most  probably  repre- 
sents the  constitution  of  the  substance  under  examination.  Positive 
evidence  in  support  of  this  conclusion  was  obtained  by  converting 
the  dimethoxypropionic  acid  into  the  corresponding  dimethoxy- 
benzoic  acid  by  oxidation  with  alkaline  permanganate  solution. 
The  product  of  oxidation  melted  at  180 — 181°,  and  was  found  to 
be  identical  with  3 :  5-dimethoxybenzoic  acid.  It  is  thus  shown 
that  in  the  reduction  of  3-methoxy-4 :  5-methylenedioxycinnamic 
acid  (I),  the  normal  reaction  is  accompanied  by  a  secondary  change 
involving  the  disruption  of  the  methylenedioxy-complex  and  the 
formation  of  ;8-5-hydroxy-3-methoxyphenylpropionic  acid  (HI), 
according  to  the  scheme  on  p.  2415. 

It  was  next  deemed  of  interest  to  ascertain  whether  other 
methylene  ethers  are  capable  of  undergoing  a  similar  change,  and 
accordingly  piperonyla<;rylic  acid  (IV)  was  subjected  to  the  action 
of  sodium  amalgam.     In  this  case,  a-lso,  it  was  found  that  reduction 
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takes  place  with  partial  conversion  of  the  methylenedioxy-complex 
into  a  hydroxyl  group,  the  products  of  the  reaction  being  a  mixture 

OMe  UMe 

(I.)  (II.) 


HO/    ^CHg-CHg-COgH 

and  i      J 

OMe 

(III.) 

of  j8-3 :  4-methylenedioxyphenylpropionic  acid  (V)  and  )3-3-hydroxy- 
phenylpropionic  acid  (VI)  : 


(IV.)  (V.) 


and     HO/^CH^-CH^-CO^H 


(VI.) 

A  similar  reaction  has  been  observed  by  Ciamician  and  Silber 
(Ber.,  1890,  23,  1162),  who  have  shown  that  /^osafrole  (VII),  when 
reduced  by  sodium  and  alcohol,  is  converted  into  a  mixture  of 
3 :  4-methylenedioxypropylbenzene  (VIII)  and  w-propylphenol 
(IX),  whilst  Thoms  (Ber.,  1903,  36,  3449)  records  the  fact  that 
?«omyristicin  (X),  under  similar  conditions,  yields  both  5-methoxy- 
3 :  4-methylenedioxypropylbenzene  (XI)  and  5-methoxy-3-propyl- 
phenol  (XII): 


prr^f      |CH:CHMe        ^     nvr^^\      ^CHj-CHjMe 

(vn.)  (VIII.) 


and      H0/\cH,.CH,Me 


(IX.) 


OMe  OMe 

'     (X.)  (XI.) 


and 


OMe 

(XII.) 
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It  is  worthy  of  note  that  in  each  of  the  above  examples  of  the 
displacement  of  a  methylenedioxy-complex  by  a  hydroxyl  group, 
the  latter  appears  in  the  meta-position  with  regard  to  the  side- 
chain.  Moreover,  the  position  of  the  unsaturated  linking  in  the 
side-chain  is  of  importance  in  determining  the  course  of  the  reaction, 
since  only  those  compounds  which  contain  the  unsaturated  linking 
in  the  a)8-position  with  regard  to  the  benzene  nucleus  appear  to 
be  capable  of  undergoing  the  above-described  transformation.  Thus, 
for  example,  the  methylenedioxy-group  of  ?'somyristicin  (X)  is  readily 
decomposed  by  means  of  sodium  and  alcohol,  whilst  myristicin,  in 
which  the  unsaturated  linking  is  in  the  )8y-position,  does  not  suffer 
this  change. 

Experimental. 

Reduction   of  ^-Methoxy-^:  b -methyl enedioxycinnamic    Acid 
(I,  p.  2415). 

A  solution  of  one  part  of  3-methoxy-4 :  5-methylenedioxycinnamic 
acid  in  20  parts  of  1  per  cent,  aqueous  sodium  hydroxide  was 
reduced  by  the  gradual  addition,  with  constant  stirring,  of  16  parts 
of  sodium  amalgam  (4  per  cent.).  After  the  amalgam  had  been 
completely  decomposed,  the  mixture  was  acidified,  the  precipitated 
oil  extracted  with  ether,  and  the  ethereal  solution  washed,  dried, 
and  the  solvent  removed.  In  this  manner  the  product  of  reduction 
was  obtained  as  a  light  brown  oil,  which  gradually  became  crys- 
talline. A  preliminary  examination  of  the  product  indicated  the 
presence  of  a  considerable  proportion  of  a  phenolic  carboxylic  acid 
in  addition  to  the  normal  reduction  product,  )8-3-methoxy- 
4 :  5-methylenedioxyphenylpropionic  acid.  In  order  to  effect  a 
separation  of  these  compounds,  the  mixture  was  dissolved  in  alcohol 
and  esterified  by  means  of  dry  hydrogen  chloride,  after  which  the 
excess  of  alcohol  was  removed  and  the  esters  extracted  with  ether. 
The  ethereal  solution  was  first  washed  with  aqueous  sodium 
carbonate  to  remove  any  unesterified  acid,  and  then  shaken  with 
dilute  sodium  hydroxide.  The  sodium  hydroxide  extract,  which 
contained  the  phenolic  ester,  was  warmed  for  a  short  time  to 
complete  the  hydrolysis  of  the  latter,  then  acidified  and  extracted 
with  ether.  This  ethereal  extract  yielded  a  colourless  solid,  .which 
was  recrystallised  from  hot  water,  when  it  separated  in  flat, 
hexagonal  plates,  melting  at  127°: 

01 103  gave  02482  COo  and  00635  HoO.     0  =  614;  H  =  6-4. 
0-2800     required     for     neutralisation     1435     c.c.     iV/10-KOH. 
M.W.  =  195. 
CjoHiaO^  requires  0  =  612;  H=61  per  cent.     M.W.  =  196. 
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As  already  explained  in  the  introduction,  this  substance  was  found 
to  be  )3-5-hydroxy-3-methoxyphenylpropionic  acid. 

^-b-Hydroxy-Z-methoxyphtnyl^ropionic  acid  (III,  p.  2415)  is 
readily  soluble  in  ether,  alcohol,  or  hot  water,  and  crystallises  from 
the  latter  in  colourless,  hexagonal  plates,  which  gradually  become 
pink  on  exposure  to  air.  It  is  insoluble  in  benzene  or  light 
petroleum.  Its  amide,  MeO'C6H3(OH)-CH,-CH2'CO-NH2,  crys- 
tallises from  water  in  prismatic  needles,  melting  at  126°. 

In  order  to  prepare  the  methyl  derivative  of  the  above  compound, 
10  grams  of  the  phenolic  acid  were  dissolved  in  methyl  alcohol  and 
5  c.c.  of  methyl  sulphate,  and  10  c.c.  of  a  50  per  cent,  solution  of 
potassium   hydroxide   added.      After    the    vigorous    reaction    had 
subsided,  the  same  quantities  of  methyl  sulphate  and  alkali  were 
again  added,  and  the  mixture  heated  for  a  short  time  on  the  water- 
bath.     The  alkaline  liquid  was  then  acidified  and  extracted  with 
ether,   when  the   ethereal   extract  yielded  an   oil  which  gradually 
solidified.      This    product    was  purified    by  crystallisation    from   a 
mixture  of  benzene  and  light  petroleum,   from  which  it  separated 
in  clusters  of  colourless,  silky  needles,  melting  at  61 — 62°: 
01076  gave  02490  CO,  and  00649  HoO.     C  =  631;  H  =  6-7. 
04465     required    for    neutralisation     2125     c.c.    iV'^/lO-NaOH. 
M.W.  =  210. 
C11H14O4  requires  €  =  629;  H  =  6-7  per  cent.     M.W.  =  210. 
i8-3 :  o-Dimethoxyphenylprojrionic  acid, 

C6H3(MeO),-CHo-CHo-C02H, 
is  readily  soluble  in  the  usual  organic  solvents,  excepting  light 
petroleum.  It  yields  an  amide,  which  crystallises  from  a  mixture 
of  benzene  and  petroleum  in  colourless  needles,  melting  at  80 — 81°. 
The  position  of  the  methoxy-groups  in  the  above  compound  was 
ascertained  by  oxidising  a  quantity  of  the  substance  with  a  hot 
alkaline  solution  of  potassium  permanganate.  At  the  end  of  the 
oxidation,  the  liquid  was  cooled,  an  excess  of  sulphur  dioxide  added, 
and  the  precipitated  oxidation  product  collected.  It  was  re- 
crystallised  from  hot  water,  when  it  separated  in  thin  needles, 
melting  at  180—181°.  (02045  required  for  neutralisation  11-25 
c.c.  X/10-NaOH.     M.W.  =  182.     Calc,  M.W.  =  182.) 

This  substance  possessed  all  the  properties  of  3 :  5-dimethoxy- 
benzoic  acid  (Biilow  and  Riess,  lier.,  1902,  35,  3901),  and  was 
evidently  identical  with  that  compound. 

Reduction  of  Pi-peronylacrylu  A  cid. 

The  reduction  of  piperonylacrylic  acid  by  means  of  sodium 
amalgam  was  first  described  by  Lorenz  {Ber.,  1880,  13,  758),  who 
isolated  piperonylpropionic  acid  from  the  product  of  the  reaction, 
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but  did  not  record  the  formation  of  a  phenolic  compound.  In 
view,  however,  of  the  results  obtained  in  the  above  reduction  of 
3-methoxy-4 :  5-methylenedioxycinnamic  acid,  it  seemed  probable 
that  some  )8-5-hydroxyphenylpropionic  acid  would  be  formed  in  the 
reduction  of  piperonylacrylic  acid.  In  order  to  ascertain  if  this 
were  the  case,  20  grams  of  piperonylacrylic  acid  were  reduced  with 
sodium  amalgam  in  the  manner  described  in  connexion  with  the 
reduction  of  3-methoxy-4 :  5-methylenedioxycinnamic  acid.  The 
product  was  then  esterified,  and,  by  means  of  dilute  sodium 
hydroxide,  separated  into  a  non-phenolic  and  a  phenolic  ester.  The 
former  amounted  to  18  to  19  grams,  and  yielded  on  hydrolysis 
piperonylpropionic  acid,  melting  at  85°,  whilst  the  latter,  when 
hydrolysed,  yielded  a  brown  oil  (2  grams),  which  gradually  solidified 
on  agitation  with  benzene.  This  substance  was  purified  by  re- 
crystallisation  from  a  mixture  of  ether  and  benzene,  and  was  thus 
obtained  in  colourless  needles,  melting  at  110°.  (0'1922  required 
11-8  c.c.  iV'/lO-NaOH  for  neutralisation.  M.W.  =  163.  Calc, 
M.W.  =  166.) 

This  compound  possessed  all  the  properties  of  3-hydroxyphenyl- 
propionic  acid,  and  was  evidently  identical  with  it  (Braunstein, 
Ber.,  1882,  15,  2050). 

The  action  of  sodium  amalgam  on  piperonylacrylic  acid  is 
therefore  analogous  to  that  which  takes  place  when  3-methoxy- 
4  :  5-methylenedioxycinnamic  acid  is  reduced.  The  yield  of  phenolic 
acid  in  the  latter  case  is,  however,  much  greater  than  in  the  former. 

The  Wellcome  Chemical  Research  Laboratohies, 
London,  E.G. 


CCXLVIII. — An  Instance  Illustrating  the   Stability  of 
the   Four-Carbon  Ring. 

By  Arthur  Fred  Campbell  and  JoCelyn  Field  Thorpe. 

It  has  been  shown  by  Bone  and  Perkin  (Trans.,  1895,  67,  108) 
that  when  a  derivative  of  ryr/opropane  which  has  two  carbethoxy- 
groups  attached  to  the  same  carbon  atom  is  treated  with  the  sodium 
compound  of  ethyl  malonate,  condensation  ensues,  with  the 
formation  of  an  open-chain  ethyl  ester  in  the  following  way : 

^J^^-^c^cOjEt),  +  CHNa(C02Efc)2    — > 

'^  (COjEt)2CNa-CH2-CH,-CH(COjEt), 


i 
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This  reaction  has  been  made  use  of  by  us  for  the  preparation  of 
certain  open-chain  nitriles  (Trans.,  1909,  95,  697;  this  vol.,  1002), 
which  we  found  possessed  the  property  of  readily  passing  into 
iminoderivatives  of  ryc^opentane  when  treated  with  sodium 
ethoxide,  thus: 

ppr 

V^2^C(CN)-C0.2Et  +  CHNa(CN)-C02Et    — > 

'  C02Et'CNa(CN)-CH2-CH2-CH(CN)-C02Et    -^ 

"Wishing  to  prepare  the  open-chain  compound  containing  one 
more  methylene  group,  in  order  to  study  the  conditions  under 
which  it  passed  into  a  derivative  of  ci/doh.exa.ne,  we  decided  to 
apply  the  above  reaction  to  ethyl  l-cyanocyc?obutane-l-carboxylate, 
in  the  hope  that  the  following  reaction  would  ensue : 

CH2<^g2>C(CN)-C02Et  +  CHNa(CN)-C02Et  -^ 

C02EfCNa(CN)-CH,-CH,-CH2-CH(CN)-C02Et   -> 

CH2<CH:^"ti>C-^^H  +  CO(OEt).,  +  etc.. 

and  that  in  this  way  an  imino-derivative  of  ryc/ohexane  would  be 
formed.  We  found  that  this  condensation  jdelded  considerable 
[uantities  of  a  crystalline  substance  melting  at  111°,  which  possessed 
the  molecular  formula  C13H1SO4N2,  that  is  to  say,  it  seemed  to  be 
the  normal  open-chain  compound  of  the  formula : 

C0.3Et-CH(CN)-CH2-CH2-CH2-CH(CN)-CX)2Et. 
All  attempts,  however,  to  induce  it  to  react  with  sodium  ethoxide 
proved  unavailing,  and   we  consequently   decided  that  the   imino- 
derivatives of  the  six-membered  ring  could  not  be  produced  in  the 
same  manner  as  those  of  cycZopentane. 

Before  recording  this  fact,  we  subjected  the  open-chain  compound 
to  complete  hydrolysis  in  order  to  prove  its  constitution  by  the 
formation  of  pimelic  acid,  when  it  was  found  that  instead  of  this 
acid  the  product  consisted  of  cyc/obutane-l :  1-dicarboxylic  acid  and 
malonic  acid.  Subsequent  experiments  showed  conclusively  that  the 
c©ndensation  product  of  the  formula  CisHj^O^No  was  et/ii/l  ^-imino' 
a-ri/aiio-l-rarb(f/i<>ri/-$-cyc\ohutyl-l-propionate  (I),  and  that  it  had 
'been  formed  in  the  following  manner : 

CH,<^^>C(CN)-C02Et  -f-  CH2(CN)-C02Et    --> 

CH,<^,^2>C{CO,Et)-C(:NH)'CH(CN)-CX)2Et. 
(I.) 
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The  hydrolysis  had  evidently  therefore  taken  place  in  accordance 
with  the  equation : 

CH2<p^2>c(c02Et)-C(:NH)-CH(CN)-C02Et    — > 

CH2<^g2>c(C02H)2  +  CH2(C02H)2  +  etc. 


^CH 


■•2 

The  constitution  of  the  imino-compound  was  further  shown  by 
the  products  formed  from  it  on  partial  hydrolysis.  Thus,  with 
dilute  alkali  hydroxide,  it  yields  the  alkali  salt  of  ethyl  fi-imino- 
a-cyano-\-carhoxy-fi-cyc\ohutyl-\-'pTO'pionate,  from  which  the  free 
ethyl  hydrogen  salt  (II)  can  be  prepared  by  the  action  of  acids.  This 
substance  exists  in  two  well-defined  modifications,  which  melt  at 
75°  and  156°  respectively.  We  have  named  these  compounds  the 
a-  and  )3-forms  of  the  ethyl  hydrogen  salt,  as  we  have  been  unable  to 
determine  their  structural  relationship : 

CH2<^g2>c(C02H)-C(:NH)-CH(C]Sr)-C02Et. 

(11.) 

CH2<^g2>0H'C(:NH)-CH(CN)-C02Et. 

(in.) 

CH2<^g2>CH-C(OK):C(CN)-COEt. 

^  (IV.) 

Both  modifications  lose  carbon  dioxide  when  heated,  and  pass 
into  ethyl  fi-imino-a-cyano-fi-cyclobutylpropionate  (III),  a  tauto- 
mwic  amino-imino-compound,  which,  when  treated  with  potassium 
hydroxide,  passes  into  the  stable  potassium  salt  (IV).  When  a 
solution  of  this  potassium  salt  is  acidified,  ethyl  a-cyano-fi-cyc\o- 
hutylformylacetate  (V)  is  precipitated,  and  from  this  compound 
cycZobutanecarboxylic  acid  and  malonic  acid  can  be  prepared  by 
hydrolysis : 

CH2<^g=^>CH-CO-CH(CN)'C02Et    -^ 
(V.) 

CH2<^^'^>CH-C02H  +  CH2(C02H)2  +  etc. 

The  experiments  recorded  are  of  interest  as  showing  the  relative 
stability  of  the  ryr^opropane  and  cyr/obutane  rings  under  precisely 
similar  conditions.  The  subject  has  been  fully  discussed  by  Perkin 
and  Simonsen  in  two  recent  papers  (Trans.,  1907,  91,  816;  1909, 
95,  1166),  and  as  our  knowledge  of  these  compounds  increases,  it 
becomes   evident   that   any   generalisation    respecting  the   stability 
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and  ease  of  formation  of  the  alicyclic  systems  must  take  into 
account  not  merely  the  formation  of  the  rings  as  such,  but  also 
the  influence  exerted  by  the  groups  substituting  the  carbon  atoms 
composing  the  rings.  We  have  at  the  present  time  a  series  of 
experiments  in  progress  which  it  is  hoped  will  throw  further  light 
on  this  question. 

Experimental. 

Ethyl  l-Cyanocyclohutane-l-carboxylate, 

CH2<^g2>C(CN)-C02Efc. 

This  substance  was  originally  prepared  by  Carpenter  and  Perkin 
by  the  a<:tion  of  bromocyc?obutane  on  the  sodium  compound  of 
ethyl  cyanoacetate  (Trans.,  1899,  75,  930).  The  compound  pre- 
pared by  them  gave,  however,  figures  on  analysis  (C  =  58'59; 
H  =  704.  CgHjiOoN  requires  0  =  627;  H  =  7-2  per  cent.)  which 
clearly  showed,  as  they  remarked,  that  it  must  have  contained  nearly 
50  per  cent,  of  ethyl  cyanoacetate.  We  have  prepared  a  quantity 
of  this  mixture  in  the  manner  described  by  Carpenter  and  Perkin, 
and  find  that  it  is  quite  impossible,  even  by  repeated  fractionation, 
to  separate  the  cyclic  ester  from  ethyl  cyanoacetate,  which  always 
accompanies  it.  Recently  (this  vol.,  p.  1002),  we  had  occasion  to 
prepare  pure  ethyl  l-cyano<'yc/opropane-l-carboxylate,  and  found 
that  it  could  be  separated  from  ethyl  cyanoacetate  by  adding  the 
calculated  quantity  of  sodium  ethoxide  to  the  mixture  to  form 
the  sodium  derivative  of  ethyl  cyanoacetate,  and  then  by  adding 
water  to  £orra  the  soluble  sodium  salt  of  cyanoacetic  acid,  leaving 
the  pure  cyclic  ester  undissolved. 

We  have  now  applied  this  method  successfully  for  the  preparation 
of  pure  ethyl  l-cyanoryr/obutane-l-carboxylate  in  the  following 
way.  The  mixed  esters  prepared  by  Carpenter  and  Perkin 's  method 
were  fractionally  distilled,  and  the  fraction  boiling  at  214°  was 
analysed.  (Found,  0  =  5921.  CgHnC^N  requires  0  =  627. 
C;,H702N  requires  0  =  53'1  per  cent.)  The  mixture  therefore  con- 
tained approximately  37  per  cent,  of  ethyl  cyanoacetate.  One 
Imndred  grams  were  therefore  added  to  a  well-cooled  solution  of 
7  6  grams  of  sodium  in  100  grams  of  alcohol,  and  the  product  was 
diluted  with  water.  The  oil  which  then  separated  was  extracted  by 
ether,  and  the  residue  left  after  evaporating  the  dried  ethereal 
olution  was  distilled.  Pure  ithyl  \-cyanocyc\obutane-\-carhoxyIate 
IS  a  clear,  colourless  liquid,  boiling  at  218°/762  mm.: 

0-2119  gave  0-4856  OOo  and  01392  HoO.     0  =  6251;  H  =  7-3. 
CgHiiOsN  requires  0  =  62-7;  11  =  7*2  per  cent. 

VOL.  xcvii.  7   r 
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Ethyl  fi-Imino-a-cyano-l-carhethoxy-^-cyclohutyl-l-'pro'pionate, 
OH2<^]^2>C(C02Et)-q:NH)-CH(CN)-C02Et. 

This  substance  was  prepared  by  the  condensation  of  ethyl  sodio 
cyanoacetate  with  ethyl  1-cyanocyc^obutane-l-carboxylate  in  the 
following  manner,  2'3  Grams  of  sodium  were  dissolved  in  30  grams 
of  alcohol,  and  the  solution,  after  being  mixed  with  ll'S  grams 
of  ethyl  cyanoacetate,  was  treated  with  15' 3  grams  of  ethyl  1-cyano- 
cycZobutane-1-carboxylate,  and  the  whole  heated  on  the  water-bath 
for  three  hours.  At  the  end  of  this  time  the  dark-coloured, 
gelatinous  product  was  mixed  with  water,  and  after  the  solution 
had  been  rendered  faintly  acid  by  acetic  acid,  it  was  distilled  in  a 
current  of  steam  until  the  distillate  was  free  from  oil.  The  non- 
volatile residue,  which  solidified  on  cooling,  was  collected  and 
crystallised  from  alcohol,  from  which  solvent  it  separated  in  small, 
rectangular  plates,  melting  at  111°: 

0-1861  gave  0-4007  COg  and  0-1151  HgO.     C  =  58-7;  H  =  6-87. 

0-2012     „  18-0  c.c.  Na  at  9°  and  757  mm.     N  =  10-7. 
C13H18O4N2  requires  C  =  58-6;  H  =  6-8;  N  =  10-5  per  cent. 

If  the  mixture  of  ethyl  1-cyanocj/cZobutane-l-carboxylate  and 
ethyl  cyanoacetate  is  used  in  this  experiment  instead  of  the  pure 
cyclic  ester,  the  product  always  consists  of  the  above  cyclic  imino- 
compound  mixed  with  ethyl  )8-imino-a-cyanoglutarate, 

C02Et-CH2-C(:NH)-CH(CN)-C02Et, 
which  has  been  formed  by  the  condensation  of  ethyl  cyanoacetate 
with  its  sodium  derivative.  The  mixture  may  be  separated  by 
means  of  boiling  sodium  carbonate  solution,  which  hydrolyses  ethyl 
)8-imino-a-cyanoglutarate  to  the  sodium  salt  of  ethyl  hydrogen 
^-imino-a-cyanoglutarate,  and  leaves  the  cyclic  imino-compound 
unchanged. 


The  o-  and  fi-forms  of  Ethyl  $-Imino-a-cyano-l-carboxy-$-cyclobutyl- 


l-propionate,  CH2<Su2>CH(C02H)-C(:NH)'CH(CN)-C02Et. 


The  two  forms  of  this  ethyl  hydrogen  salt  are  produced  by  the 
action  of  potassium  hydroxide  on  ethyl  i8-imino-o-cyano-l-carbethoxy- 
)8-cyc/obuty  1-1 -propionate,  the  a-form  at  low  temperatures,  the 
jS-form  when  the  reaction  is  carried  out  at  the  temperature  of 
boiling  water.  The  conditions  found  most  suitable  for  their 
production  were  as  follows. 

a-Form.  —  Ethyl  )8-imino-a-cyano-l-carbethoxy-)8-cyc/obutyl-l -pro- 
pionate slowly  dissolves  when  shaken  with  a  solution  containing 
rather  more  than  the  calculated  quantity  of  potassium  hydroxide 
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dissolved  in  three  times  its  weight  of  water,  and  if,  when  all  has 
passed  into  solution,  hydrochloric  acid  is  cautiously  added  until 
an  acid  reaction  is  obtained,  an  oil  separates  which  solidifies  on 
being  scratched.  When  crystallised  from  warm  water,  this  form  of 
the  ethyl  hydrogen  salt  is  obtained  in  colourless  needles,  which  melt 
at  75°,  and  lose  carbon  dioxide  at  a  higher  temperature : 

0-1798  gave  0-3633  CO.  and  00927  HoO.     C  =  o5-l ;  H  =  5-72. 
CiiHi40^N.2  requires  C  =  55-4;   H  =  5'8  per  cent. 

The  o-f orm  is  very  unstable,  and  readily  gives  off  carbon  dioxide ; 
even  when  an  ac[ueous  solution  of  it  is  boiled,  considerable  decom- 
position ensues. 

$-Form. — Some  of  this  modification  always  accompanies  the 
a-form,  and  can  be  obtained  from  the  mother  liquors  employed  in 
its  recrystallisation.  It  can  be  prepared  as  chief  product  by  using 
the  following  conditions.  Ethyl  )3-imino-a-cyanol-carbethoxy- 
)8-cyf/obutyl-l-propionate  is  suspended  in  boiling  water,  and  rather 
more  than  the  calculated  quantity  of  aqueous  potassium  hydroxide 
added  to  the  hot  liquid.  The  ester  quickly  dissolves,  and  the 
solution  is  then  cooled  and  acidified,  when  crystals  separate  at  once. 
When  recrystallised  from  hot  water,  the  small  prisms  of  the  i8-form 
are  obtained,  which  melt  and  evolve  carbon  dioxide  at  156° : 

01790  gave  03649  CO^  and  0-0937  HgO.     C  =  55-6;  H  =  5-8. 
C11H14O4N2  requires  C  =  55-4;  H  =  5-8  per  cent. 

The  )8-form  of  the  ethyl  hydrogen  salt  is  very  stable,  and  can  be 
boiled  with  water  for  a  considerable  time  without  undergoing 
change.  The  alkali  salt  of  the  a-form  is  completely  transformed 
into  the  alkali  salt  of  the  )8-modification  when  its  aqueous  solution 
is  boiled,  but  the  reverse  change  could  not  be  effected. 

E t hyl    $-Imitw-a- cyano-fi-cyclob uti/lpropio note, 
CH2<^22>CH-C(NH)-CH(CN)-C02Et. 

This  substance  is  formed  when  either  the  o-  or  )8-form  of  ethvl 
iB-imino-a-cyano-l-carboxy-)8-cyc/obutyl-l-propionate  is  heated  until 
the  evolution  of  gas  has  ceased.  The  operation  is  conducted  in  a 
test-tube  heated  in  a  bath  of  sulphuric  acid,  and  when  all  carbon 
dioxide  has  been  evolved,  the  residue,  which  solidifies  on  cooling, 
is  crystallised  from  dilute  methyl  alcohol.  The  imino-compound 
forms  slender  needles,  which  melt  at  105° : 

0-1821  gave  04125  CO2  and  01203  HjO.     C  =  61-78;  H  =  7-34. 
CjoHi^OoN.  requires  C  =  61-9;  H  =  7-2  per  cent. 

Ethyl  fi-imino-a-cyano-fi-cyc\obutylpropionate  is  a  tautomeric 
imino-amino(ketimino-enamic)-derivative,  which  is  slowly  hydrolysed 

7  T  2 
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by  dilute  mineral  acid  to  the  corresponding  ketone.  It  is  also  readily 
hydrolysed  by  aqueous  alkali  hydroxides,  forming  the  stable  alkali 
salt  of  the  enolic  form  of  the  ketone. 


Ethyl  a-Ci/ano-$-cyclohutylfo7-777ylacetate, 
CH2<^^2>cH-CO-CH(CN)-C02Et. 

This  substance  can  be  prepared  by  the  action  of  dilute  sulphuric 
acid  on  the  last-named  imino-compound,  but  is  more  conveniently 
produced  by  the  action  of  aqueous  potassium  hydroxide.  Five 
grams  of  the  imino-compound  are  mixed  with  water,  and  slightly 
more  than  the  calculated  quantity  of  aqueous  potassium  hydroxide 
is  added.  The  imino-compound  rapidly  dissolves  when  the  solution 
is  warmed,  ammonia  being  evolved  at  the  same  time,  and  if,  when 
all  has  passed  into  solution,  it  is  rendered  acid  by  hydrochloric 
acid,  an  oil  is  precipitated  which  can  be  extracted  by  ether.  It  is 
advisable,  in  order  further  to  purify  the  ketone,  to  shake  the 
ethereal  solution  with  aqueous  sodium  carbonate,  and  then  to 
recover  the  ketone  by  acidifying  the  alkaline  extract  and  extracting 
it  again  with  ether.  Ethyl  a-cyano-fi-cyc\ohutylformylacetate  is  a 
colourless  oil,  which  boils  at  182°/25  mm.: 

0-2077  gave  0-4676  COg  and  0-1270  HgO.     C  =  61-41;  H  =  6-8. 
CioHjgOgN  requires  C  =  61-5;  H  =  6-7  per  cent. 

The  ester  dissolves  readily  in  aqueous  alkali  hydroxides  and  in 
solutions  of  alkaline  carbonates.  It  gives  an  intense  red  coloration 
in  alcoholic  solution  with  ferric  chloride. 

The  silver  salt  separates  as  a  microcrystalline  precipitate  when 
the  calculated  quantity  of  silver  nitrate  solution  is  added  to  a 
neutral  solution  of  the  ammonium  salt  of  the  ketone: 

0-2973  gave  0-1062  Ag.     Ag  =  35-72. 

CjoHjgOaNAg  requires  Ag  =  35-76  per  cent. 

The.  salt  rapidly  becomes  coloured  on  exposure  to  light. 

Formation  of  cycloButane-1 :  l-dicarhoxylic  Acid  and  Malonie  Arid 
from  Ethyl   fi-Imino-a-cyano-l-carbet?i,03ry-fi-cyc\obutyl-l-propionate. 

This  decomposition  was  effected  by  boiling  7  grams  of  the  imino- 
compound  with  20  per  cent,  sulphuric  acid  for  four  hours;  the 
resulting  clear  solution  was  then  distilled  in  a  current  of  steam 
until  the  odour  of  cyc/obutanecarboxylic  acid,  which  resembles  that 
of  isobutyric  acid,  ceased  to  be  apparent,  and  the  distillate  showed 
a  neutral  reaction.  The  non-volatile  residue  was  then  saturated 
with  ammonium  sulphate,  and  extracted  repeatedly  with  ether. 
The  dried   ethereal  extract,  on  evaporation,  left  a  residue  which 
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solidified.  This  was  found  to  consist  of  a  mixture  of  cycZobutane- 
1 :  l-dicarboxylic  acid  and  raalonic  acid,  and  was  separated  by 
treatment  with  concentrated  hydrochloric  acid,  in  which  the  cyclic 
acid  is  insoluble.  The  pure  acid  was  obtained  in  prisms,  melting 
and  decomposing  at  155°.  (Found,  C  =  49-98;  H  =  5-73.  Calc, 
C  =  500;  H  =  5-5  per  cent.) 

Malonic  acid  was  recovered  from  the  mother  liquors  used  in  the 
separation  of  the  above  acid  by  evaporating  them  to  dryness  and 
extracting  the  residue  with  ether.  It  was  characterised  by  its 
conversion  into  acetic  acid  on  distillation. 


Formation  of  cycXoButanecarhoxylic  Acid  and  Malonic  Acid  from 
Ethyl  a-Cyano-fi-cjc\ohntylformylacetate. 

Some  fyfZobutanecarboxylic  acid  is  formed  in  the  hydrolysis  just 
described,  and  can  be  recovered  from  the  steam  distillate.  The 
quantity  is,  however,  very  small,  being  only  about  3  per  cent,  of 
the  amount  of  imino-compound  hydrolysed.  The  cyclic  acid  can, 
however,  be  prepared  in  quantitative  yield  from  ethyl  o-cyano- 
/3-fyc/obutylformylacetat-e  in  the  following  manner.  Ten  grams  are 
boiled  with  20  per  cent,  sulphuric  acid  for  four  hours,  when  the 
acid  solution  is  distilled  in  a  current  of  steam  until  the  distillate 
ceases  to  be  acid.  The  distillate  is  then  saturated  with  ammonium 
sulphate  and  extracted  with  ether.  The  dried  ethereal  extract 
leaves  a  residue  on  evaporation  which  distils  at  191°,  and  possesses 
a  characteristic  odour  resembling  that  of  jsobutyric  acid.  The  acid 
was  converted  into  its  silver  salt,  which  crystallises  from  hot  water 
in  long  needles.     (Found,  Ag  =  52-3.     Calc,  Ag  =  52-2  per  cent.) 

The  non-volatile  portion  from  the  steam  distillate  was  saturated 
with  ammonium  sulphate  and  extracted  with  ether.  The  residue, 
on  evaporating  the  ether,  melted  at  132°,  and  was  proved  to  bo 
malonic  acid  by  converting  it  into  acetic  acid  by  distillation, 

Thf,  Sorry  RR.<:RARcn  Labokatory, 
The  University, 
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CCXLIX.—The     Wet    Oxidatioji   of  Metals.      Part    I. 
The  Rusting  of  Iron. 

By  Bertram   Lambert   (Goldsmiths'    Research    Student)    and 
James  Campbell  Thomson. 

The  work  of  Moody  (Trans.,  1906,  89,  720)  and  Friend  (Proc, 
1910,  26,  179)  would  seem  to  point  to  the  fact  that  ordinary 
''  commercial "  iron  can,  in  some  circumstances,  be  kept  for  a 
considerable  time  without  undergoing  visible  oxidation  in  contact 
with  water  and  air  freed  from  acid  gases,  such  as  carbon  dioxide. 

These  experiments  are  perhaps  generally  accepted  as  strong 
evidence  in  support  of  an  explanation  of  the  rusting  of  iron  which 
was  originally  put  forward  by  Crum  Brown  in  1888.  His  theory 
is  that  the  rusting  of  iron  is  due  primarily  to  the  interaction 
between  iron,  carbon  dioxide,  and  water,  with  the  formation  of 
ferrous  bicarbonate,  which  then  reacts  with  oxygen  to  form  ferric 
oxide. 

The  impurities  contained  in  the  best  commercial  iron  must,  from 
a  chemical  point  of  view,  be  regarded  as  considerable,  and,  in  the 
light  of  our  present  knowledge  of  the  great  modifications  capable 
of  being  produced  in  the  properties  of  substances  by  the  presence 
of  even  minute  traces  of  impurities,  it  cannot  be  contended  that 
experiments  with  impure  iron  afford  trustworthy  grounds  for  a 
satisfactory  theory  of  the  oxidation  of  iron. 

The  aim  of  the  present  investigation  was  to  bring  together,  under 
the  simplest  possible  conditions,  the  purest  obtainable  water, 
oxygen,  and  iron,  in  vessels  which  would  be  least  likely  to  be  acted 
on  by  any  of  these  substances. 

The  results  have  been  to  show  that  chemically  pure  iron  will 
not  undergo  visible  oxidation  even  after  long  exposure  to  pure 
water  and  pure  oxygen  in  vessels  made  of  clear  fused  silica. 
Further,  that  a  very  small  trace  of  impurity  in  the  iron  is  suificient 
to  cause  oxidation  under  exactly  the  same  conditions,  where  there 
is  not  the  remotest  chance  of  any  acid  substance  either  being 
present  or  being  formed  during  the  reaction. 

Description  of  Apparatus :  Preparation  of  Oxygen  and  Water. 

Oxygen. — The  oxygen  used  in  the  experiments  was  prepared  by 
the  electrolysis  of  a  solution  of  barium  hydroxide  in  "  conductivity  " 
water.  The  barium  hydroxide  was  purified  by  recrystallising 
twelve  times.      The  solution    was    electrolysed  betweea    platinum 
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plates  in  a  cell  A  (Fig,  1),  the  air  entering  the  reservoir  of  the  cell, 
owing  to  changes  of  pressure  during  the  electrolysis,  being  purified 
by  passing  through  tubes  containing  sulphuric  acid  and  soda-lime, 
as  shown  at  B.  The  oxygen  was  stored  in  a  series  of  flasks,  D,  of 
about  2  litres  capacity.  Before  reaching  the  storage  vessels,  the 
oxygen  wa3  passed  through  a  (J-tube  containing  lumps  of  pure 
sodium  hydroxide  to  remove  the  excess  of  aqueous  vapour.  This 
was  found  necessary  in  order  to  protect  the  lubrication  of  phosphoric 
acid  on  the  tap  E,  which  copnected  the  oxygen  storage  with  the 
rest  of  the  apparatus.  Even  vdth.  this  precaution,  it  was  found 
that  there  was  a  slight  leakage  round  this  tap  when  there  was  a 
high  vacuum  in  the  rest  of  the  apparatus.     This  was  prevented  by 


Fig.  1. 


introducing  a  mercury  trap  of  the  ''^ype  shown  in  the  figure  ai  F. 
(The  principle  of  this  trap  is  explained  later.) 

All  the  taps  were  mercury-sealed  and  lubricated  with  glacial 
phosphoric  acid. 

Water. — The  water  was  prepared  by  distillation,  in  a  vacuum, 
from  a  concentrated  solution  of  barium  hydroxide.  The  barium 
hydroxide,  purified  as  before,  was  dissolved  in  "  conductivity " 
water  in  the  flask  P,  which  was  separated  from  the  rest  of  the 
apparatus  by  a  thin  bulb,  .V,  sealed  into  a  wider  tube  connecting 
with  the  rest  of  the  apparatus,  as  shown  in  the  figure.  Connexion 
was  made  between  the  water  supply  and  the  rest  of  the  apparatus, 
at  the  proper  time,  by  causing  the  glass  rod  &t  M  to  drop  on  tho 
thin  bulb  .Y  and  break  it. 

The  air  in  contact  with  the  baryta  solution  was  removed  through 
the  sido-tube  0,  which  was  drawn  out  to  a  capillary  and  attached 
to  a  good  water-pump.  The  water  in  the  flask  was  then  boiled 
vigorously,  under  diminished  pressure,  for  two  or  three  hours,  the 
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capillary  being  sealed  while  the  water  was  boiling.     In  this  way 
all  but  the  smallest  traces  of  air  were  removed  from  the  flask. 

The  "  conductivity "  water  used  to  prepare  the  solutions  of 
barium  hydroxide  for  the  cell  A  and  the  flask  P  was  made  by 
Kohlrausch's  method  by  distillation  through  alkaline  and  acid 
solutions  of  potassium  permanganate.  It  was  condensed  in  a  block- 
tin  condenser,  and  collected  and  stored  in  a  large  Jena^glass  flask, 
with  arrangements  for  syphoning  off  and  for  protecting  it  from 
contact  with  impure  air,  as  used  by  Hartley,  Campbell,  and  Poole 
(Trans.,  1908,  93,  428).  Only  the  middle  portions  of  the  distillate 
were  used.  This  water  was  also  used  in  the  final  washing  of  all 
parts  of  the  apparatus  before  they  were  set  up. 

The  choice  of  the  kind  of  vessel  in  which  to  carry  out  the 
experiments  was  the  cause  of  much  difficulty.  It  was  finally  decided 
to  use  vessels  made  of  transparent  fused  silica  as  being  least  likely 
to  be  affected  by  either  water,  iron,  or  oxygen.  After  many  trials 
and  experiments,  a  simple  form  of  glass  vessel  was  devised,  which, 
with  a  tube  of  clear  fused  silica,  gave  all  the  advantages  of  an 
apparatus  made  entirely  of  silica,  since  the  water  which  collected 
in  the  silica  tube  and  came  in  contact  with  the  iron  must  have 
condensed  on  the  inside  of  the  silica  tube  itself.  The  silica  tubes 
were  about  8  cm.  in  length  and  1  cm.  in  diameter,  and  were  closed 
at  one  end. 

A  silica  tube  was  made  to  slide  loosely  into  an  outer  glass  vessel, 
of  the  shape  shown  at  V  in  the  figure,  and  to  be  so  supported  by 
the  lower  end  of  the  glass  vessel  that  the  open  end  of  the  tube 
and  half  its  length  were  not  in  contact  with  the  glass.  The  pure 
iron  (preparation  described  later)  was  put  into  the  silica  tube, 
which  was  then  placed  in  the  outer  glass  vessel;  the  glass  vessel 
was  then  closed  at  the  top  and  sealed  into  position  by  means  of  the 
side-tubes  connecting  with  the  oxygen  supply  and  the  water  supply, 
as  shown  in  the  figure.  These  side-tubes  were  drawn  out  to 
capillaries  in  order  to  facilitate  the  sealing  off  of  the  vessel  when 
the  experiment  was  finished.  (Three  or  four  such  vessels  were  used 
in  each  experiment,  and  were  sealed  on  in  parallel.) 

Between  the  vessel  V  and  the  water  supply  was  a  trap  L,  to  catch 
and  retain  any  water  which  condensed  before  reaching  this  point. 
Between  the  vessel  V  and  the  oxygen  supply  was  a  trap  K,  of  shape 
shown  in  the  figure,  the  use  of  which  is  explained  below,  and  a 
tube  H,  containing  glass-beads  covered  with  pure  gold-leaf.  This 
device  was  used  to  protect  the  vessel  containing  the  iron  from  con- 
tamination with  mercury  vapour,  for,  in  evacuating  the  apparatus, 
a  very  high  vacuum  was  obtained,  and  mercury  was  Qontained  both 
in  the  trap  F  and  in  the  pumps. 
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All  joints  in  the  apparatus  were  sealed  glass  joints,  and  no  rubber 
connexions  of  any  kind  were  used. 

All  the  glass  parts  of  the  apparatus  were  very  thoroughly  cleaned 
and  steamed,  at  intervals,  for  several  hours. 

The  silica  tubes  were  boiled  with  pure  concentrated  nitric  acid 
for  several  weeks,  and  were  afterwards  steamed  and  boiled  with 
constant  changes  of  freshly  made  conductivity  water  for  several 
days.     They  were  finally  heated  strongly  in  a  clear  blow-pipe  flame. 

The  whole  apparatus  was  connected,  beyond  the  tap  X,  with  a 
combined  Sprengel  and  Topler  pump  and  a  drying  tube  containing 
phosphoric  oxide. 

Method  of  Conducting  the  Experiment. — The  whole  apparatus 
between  the  bulb  K  (separating  the  water  supply)  and  the  tap  C 
was  evacuated.  The  tap  E  was  then  closed,  and  the  storage  vessels 
D  filled  with  oxygen  made  by  electrolysis  of  the  baryta  in  the  cell  A . 
The  capillary  at  G  was  sealed,  so  that  any  slight  leakage  of  oxygen 
round  the  tap  E  merely  served  to  push  up  the  mercury  in  the 
trap  F,  and  did  not  affect  the  vacuum  in  the  rest  of  the  apparatus. 
The  thin  bulb  3'  was  then  broken  by  causing  the  heavy  glass  rod  M 
to  fall  on  it.  It  was  usually  found  that  there  was  a  little  residual 
air  in  the  flask  P,  which  had  not  been  completely  removed  in  the 
boiling  off  process.  The  quantity  of  air  was  extremely  small,  and 
was  easily  removed  by  working  the  mercury  pumps  for  a  few 
minutes. 

The  flask  P  was  then  very  gently  heated  on  a  water-bath,  the 
temperature  never  being  raised  so  high  as  to  promote  rapid 
evaporation.  The  first  portions  of  water  were  caused  to  condense 
in  the  vessel  K  by  surrounding  it  with  ice.  When  the  water 
collected  in  E  reached  a  depth  of  about  12  cm.,  the  lower  end  of 
the  vessel  T'  was  cooled,  and  water  slowly  condensed  inside  the  silica 
tube  and  in  contact  with  the  iron.  The  water  collecting  in  the 
silica  tube  must  necessarily  have  condensed  only  on  silica;  any 
water  which  condensed  on  the  glass  vessel  supporting  the  silica  tube 
simply  running  down  and  collecting  outside  the  silica  tube. 

When  a  sufficient  quantity  of  water  had  been  obtained  in  contact 
with  the  iron,  the  capillary  to  the  right  of  V  was  sealed  off  by 
means  of  a  small  flame.  Oxygen  was  then  allowed  to  enter  the 
apparatus  by  slowly  opening  the  tap  E.  This  pure  oxygen,  before 
entering  V,  was  washed  by  passing  through  the  pure  water  collected 
in  the  trap  K  for  this  purpose,  llie  capillary  to  the  left  of  V  was 
then  sealed,  thus  leaving  the  iron  in  contact  with  pure  water  and 
pure  oxygen  in  a  sealed  vessel.  The  vessel  was  put  aside  for 
observation. 

Preparation  of  Pure  Iron. — The  material  employed  in  the  pre- 
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paration  of  pure  iron  was  a  pure  specimen  of  "  Kahlbaum  "  ferric 
chloride.  The  salt  was  found  to  be  free  from  sulphate,  arsenic, 
alkali,  or  alkaline  earth  metals.  A  solution  of  the  salt  was  made 
in  conductivity  water  and  electrolysed  between  electrodes  of  pure 
iridium  foil.  This  method  is  made  possible  by  the  fact  that  pure 
iridium  is  not  attacked  by  chlorine,  which  is  evolved  at  the  anode. 
The  metallic  iron  which  was  deposited  on  the  cathode  was  then 
thoroughly  washed  with  conductivity  water,  and  dissolved  in  pure 
dilute  nitric  acid.  This  solution  of  ferric  nitrate  in  excess  of  nitric 
acid  was  concentrated  on  the  water-bath,  and  the  salt  crystallised 
from  the  solution  in  concentrated  nitric  acid.  The  crystals  were 
separated  from  the  mother  liquor,  washed  with  pure  concentrated 
nitric  acid,  and  recrystallised  four  or  five  times  from  this  solvent. 
The  crystals  so  obtained  were  colourless,  or  white  when  seen  in  bulk. 
It  is  to  be  noticed  that  ferric  nitrate,  prepared  from  ordinary  pure 
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iron,  has,  when  seen  in  bulk,  a  pale  violet  colour  like  that  of  iron 
alum,  and  that  the  colour  cannot  be  removed  by  repeated  crys- 
tallisation from  pure  nitric  acid. 

The  ferric  nitrate  crystals  were  transferred  by  means  of  a  spatula 
of  iridium  foil  to  a  pure  iridium  boat.  The  boat  was  then  heated 
in  air  on  a  thick  tile,  so  that  the  flame  gases  did  not  come  in 
contact  with  it.  The  ferric  nitrate  was  thus  converted  into  the 
oxide  or  basic  nitrate.  The  boat  containing  the  flakes  of  oxide  was 
then  placed  into  a  transparent  silica  tube,  and  heated  in  an  electric 
resistance  furnace  to  a  bright  red  heat  (just  above  1000°),  while  a 
stream  of  pure  hydrogen  was  passed   through   the  tube.*     Fig.   2 

*  In  some  experiments  the  oxide  was  heated  in  a  stream  of  pure  oxygen  for  several 
hours  before  being  reduced,  in  order  to  remove  the  occluded  nitrogen  which  is 
contained  in  most  oxides  formed  from  nitrates.  This  operation,  however,  was 
found  to  be  unnecegsary,  since  the  properties  of  the  resulting  iron  were  exaiitly  the 
same  as  when  the  oxide  or  basic  nitrate  was  diiectly  reduced  in  hydrogen.     The 
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shows  the  arrangement  of  the  apparatus  for  this  operation.  The 
hydrogen  was  prepared  by  the  electrolysis  of  a  solution  of  pure 
barium  hydroxide.  The  figure  only  shows  half  the  electrolytic  cell, 
which  contains  two  pairs  of  large  platinum  electrodes  and  is  capable 
of  producing  a  steady  stream  of  hydrogen.  The  gas  was  passed 
through  a  [J -tube  containing  lumps  of  pure  sodium  hydroxide,  in 
order  to  remove  excess  of  water  vapour,  and  then  through  another 
IJ-tube  containing  tightly-packed  glass  wool. 

The  metallic  iron  so  obtained,  by  direct  reduction  of  the  flakes 
of  oxide  or  basic  nitrate,  had  a  distinct  metallic  lustre  and  a  light 
grey  colour.  If  the  flakes  of  oxide  were  ground  in  an  agate  mortar 
before  being  reduced,  the  iron  produced  by  reduction  was  light 
grey  in  colour,  but  had  little  or  no  lustre.  The  properties  of  the 
two  kinds  of  iron  were  the  same. 

The  Jena^glass  beakers  used  in  the  preparation  of  the  ferric 
nitrate  were  thoroughly  cleaned  and  boiled  out  for  several  weeks 
with  constant  changes  of  pure  concentrated  nitric  acid.  They  were 
also  steamed  out  at  intervals  for  several  hours.  The  same 
treatment  was  applied  to  a  Gooch  crucible,  which  was  used  for 
separating  and  washing  the  ferric  nitrate  crystals.  The  iridium 
boat  was  boiled  for  several  weeks  with  aqua  regia  and  then  with 
concentrated  nitric  acid ;  it  was  finally  heated  to  a  high  temperature 
in  a  stream  of  hydrogen  in  the  electric  resistance  furnace. 

The  nitric  acid  used  throughout  in  the  preparation  of  ferric 
nitrate  was  made  by  the  distillation,  under  diminished  pressure, 
of  a  pure  commercial  nitric  acid.  The  acid  was  distilled  twice,  the 
first  and  last  portions  of  the  distillate  being  discarded  in  both  cases. 

Fig.  3  shows  the  apparatus  which  was  used  for  the  distillation 
of  the  nitric  acid.  The  acid  was  introduced  into  the  distilling  flask 
A  by  means  of  the  side-tube  B,  which  was  then  sealed  off.  The 
connexions  between  distilling  flask,  condenser,  and  receiver  were 
sealed  joints.  Nitric  acid  distilled  under  low  pressure  is  very  liable 
to  froth  violently,  and  so  a  large  trap  was  introduced  at  C.  A  good 
water-pump  was  used  to  evacuate  the  apparatus  through  the  tap  D. 
The  acid  was  drawn  off  through  the  tube  E  by  cutting  off  a  small 
portion  of  the  capillary,  which  was  sealed  up  again  immediately 
afterwards.  After  this  apparatus  had  been  used  for  several  weeks 
and  the  surface  alkali  had  been  dissolved  from  the  glass,  the  nitric 
acid  obtained  was  very  pure,  and  50  c.c.  left  no  weighable  residue 
when   evaporated   to    dryness   on   the    water-bath.      The    product 

slight  surface  oxidation  undergone  by  the  iridium  did  not  seem  to  affect  the  iron. 
The  occhide4  nitrogen  was  undoubtedly  removed  by  heating  in  hydrogen  to  the 
high  temperature  of  the  furnace.  This  temperature  was  betweeu  the  melting  point 
of  silver  and  that  of  copper. 
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obtained  by  distilling  nitric  acid  from  a  platinum  retort  was  not 
nearly  so  good. 

It  is  to  be  noticed  that  throughout  the  preparation  of  pure  iron 
the  use  of  platinum  apparatus  was  avoided. 

Results  of  Experiment  and  Conclusions. 

It  was  found  that  pure  iron,  prepared  exactly  as  described  above, 
did  not  undergo  any  visible  oxidation  when  treated  with  pure  water 
and  pure  oxygen  in  vessels  made  of  clear  fused  silica,  and  that  there 
was  no  change  even  after  several  months. 

If,  however,  ferric  nitrate,  prepared  from  ordinary  pure  iron, 
was  used,  even  after  ten  recrystallisations,  and  iron  made  from  it 

Fig.  3. 


by  precisely  the  same  method,  the  iron  invariably  showed  signs  of 
oxidation  in  two  or  three  hours,  and,  after  twelve  hours,  there 
was  always  a  considerable  deposit  of  reddish-yellow  ferric  oxide  on 
parts  of  the  metal.  Oxidation  also  took  place  even  when  the  oxide 
prepared  from  the  nitrate  was  strongly  heated  in  a  stream  of  pure 
oxygen  for  several  hours  before  being  reduced  to  the  metal. 

It  is  impossible  that  iron  prepared  in  this  way  can  contain 
anything  more  than  a  very  slight  trace  of  impurity,  and  that 
impurity,  whatever  it  may  be,  cannot  be  of  such  a  nature  that  it 
is  acid,  or  will  give  an  acid  on  oxidation. 

Again,  if  platinum  vessels  were  used,  particularly  if  a  platinum 
boat  was  used  in  which  to  reduce  the  iron,  the  iron  produced  readily 
underwent  oxidation  in  two  or  three  hours,  and  oxidation  invariably 
took  place  at  those  parts  of  the  metal  which  had  been  heated  in 
contact  with  the  platinum  boat. 
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Richards  {Proc.  Amer.  Acad.,  1900,  35,  253),  in  his  work  on  the 
atomic  weight  of  iron,  prepared  iron  in  somewhat  the  same  way  as 
we  have  done,  but  he  distilled  the  nitric  acid  used  from  a  platinum 
retort,  and  employed  platinum  vessels  throughout  for  his  pre- 
paration. He  states  that  the  iron  always  contained  slight  traces 
of  platinum,  and  that,  when  it  was  dissolved  in  acids,  a  small  black 
speck  of  platinum  remained. 

This  small  trace  of  platinum,  which  may  be  merely  attached  to 
the  iron,  or  may  be  present  in  the  form  of  a  solid  solution,  would 
seem  to  be  enough  to  cause  oxidation  to  take  place. 

All  kinds  of  commercial  iron  which  were  used  readily  rusted 
under  the  same  conditions  of  experiment,  as  also  did  iron  made 
with  the  most  scrupulous  care  by  many  other  methods. 

A  specimen  of  commercial  electrolytic  sheet  iron  (99 "9  per  cent,  of 
iron),  which  had  been  polished  and  treated  with  a  1  per  cent, 
solution  of  chromic  acid  for  three  months,  and  afterwards  washed 
with  pure  water  and  quickly  dried,  readily  rusted  under  the  same 
conditions  of  experiment.  This  method  of  treating  ordinary  iron 
is  said  by  Moody  to  remove  the  impurities  from  the  surface  of  the 
iron.  It  seems  probable  that  other  reasons  must  be  sought  for 
the  non-rusting  of  the  commercial  iron  used  by  Moody  under  his 
precise  conditions  of  experiment. 

It  would  seem  to  be  proved  from  these  experiments  that  pure 
iron  will  not  undergo  visible  oxidation  in  contact  with  pure  water 
and  pure  oxygen,  but  that  a  small  trace  of  impurity  in  the  iron 
is  sufficient  to  cause  oxidation  under  exactly  the  same  conditions 
of  experiment,  even  if  this  impurity  be  not  of  an  acid  nature  or 
likely  to  produce  an  acid  during  the  reaction. 

Chfjiical  Depautmekt, 

Univek-sity  Mu-seum,  Oxfoud. 


CCL. — PiciKiration  of  Sectnidnry  A/nines  from  Carb- 
oxylic  Acids.  Part  I.  Preparation  of  Hepta- 
decylaniline,  Pentadecylaniline,  and  Tridccyl- 
aiiiliiic. 

By  Henry  Rondel  Le  Sceur. 

The  method  most  generally  employed  for  the  preparation  of 
secondary  amines  consists  in  the  interaction  of  an  alkyl  haloid 
compound  and  a  primary  amino.  A  serious  objection  to  this  method 
is    that     tertiary    amines   are    also  formed,    and     the    subsequent 
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separation  of  the  secondary  amines  from  these  is  a  matter  of  con- 
siderable difficulty.  Further,  this  method  necessitates  the  use  of 
alkyl  monohaloid  compounds,  and  these,  with  the  exception  of  the 
lower  members,  are  not  always  easy  to  prepare. 

The  method  which  is  now  brought  forward  for  the  preparation  of 
monoalkylanilines,  and  which,  so  far  as  can  be  ascertained,  is  new, 
is  free  from  these  two  objections,  as,  firstly,  owing  to  the  nature 
of  the  reaction,  there  is  no  possibility  of  the  formation  of  dialkyl- 
anilines,  and,  secondly,  the  entering  alkyl  group  results  directly 
from  an  acid,  and  acids  are  more  easily  obtained  than  any  other 
class  of  organic  compounds.  The  new  method  is  briefly  as  follows : 
(1)  the  a-anilino-acid  is  prepared  by  the  interaction  of  aniline  and 
the  o-bromo-acid,  (2)  the  a-anilino-acid  is  heated  to  considerably 
above  its  melting  point,  whereby  it  loses  carbon  dioxide,  and  a 
monoalkylaniline   results : 

CH3-[CH2]i5-CHBr-C02H  +  C6H5-NH2  = 

o-Broniostearic  acid. 

CH3-[CH2]i,-CH(NHPh)-C02H  +  HBr. 

o-Aniliuostearic  acid. 

CH3-[CH2]i5-CH(NHPh)-C02H  ^^^^f  CH3-[CH2]i5-CH2-NHPh  +  C02. 

Heptadecylaniline. 

In  the  three  cases  so  far  investigated,  and  which  form  the  subject 
of  this  communication,  the  yield  of  a-anilino-acid  was  more  than 
70  per  cent,  of  the  theoretical,  and  the  yield  of  alkylaniline  was 
also  more  than  70  per  cent,  of  that  theoretically  obtainable  from 
the  anilino-acid. 

a-Anilinostearic  acid,  o-anilinopalmitic  acid,  and  a-anilinomyristic 
acid  have  been  already  prepared  by  Hell  and  his  collaborators  (Ber., 
1889,  22,  1748;  1891,  24,  942,  2395),  who  obtained  these  compounds 
by  the  interaction  of  aniline  and  the  respective  o-bromo-acid  at 
180 — 185°.  Heating  to  180 — 185°  is  not  necessary,  and  is  to  be 
avoided,  as  at  this  high  temperature  there  is  a  likelihood  of  the 
anilino-acid  undergoing  decomposition,  and  also  of  the  formation  of 
an  anilide  and  of  an  a)3-unsaturated  acid,  the  latter  being  formed 
by  the  removal  of  hydrogen  bromide  from  the  o-bromo-acid  by  the 
aniline.  Heptadexylaniline,  CjyHgj'NH'CgHj,  'pentadecylaniline, 
CjjHgi'NH'CgHs,  and  tridecylanilirve,  CjgHgy'NH'CgHs,  are  colour- 
less solids,  which  melt  at  a  low  temperature,  and  are  readily  soluble 
in  most  of  the  common  organic  solvents.  Their  hydrochlorides  are 
insoluble  in  cold  water,  and  when  heated  with  this  liquid  they  melt 
and  undergo  almost  complete  hydrolysis  into  the  free  base  and 
hydrogen  chloride. 

The  author  is  now  engaged  in  the  investigation  of  the  application 
of  the  above  reaction   to  the  preparation  of   secondary  amines  in 


AMINES    FROM    CARBOXYLIC   ACIDS.      PART   1.  2435 

general,  and  more  particularly  of  monoalkylnaphthylamines  and 
other  monoalkylanilines,  and  from  the  results  so  far  obtained  it  is 
evident  that  this  method  is  not  limited  to  the  preparation  of  the 
higher  monoalkylanilines. 

Experimental. 
Preparation  of  a-AnUinostearic  Acid,  CigH33*CH(NHPh)'C02H. 

Thirty  grams  of  o-bromostearic  acid  (1  mol.)  and  an  equal  weight 
of  aniline  (4  mols.)  were  heated  together  in  a  flask  immersed  in 
boiling  water  for  thirteen  hours.  The  resulting  solid  was  thoroughly 
digested  with  excess  of  hot  dilute  hydrochloric  acid,  collected,  and 
washed  with  dilute  acid  and  water  to  remove  excess  of  aniline;  it 
was  then  dried  and  crystallised  from  a  mixture  of  alcohol  and  ethyl 
acetate,  when  23  grams  of  the  pure  acid  were  obtained.  (Found, 
C  =  76-54;  H  =  10-75j  N  =  3-91.  Calc,  C  =  76-80;  H  =  10-93; 
N  =  3-73  per  cent.) 

a-Anilinost€aric  acid  is  sparingly  soluble  in  alcohol,  acetone, 
benzene,  or  chloroform  in  the  cold,  but  dissolves  readily  on  heating. 
It  is  insoluble  in  water,  ether,  or  light  petroleum,  and  separates 
from  ethyl  acetate  in  nodular  aggregates,  melting  at  141 — 142°,  and 
not  at  84-5°,  as  stated  by  Hell  and  Sadomsky  (Ber.,  1891,  24, 
2395).  The  low  melting  point  given  by  Hell  and  Sadomsky  is 
obviously  not  in  agreement  with  the  value  to  be  expected  from 
analogy  to  other  similar  a-anilino-acids. 

Heptadecylaniline,  Ci7H35*NH*CeH5. 

Five  grams  of  o-anilinostearic  acid  were  placed  in  a  small  flask 
containing  a  thermometer,  the  bulb  of  which  dipped  into  the  sub- 
stance, and  the  whole  heated  in  a  metal-bath.  As  soon  as  the 
substance  was  melted,  the  temperature  was  raised  rapidly  to  about 
190°,  at  which  point  the  evolution  of  carbon  dioxide  commenced. 
The  temperature  was  then  raised  more  slowly  to  270 — 280°,  and 
the  heating  stopped  when  the  evolution  of  carbon  dioxide  had 
ceased.  The  evolution  of  carbon  dioxide  is  very  rapid  at  about 
220°,  and  there  is  no  evidence  of  charring  or  secondary  decom- 
position at  any  stage  of  the  heating,  which  for  5  grams  of  acid 
requires  about  fifteen  minutes.  The  product  resulting  from  20 
grams  of  anilino-acid,  heated  in  quantities  of  5  grams  at  one  time 
as  described  above,  was  distilled  under  50  mm.  pressure,  when  143 
grams  of  distillate,  boiling  between  295°  and  300°,  were  obtained. 
This  was  redistilled  under  35  mm.  pressure,  and  gave : 

Below  285° 2  3  grams. 

286—290'" 10-0      „ 

Undistillcd  residue  =  2*0  grams. 
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The  fraction  285 — 290°  readily  solidified  to  a  white  solid  melting 
at  41 — 42°,  and  consisted  therefore  of  the  pure  amine,  and,  as 
nearly  the  whole  of  the  fraction  distilled  at  285 — 286°,  this  tem- 
perature is  to  be  regarded  as  the  boiling  point  of  the  pure  substance. 
The  amine  was  also  purified  by  crystallisation  instead  of  fractional 
distillation,  in  which  case  the  method  adopted  was  as  follows.  The 
product  resulting  from  the  heating  of  the  anilino-acid  was  distilled 
in  a  vacuum  and  the  distillate  dissolved  in  ether,  the  ethereal 
solution  washed  with  a  solution  of  potassium  hydroxide,  dried  with 
solid  potassium  hydroxide,  and  the  residue  left  on  evaporation  of 
the  ether  crystallised  from  alcohol  until  its  melting  point  was 
constant.  This  alternative  method  of  purification  is  especially 
applicable  to  the  preparation  of  small  quantities  of  the  amine : 

0-1632  gave  0-5000  OO2  and  0-1836  HoO.     0  =  83*55 ;  H  =  12-50. 

0-2380     „     8-7  c.c.  Ng  (moist)  at  12°  and  770  mm,     N  =  4-40. 

C23H41N  requires  C  =  83-38;  H=  12-38;  N  =  4-23  per  cent. 

llcptadecylaiiiline  is  readily  soluble  in  ether,  benzene,  chloroform, 
acetone,  light  petroleum,  or  ethyl  acetate  in  the  cold,  sparingly  so  in 
cold  alcohol,  but  readily  so  on  warming,  and  crystallises  from  this 
solvent  in  large  plates,  which  soon  change  to  long  needles,  the  latter 
being  the  stable  crystalline  form.  Heptadecylaniline  melts  at 
42^3°,  and  boils  at  285— 286°/ 35  mm.  It  is  insoluble  in  hydro- 
chloric acid.  Taut  dissolves  readily  in  concentrated  sulphuric  acid. 

The  hydrochloride,  Ci7H35'NH'C6H5,HCl,  was  obtained  by  dis- 
solving 1-5  grams  of  the  amine  in  50  c.c.  of  ether,  and  passing  dry 
hydrogen  chloride  into  the  solution  until  saturated.  The  pre- 
cipitated hydrochloride  was  collected,  washed  with  ether,  dried,  and 
crystallised  from  light  petroleum  (b.  p.  60 — 80°),  when  it  was 
obtained  in  beautiful,  thin,  glistening  plates,  melting  at  99 — 100°. 
It  is  sparingly  soluble  in  alcohol,  ether,  acetone,  benzene,  or  light 
petroleum  in  the  cold,  and  readily  dissolves  in  cold  chloroform  or 
boiling  light  petroleum.  It  is  insoluble  in  cold  water ;  in  hot  water, 
however,  the  substance  melts,  but  does  not  dissolve,  and  the  aqueous 
liquid  acquires  a  strongly  acid  reaction.  02856  Gram,  suspended 
in  hot  water,  required  7-8  c.c.  iV^/10-NaOH  for  neutralisation  of  the 
aqueous  solution,  using  methyl-orange  as  indicator,  whereas  the  same 
weight  of  the  compound,  Ci7H3^*NH*C(jH5,HCl,  requires  7-8  c.c. 
iV710-NaOH. 

The  acetyl  derivative,  Ci7H35*N(CH3'CO)'C(}H5,  was  readily  pre- 
pared by  boiling  together  half  a  gram  of  the  amine  and  two  grams 
of  acetic  anhydride  for  one  and  a-half  hours.  The  excess  of  acetic 
anhydride  was  removed  by  allowing  the  product  to  remain  in  a 
vacuum  over  a  saturated  solution  of  potassium  hydroxide,  and  the 
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solid  residue  was  purified  by  crystalliaation   from  methyl  alcohol 
containing  a  small  quantity  of  water : 

0-1690  gave  5-9  c.c.  N^  (moist)  at  20°  and  750  mm.     N  =  3-94. 
C05H43ON  requires  N  =  3"75  per  cent. 

Acetoheptadecylanilide  is  readily  soluble  in  most  of  the  ordinary 
organic  solvents,  and  crystallises  from  methyl  alcohol  containing  a 
little  water  in  feathery  aggregates  of  slender  needles,  melting  at 
42—43°. 

The  nitrosoamine,  Ci7H3j*N(NO)*C6H5,  was  most  easily  obtained 
by  the  following  method,  which  gave  a  practically  theoretical  yield 
of  the  pure  substance.  I'S  Grams  of  the  amine  were  dissolved  in 
10  c.c.  of  concentrated  sulphuric  acid,  and  this  solution  added  drop 
by  drop  to  a  solution  of  3  grams  of  sodium  nitrite  in  80  c.c.  of 
water,  the  whole  being  vigorously  shaken,  and  more  (about  2  grams) 
sodium  nitrite  added  from  time  to  time.  The  resulting  solid  was 
collected,  washed,  dried,  and  crystallised  from  methyl  alcohol : 

0-1520  gave  10-5  c.c.  Ng  (moist)  at  18-5°  and  760  mm.     N  =  7-96. 
C23H40ON2  requires  N  =  7-78  per  cent. 

Fhenylheptadecylnitrosoamine  is  readily  soluble  in  ether,  chloro- 
form, benzene,  light  petroleum,  or  acetone  in  the  cold,  sparingly 
so  in  cold  methyl  alcohol,  but  dissolves  readily  on  heating,  and 
crystallises  from  this  solvent  in  light  fawn-coloured  plates,  melting 
at  53 — 54°.  A  small  quantity  of  the  nitrosoamine,  mixed  with  a 
little  phenol  and  warmed  with  concentrated  sulphuric  acid,  gave  a 
blue  solution,  which,  on  dilution,  gave  a  red,  opalescent  liquid, 
turning  blue  on  being  rendered  alkaline. 

Pre-paration  of  a-AnilinopalmUic  Acid. 

Thirty  grams  (1  mol.)  of  o-bromopalmitic  acid  and  an  equal 
weight  (3i  mols.)  of  aniline  were  heated  together  in  a  flask  immersed 
in  boiling  water  for  seven  hours,  and  the  resulting  product  was 
worked  up  as  described  for  the  preparation  of  o-anilinostearic  acid 
(p.  2435).  The  crude  acid  was  purified  by  crystallisation  from  a 
mixture  of  alcohol  and  ethyl  acetate,  and  was  obtained  in  nodules, 
melting  at  143 — 144°,  a  melting  point  which  agrees  with  that  given 
for  this  substance  by  Hell  and  Jordanoff  (^Ber.,  1891,  24,  942).  The 
yield  of  pure  acid  obtained  corresponded  with  80  per  cent,  of  the 
theoretical.     (Found,  N  =  4-09.     Calc,  N  =  403  per  cent.) 

PentadecylanUine,  CigHgf  NH'CoHj. 

The  a-anilinopalmitic  acid  was  heated  in  quantities  of  5  grams  in 
a  flask  immersed  in  a  metal-bath,  as  described  for  the  preparation  of 
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heptadecylaniline  (p.  2435).  The  evolution  of  carbon  dioxide  com- 
menced at  about  190°,  was  rapid  at  220°,  and  had  ceased  after 
fifteen  minutes'  heating,  the  temperature  having  risen  at  the  end 
of  that  time  to  280°.  The  product  resulting  from  29  grams  of 
anilino-acid  heated  as  described  above  was  distilled  under  40  mm. 
pressure,  when  the  following  fractions  were  obtained: 

Below  274° 2-8  grams.         I        290—340°  2-3  grams. 

274—290°  17-7      „  I        Undistilled  residue...     30      „ 

The  fraction  274 — 290°  was  redistilled  under  40  mm.  pressure, 
when  16  grams,  boiling  at  271 — 274°,  were  obtained,  which  solidified 
to  a  colourless  solid,  melting  at  32 — 33°,  and  consisted  of  the  pure 
amine.  The  fraction  boiling  below  274°  on  crystallisation  from 
alcohol  gave  1*6  grams  of  the  pure  substance.  The  total  weight  of 
pure  amine  obtained  from  29  grams  of  anilino-acid  was  17'6  grams, 
which  corresponds  with  a  70  per  cent,  yield  of  the  theoretical: 

0-1488  gave  0-4548  COg  and  0*1640  HgO.     0  =  83*35;  H  =  12-24. 

0-2164     „     8-8  c.c.  Ng  (moist)  at  18°  and  762  mm.     N  =  4-71. 
C21H37N  requires  C  =  83*17;  H  =  12-21;  N  =  4-62  per  cent. 

Pentadecylaniline  is  readily  soluble  in  ether,  benzene,  chloroform, 
acetone,  light  petroleum,  or  ethyl  acetate  in  the  cold,  is  sparingly 
soluble  in  cold  alcohol,  but  dissolves  readily  on  warming,  and 
crystallises  from  this  solvent  in  feathery  aggregates,  melting  at 
34 — 35°.  It  is  insoluble  in  hydrochloric  acid,  but  dissolves  readily 
in  concentrated  sulphuric  acid.  The  pure  amine  boils  at  271°/ 
40  mm. 

The  hydrochloride,  CisHgj'NH'CgHgjHCl,  was  readily  obtained 
by  passing  dry  hydrogen  chloride  into  a  solution  of  1  gram  of 
pentadecylaniline  in  30  c.c.  of  ether,  when  the  pure  hydrochloride 
soon  crystallised  in  glistening  plates,  which  melted  at  97"5°.  It  is 
insoluble  in  ether,  acetone,  benzene,  or  light  petroleum  in  the  cold, 
dissolves  readily  in  cold  chloroform  and  in  boiling  light  petroleum, 
from  which  it  Separates  in  glistening  plates  on  cooling.  It  is 
insoluble  in  water,  and  when  heated  with  this  solvent  it  melts  but 
does  not  dissolve,  the  water  acquiring  a  strongly  acid  reaction. 

02574  Gram,  suspended  in  hot  water,  required  7-50  c.c.  NjlO- 
NaOH  for  neutralisation,  using  methyl-orange  as  indicator,  whereas 
the  same  weight  of  the  compound  Ci5H8i*NH*CgH5,HCl  requires 
7-58  c.c.  i\^/10-NaOH. 

The  acetyl  derivative,  Ci5H3]*N(CH3*CO)'CeH5,  was  prepared  by 
boiling  1  gram  of  the  amine  with  4  grams  of  acetic  anhydride  for 
four  hours.  The  excess  of  anhydride  was  removed  by  allowing  the 
product  to  remain  in  a  vacuum  over  a  concentrated  solution  of 
potassium  hydroxide,  and  the  residue  crystallised  from  methyl 
alcohol  containing  a  very  little  water : 
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0-2008  gave  75  c.c.  No  (moist)  at  27-5°  and  766  mm.     N  =  4-14. 
C23H39ON  requires  N  =  406  per  cent. 

Acctopentadecylanilide  is  very  readily  soluble  in  all  the  common 
organic  solvents,  and  crystallises  from  methyl  alcohol  containing  a 
little  water  in  hair-like  needles,  melting  at  305 — 31*5°. 

The  nitrosoamine,  Ci5H3i-N(NO)'C6H5,  was  prepared  by  adding 
a  solution  of  1  gram  of  the  amine  in  8  c.c.  of  concentrated  sulphuric 
acid  to  a  dilute  solution  of  sodium  nitrite,  the  latter  being  kept 
in  considerable  excess,  as  described  for  the  preparation  of  the 
nitrosoamine  of  heptadecylaniline  (p.  2437).  The  crude  nitroso- 
amine was  purified  by  crystallisation  from  methyl  alcohol : 

0-1420  gave  10-2  c.c.  N,  (moist)  at  16°  and  768  mm.     N  =  8-46. 
CoiHggON,  requires   N  =  8-43  per   cent. 

Phenylpentadecr/lnitrosoamine  is  readily  soluble  in  ether,  chloro- 
form, light  petroleum,  acetone,  or  benzene  in  the  cold,  and  crystallises 
from  methyl  alcohol  in  glistening,  flat  needles,  which  melt  at  49°, 
and  have  a  light  fawn  colour.  A  small  quantity  of  the  nitrosoamine 
warmed  with  phenol  and  concentrated  sulphuric  acid  gave  a  deep 
blue  solution,  which,  on  dilution,  gave  a  red,  opalescent  liquid, 
turning  blue  on  being  rendered  alkaline. 

Preparation  of  a-Anilinomyristic  Acid. 

Thirty  grams  (1  mol.)  of  a-bromomyristic  acid  and  32  grams 
(3i  mols.)  of  aniline  were  heated  together  in  a  flask  immersed  in 
boiling  water  for  eight  hours.  The  product  was  worked  up  as 
described  for  the  preparation  of  o-anilinostearic  acid  (p.  2435),  and 
the  acid  purified  by  crystallisation  from  a  mixture  of  alcohol  and 
ethyl  acetate,  from  which  it  separated  in  nodular  aggregates  melting 
at  142—143°  (compare  Hell  and  Twerdoraedofif,  Ber.,  1889,  22, 
1748).     (Found,  N  =  4-79.     Calc,  N  =  4-39  per  cent.) 

Tridecylaniline,  Cj3H27*NH*CeH5. 

The  a-anilinomyristic  acid  was  heated  in  quantities  of  5  grams  in 
a  flask  immersed  in  a  metal-bath  exactly  as  described  for  the  pre- 
paration of  heptadecylaniline  and  pentadecylaniline  (pp.  2435, 
2437),  the  course  of  the  decomposition  being  similar  in  all  three 
cases.  The  product  resulting  from  the  action  of  heat  on  16  grams 
of  anilinomyristic  acid  was  distilled  under  35  mm.  pressure: 

240—24.5° few  drops  only.        I        260—280" 1-5  grams. 

248—255° 10-5  grams.  |        U ndistil led  residue ...     17      „ 

The  fraction  248 — 255°  was  redistilled  under  35  mm.  pressure, 

7  u  2 
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when  9-8  grams,  boiling  at  250 — 255°,  were  obtained,  which  solidified 
to  long,  flat  needles,  melting  at  23 — 24°.  This  corresponds  with  a 
71  per  cent,  yield  of  the  theoretical.  A  portion  boiling  at  251° 
was  collected  separately  for  analysis: 

0-1512  gave  0-4582  CO2  and  0-1632  HgO.     C  =  82-65;  H  =  11-99. 
0-2052     „     9-6  c.c.  N2  (moist)  at  15°  and  766  mm.     N  =  5-52. 
C19H33N  requires  c"=82-91;  H  =  12-00;  N  =  5-09  per  cent. 

TridecylanUine  is  readily  soluble  in  alcohol,  ether,  benzene, 
chloroform,  acetone,  or  light  petroleum,  and  crystallises  from 
rectified  methyl  alcohol  in  long  needles,  melting  at  23 — 24°.  It 
is  insoluble  in  water  or  hydrochloric  acid,  but  dissolves  readily  in 
concentrated  sulphuric  acid.     It   boils   at  251°/35  mm. 

The  hydrochloride,  Ci3H27*NH'CgH5,HCl,  was  prepared  by  passing 
dry  hydrogen  chloride  into  a  solution  of  1-5  grams  of  the  amine 
in  50  c.c.  ether  until  saturated.  Light  petroleum  was  then  added 
to  the  ethereal  solution,  and  the  ether  evaporated,  when,  on  allowing 
the  resulting  solution  to  cool,  the  hydrochloride  separated  in 
glistening  thin  plates.  It  is  readily  soluble  in  alcohol,  chloroform, 
or  benzene  in  the  cold,  is  insoluble  in  cold  acetone  or  ether,  and 
crystallises  from  light  petroleum  (b.  p.  60 — 80°)  in  glistening,  thin 
plates,  melting  at  94-5 — 95-5°.  When  heated  with  water,  it  melts 
but  does  not  dissolve,  and  the  water  becomes  strongly  acid. 

O-3O6O  Gram,  suspended  in  hot  water,  required  9-8  c.c.  NjlO- 
NaOH,  using  methyl-orange  as  indicator,  whereas  this  amount  of 
the  compound  Ci3H27-NH-C6Hg,HCl  requires  98  c.c.  i\^/19-NaOH. 

The  acetyl  derivative,  Ci3H27*N(CH3*CO)'C6H5,  was  prepared  by 
the  interaction  of  the  amine  and  acetic  anhydride,  as  described  for 
the  preparation  of  the  other  acetyl  derivatives: 

0-1852  gave  7-6  c.c.  N,  (moist)  at  15°  and  756  mm.     N  =  4-77. 
C21H35ON  requires  N  =  4-41   per  cent. 

Acetotridecylanilide  is  readily  soluble  in  all  the  common  organic 
solvents,  and  crystallises  from  its  solution  in  dilute  methyl  alcohol 
when  cooled  in  a  mixture  of  ice  and  salt,  in  flat  needles,  melting  at 
31—32°. 

The  nitrosoamine,  Cj3H27'N(NO)*C(;H5,  prepared  in  a  manner 
similar  to  the  other  two  nitrosoamines,  was  crystallised  from  methyl 
alcohol : 

01520  gave  12-5  c.c.  No  (moist)  at  195°  and  769  mm.     N==9-41. 
CjgHg^ONg  requires  N  =  9-21  per  cent. 

I'henyltridecylnitrosoamine  is  readily  soluble  in  chloroform,  ether, 
light  petroleum,  or  benzene  in  the  cold,  sparingly  so  in  cold  alcohol, 
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and  crystallises  from  methyl  alcohol  in  fawn-coloured,  glistening 
plates,  melting  at  39 — 40°.  It  gives  a  well-marked  Liebermann's 
reaction,  the  colour  changes  being  similar  to  those  given  by  the 
other  two  nitrosoamines. 

Chemical  Labobatory, 

St.  Thomas's  Hospital, 
London,  S.E. 


CCLI. — The  Reduction  of  Chlwic  Acid. 

,  By   Raxph   Roscoe  Enfield. 

The  reduction  of  chlorates  or  of  chloric  acid  has  been  the  subject 
of  a  considerable  number  of  investigations.  In  general,  it  has 
been  found  that  a  chlorate,  such  as  potassium  chlorate,  is  readily 
reduced  by  zinc  and  sulphuric  acid,  but  according  to  Tommasi 
(Compt  rend.,  1903,  136,  1005)  the  salt  is  not  reduced  by  sodium 
amalgam  in  acid,  alkaline,  or  neutral  solutions,  whilst,  according 
to  Hendrixson  (/.  Amer.  Chem.  Soc,  1904,  26,  747),  the  same 
agent  has  a  slight  reducing  action. 

Experiments  performed  in  repetition  of  this  work  showed  that 
in  presence  of  excess  of  a  strong  acid  the  chlorate  was  readily 
reduced  by  sodium  amalgam,  whilst  even  in  alkaline  solution 
reduction  could  be  brought  about  by  the  introduction  of  other 
metals,  such  as  platinum,  copper,  iron,  etc.  In  the  latter  case  the 
effect  of  addition  of  one  of  the  metals  may  be  regarded  as  being 
due  to  its  influence  on  the  electric  potential  of  the  hydrogen  evolved. 
The  values  of  the  E.M.F.  were  determined  of  a  cell  containing  a 
solution  of  potassium  chlorate,  in  which  sodium  amalgam  was  used 
as  the  anode,  and  a  series  of  other  metals  as  cathode,  and  the 
metals  tabulated  in  the  order  of  the  numbers  obtained,  namelv, 
platinum,  copper,  iron,  nickel,  lead,  zinc,  mercury.  It  was  found 
that  potassium  chlorate  was  reduced  when  a  cathode  giving  a  high 
value  of  the  E.M.F.  was  used,  whilst  reduction  did  not  take  place 
when  the  latter  fell  below  a  certain  value. 

In  alkaline  solution  therefore  reduction  appears  to  depend  on 
the  activity  of  the  hydrc^en  used  as  measured  in  terms  of  electric 
potential,  a  result  which  is  in  agreement  with  those  of  Tafel 
(Zritsch.  yhyaikal.  Chem.,  1900,  34,  187)  and  others. 

In  acid  solution,  however,  the  conditions  are  more  complex,  and 
other  factors  than  the  activity  of  the  hydrogen  are  involved.  By 
addition   of   excess  of   sulphuric  acid  to  a   solution    of  potassium 
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chlorate,  reduction  is  easily  effected  with  sodium  amalgam.  If,  on 
the  other  hand,  a  dilute  solution  of  chloric  acid  prepared  by  the 
action  of  sulphuric  acid  on  barium  chlorate,  and  free  from  any 
other  acid,  is  acted  on  by  sodium  amalgam,  reduction  is  not  effected, 
whilst  in  the  presence  of  other  strong  acids  reduction  takes  place. 
Similar  results  were  obtained  by  employing  other  reducing  agents ; 
methyl  alcohol,  for  example,  gave  no  reduction  after  being  left  in 
contact  with  •  a  dilute  solution  of  chloric  acid  for  a  fortnight, 
although  in  the  presence  of  sulphuric  acid  reduction  was  readily 
effected.  Similarly,  Burchard  (Zeitsch.  phi/sikal.  Chem.,  1888,  2, 
823)  has  shown  that  mixed  dilute  solutions  {N/50  or  iV^/100)  of 
chloric  and  hydriodic  acids  produce  no  iodine  after  keeping  for 
several  days.  The  case  is  therefore  one  of  some  complexity,  and 
it  is  evident  that  the  presence  and  concentration  of  hydrogen  ions 
is  an  important  factor  in  the  reaction.  The  following  experiments 
were  undertaken  with  a  view  to  the  elucidation  of  this  point. 

The  question  of  the  interaction  of  chloric  acid  in  a  solution  con- 
taining some  oxidisable  substance  has  been  the  subject  of  a  number 
of  investigations.  Burchard  (loc.  cit.)  investigated  the  action  of 
chloric,  bromic,  and  iodic  acids  on  hydriodic  acid.  He  found  that 
the  reaction  with  chloric  acid  was  very  much  slower  than  in  the 
case  of  the  other  two  acids,  and  that  in  order  that  it  should  proceed 
with  a  sufficient  velocity  it  was  necessary  that  the  solutions  should 
be  so  concentrated  and  the  time  of  action  so  long  that  the  exact 
nature  of  the  reaction  could  not  be  determined.  The  presence  of 
other  acids  in  these  reactions  which  did  not  take  part  in  the 
reaction  was  found  to  have  an  accelerative  effect  in  proportion  to 
the  "  strengths  "  of  the  acids. 

Pendlebury  and  Seward  {Proc.  Roy.  Soc,  1889,  45,  396)  investi- 
gated the  reaction  between  chloric,  hydrochloric,  and  hydriodic 
acids.  They  found  that  dilute  solutions  of  chloric  and  hydrochloric 
acids,  when  mixed  together,  slowly  evolve  chlorine  and  oxides  of 
chlorine,  that  the  rate  varies  with  the  quantity  of  chloric  acid  in 
the  first  place  directly,  as  it  is  the  substance  decomposed,  and  in 
the  second  place  with  a  small  acceleration  proportional  to  the 
quantity.  Further,  variation  in  the  quantity  of  hydrochloric  acid 
has  an  effect  (1)  of  a  secondary  order  as  above,  namely,  accelerative, 
and  (2)  an  effect  both  primary  and  secondary  on  the  decomposition 
of  chloric  acid  by  hydrochloric  acid. 

Schlundt  (Amer.  Chem.  J.,  1895,  17,  754)  showed  that  in 
the  reaction  between  potassium  chlorate,  potassium  iodide,  and 
hydrochloric  acid,  the  effect  of  increase  of  concentration  of 
I^otassium  iodide  was  about  the  same  as  an  equivalent  increase  in 
concentration  of  potassium  chlorate,  but  increase  of  the  acid  caused 
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a  greater  increase  in  velocity.  He  further  investigated  the  influence 
of  other  acids,  and  found  that  they  exerted  an  accelerative  influence 
in  the  order :   hydrobromic,  hydrochloric,  nitric,  and  sulphuric. 

Bray  (/.  Physical  Ghem.,  1903,  7,  92)  found  that  the  rate  at 
which  iodine  is  liberated  from  a  mixture  of  potassium  chlorate, 
potassium  chloride,  potassium  iodide,  and  hydrochloric  acid  is  pro- 
portional to  the  concentration  of  the  chlorate  and  to  the  square 
of  the  concentration  of  hydrogen  ions,  and  is  a  linear  function  of 
the  concentration  of  chlorine  and  of  potassium  iodide;  this  corre- 
sponds with  the  equations : 

CIO3  -f  CI  +  2H  =  CIO2H  +  ClOH, 
CIO3  + 1  -f  2H  =  CIO2H  +  lOH, 
followed  by  instantaneous  oxidation  of  the  hydriodic  acid  by  their 
products. 

A  similar  investigation  was  made  by  Sand  {Zeitsch.  'physikal. 
Chem.,  1904,  50,  465),  who  measured  the  rate  of  liberation  of 
chlorine  from  a  mixture  of  potassium  chlorate  and  hydrochloric  acid 
at  70°,  and  found  the  reaction  to  be  quinquemolecular,  correspond- 
ing with   the  equation : 

CIO3  -f  2H  -f  2C1  =  CIO  -f  2H0C1, 
the  hypochlorous  acid  then  reacting  instantaneously  with  hydro- 
chloric acid  to  produce  chlorine.  On  the  other  hand,  Luther  and 
McDougal  (Zeitsch.  physikal.  Chem.,  1906,  55,  477)  find  that  the 
reaction  velocity  of  a  mixture  of  chloric  and  hydrochloric  acids  is 
inversely  proportional  to  the  square  root  of  the  concentration  of 
chlorine,  and  consider  that  the   reaction : 

CIO3  +  2H  +  CI  =  CIO2  +  ICL2  +  H2O 
is  involved. 

It  is  evident  from  the  above  that  the  decomposition  of  chloric 
acid  is  not  of  a  simple  nature,  especially  in  view,  also,  of  the 
unsatisfactory  results  obtained  when  it  is  attempted  to  apply  the 
ordinary  equations  for  the  order  of  reactions  to  this  decomposition. 

In  this  it  is  analogous  to  the  case  of  bromic  acid  investigated 
by  Ostwald,  Meyerh offer,    and  others. 

It  seemed  probable  to  the  author  of  the  present  communication 
that  the  complexity  of  these  reactions  was  due  to  the  nature  of 
the  accelerative  influence  of  the  acid,  other  than  chloric,  present 
in  solution.  Consideration  of  some  of  the  preliminary  experiments 
quoted  above  led  to  the  hypothesis  that  the  reduction  of 
chloric  acid  might  involve  the  decomposition  of  the  non-ionised 
molecule  of  chloric  acid  as  the  first  stage  of  the  reaction.  If  this 
were  the  case,  addition  of  a  second  acid  should  increase  the  velocity 
of  reduction  of  chloric  acid  by  suppressing  its  ionisation,  and  con- 
sequently increasing  the  concentration  of  non-ionised  chloric  acid. 
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It  was  shown  by  Burchard  and  by  Schlundt  that  the  effect  of 
adding  acids,  such  as  sulphuric  and  nitric,  was  to  stimulate  the 
reaction  in  the  order  of  the  strengths  of  the  acids.  In  view  of 
the  considerations  just  mentioned,  such  stimulating  effect  may 
be  due  (1)  to  the  mass-action  of  the  second  acid  in  suppressing  the 
ionisation  of  the  chloric  acid,  or  (2)  to  the  purely  catalytic  influence 
of  the  hydrogen  ions,  the  concentration  of  which  is  increased  by 
addition  of  the  second  acid,  or  (3)  to  both.  Moreover,  when 
hydrochloric  acid  is  the  second  acid  employed,  and  the  solutions 
are  moderately  concentrated,  the  conditions  are  still  further  com- 
plicated, since  the  hydrochloric  acid  has  apparently  both  a  primary 
influence  (that  is,  it  takes  part  directly  in  the  decomposition  of 
the  chloric  acid)  and  a  secondary  (catalytic)  influence. 

The  following  experiments  on  the  velocity  of  reduction  of  chloric 
acid  were  made  with  the  view  of  elucidating  the  nature  of  the 
stimulating  effect  of  the  second  acid.  Considerable  difficulty  was 
experienced  in  finding  a  suitable  reaction  owing  to  the  extreme 
slowness  of  the  decomposition,  chloric  acid  being  very  much  more 
stable  than  bromic  acid  at  the  same  concentrations,  and  for  this 
reason  it  was  found  impossible  to  use  the  reaction  with  hydriodic 
acid,  which  has  been  much  investigated  in  the  case  of  bromic  acid, 
and  which  otherwise  would  have  been  comparatively  easy  to 
measure. 

Experimental. 

Preliminary  experiments  were  made  on  the  reduction  of  chloric 
acid  with  methyl  alcohol  in  the  presence  of  silver  nitrate  and  a 
second  acid,  and  determining  the  extent  of  the  reaction  by  weighing 
the  silver  chloride  formed.  Experiments  were  made  in  which  the 
strength  of  the  second  acid  was  varied,  and  it  was  found  that  the 
velocity  of  reduction  increased  with  increase  of  the  concentration  of 
the  second  acid  added,  and  that  the  accelerating  influence  of  the 
acids  was  in  the  order  of  their  strengths. 

It  was  therefore  attempted  to  establish  a  numerical  relation 
between  the  acceleration  due  to  the  acid  added  and  its  affinity- 
constant,  by  measuring  the  velocity  of  reduction  of  chloric  acid  in 
presence  of  various  accelerating  acids. 

In  the  following  experiments,  two  reactions  were  measured,  one 
in  comparatively  concentrated  solutions  (normal)  and  at  com- 
paratively high  temperature  (35°),  and  the  other  at  lower  con- 
centrations and  temperature  (decinormal  and  25°).  In  both  cases 
it  was  found  that  the  measurement  of  the  reaction  was  a  matter 
of  considerable  difficulty,  and  that  therefore  a  high  degree  of 
accuracy  was  impossible,  but  it  was  hoped  that  the  results  would  b© 
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such  as  to  indicate  a  definite  relation  between  the  acceleration  and 
"  strengths  "  of  the  acids. 

The  first  reaction  was  that  of  chloric  acid  and  methyl  alcohol,  and 
was  conducted  in  the  following  manner. 

A  mixture  of  20  c.c.  of  T-chloric  acid,  10  c.c.  of  methyl  alcohol, 
and  70  c.c.  of  3'-acid  was  placed  in  a  tube  which  was  kept  in  a 
thermostat  at  35°.  From  this,  10  c.c.  were  withdrawn  every 
twenty-four  hours,  neutralised  with  chalk,  filtered,  washed,  and 
the  filtrate  titrated  with  3'/100-silver  nitrate  solution.  Two  experi- 
ments were  made  for  each  acid,  ajid  the  mean  of  the  two  readings 
was  taken. 

A  blank  experiment  was  then  made  in  which  the  catalysing  acid 
was  replaced  by  water,  and  the  velocity  of  the  reaction  was  found 
to  be  practically  zero.  The  following  table  gives  the  readings  for 
the  four  acids,  nitric,  sulphuric,  benzenesulphonic,  and  oxalic 
(assuming  in  the  latter  case  that  the  oxalic  and  chloric  acids  do 
not  interact  under  these  conditions),  where  a:  =  the  amount  of 
reaction  in  terms  of  O'l  c.c.  T/100-silver  nitrate,  being  in  each  case 
the  mean  of  two  readings,  and  the  time  is  given  in  days. 


Nitric  At 

'id 

SiUphuric 

Acid. 

Time. 

X. 

Acceleration . 

Time. 

X. 

Acceleration. 

1 

29-5 

— 

1 

17-5 

— 

2 

54-5 

25-0 

2 

28-0 

10-5 

3 

77-5 

24-0 

3 

3a-5 

10-5 

4 

100-0 

23-5 

4 

48-0 

101 

5 

128  0 

24-6 

5 

57  0 

9-9 

6 

1520 

24-5 

6 

68-0 

10-1 

8 


201-5 


24-5 


Mean  acceleration  (HNO3  =  100),  100. 


89  0 


10-2 


Mean  acceleration  (HNO3  =  100),  42. 


Benzenesv  Iphonic 

Acid. 

Oxalic  Acid 

Time.                x. 

Acceleration. 

Time. 

X. 

Acceleration. 

1 

19 

— 

1 

6 



2 

33 

14-0 

2 

8 

2  0 

3 

43 

12  0 

3 

8 

1-0 

4 

59 

13-3 

4 

13 

2-3 

5 

72 

13-2 

5 

13 

1-8 

6 

— 

— 

6 

14 

1-6 

7 

94 

12-5 

7 

20 

2  8 

Mean 

acceleration  (HNO 

=  100).  53. 

8 

21 

2-1 

Mean  acceleration  (HNO3  =  100),  7'8 

In  the  blank  experiment,  without  addition  of  acid,  it  was  found 
that  after  thirteen  days  the  amount  of  reaction  was  equivalent 
to  Oo  c.c.  T/lOO-silver  nitrate  solution,  and  therefore  in  calculating 
the  accelerations  due  to  the  presence  of  the  above  acids  at  any 
time  it  was  assumed  that  the  corresponding  amount  of  action  in  the 
blank  experiment  was  negligible.  The  "  acceleration  "  may  be 
regarded  therefore  as  equivalent  to  the  velocity  in  each  case.     The 
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values  of  the  acceleration  at  any  particular  time  were  found  by 
subtracting  from  the  amount  of  reaction  which  had  taken  place 
at  the  end  of  that  time,  the  corresponding  amount  at  the  end  of 
the  first  day,  and  dividing  by  the  time.  The  amount  of  reaction 
taking  place  during  the  first  day  was  neglected  owing  to  the 
unavoidable  presence  of  a  trace  of  chloride  at  the  beginning  of 
the  experiment. 

The  acceleration  constants  thus  obtained  are  in  the  order  of 
the  strengths  of  the  acids  used,  although  not  numerically  com- 
parable with  the  affinity-constants.  Close  agreement,  however,  was 
not  to  be  expected,  owing  to  the  conditions  of  concentration  and 
high  temperature  used.  It  was  found  impossible  to  obtain  satisfac- 
tory results  with  other  acids,  owing  in  some  cases  to  the  conditions 
of  experiment,  and  in  others  to  the  reaction  being  too  slow  to 
measure. 

The  second  reaction  studied  was  that  of  chloric  acid  and  ferrous 
sulphate,  which  took  place  in  decinormal  solution  with  sufficient 
rapidity  at  25°  to  be  conveniently  measured.  The  experiment 
tube  contained  a  mixture  of  20  c.c.  of  iV/10-chloric  acid,  20  c.c.  of 
iV^/5-ferrous  sulphate  solution,  and  60  c.c.  of  iV/10-acid.  After 
mixing,  10  c.c.  were  withdrawn  and  titrated  with  potassium  per- 
manganate, the  titration  repeated,  the  experiment  tube  containing 
the  mixture  placed  in  a  thermostat  at  25°,  and  the  time  noted. 
After  a  period  of  forty-five  minutes,  10  c.c.  were  withdrawn  and 
titrated.  The  reading  was  repeated,  and  the  mean  value  recorded. 
Some  difficulty  was  experienced  in  obtaining  a  good  end-point  in 
the  permanganate  titration  owing  to  the  presence  of  a  small 
quantity  of  hydrochloric  acid  produced  by  the  reduction  of  the 
chloric  acid.  It  was  attempted  to  use  a  large  excess  of  manganese 
sulphate,  but  extreme  difficulty  was  experienced  in  judging  the 
colour  in  presence  of  the  solution  of  this  salt,  and  it  was  finally 
found  more  accurate  to  dilute  the  solution  largely  with  water 
and  to  titrate  in  a  porcelain  dish,  judging  the  colour  by  looking 
through  a  depth  of  the  liquid. 

The  solution  of  chloric  acid  was  prepared  as  before  by  the  action 
of  sulphuric  acid  on  barium  chlorate,  the  barium  sulphate  being 
removed  by  filtration.  The  solution  was  tested  for  excess  of  sulphate 
or  barium,  and  then  standardised  with  i\^-potassium  hydroxide. 
The  ferrous  sulphate  was  prepared  by  dissolving  pure  crystals  of 
the  salt  in  water  free  from  air,  the  solution  being  kept  out  of 
contact  with  air  under  a  layer  of  benzene. 

A  blank  experiment  was  made  in  which  the  accelerating  acid 
was  replaced  by  water,  and  the  acceleration  due  to  each  acid  was 
found  by    subtracting  the  amount  of    reaction  which    had    taken 
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place  in  time  T  in  the  blank  experiment  from  the  corresponding 
amount  in  each  of  the  "  acid "  experiments.  The  results  -svere 
tabulated,  and  the  acceleration  constants  reduced  to  HC1  =  100. 
The  results  obtained  were  as  follows,  where  4=  original  con- 
centration of  ferrous  sulphate  in  terms  of  O'l  c.c.  iV/100-per- 
manganate,  and  is  the  mean  of  two  readings,  and  x^,  x^  are  the 
readings  for  the  concentration  after  time  T,  X  being  the  mean; 
r  =  forty-five  minutes. 


Acid. 
No  acid     

A. 
...     426-5 

375 

248 
245 
265 
279 
257 
265 
328 
362 

376 
247 
247 
266 
286 
256 
265 
329 
360 

375-5 
247-5 
246-0 
265-5 
282-5 
256-5 
265-0 
328-5 
361  0 

A  -  X. 

510 

174-5 

184-0 

157-0 

142-5 

169-5 

160-0 

99-0 

65-0 

Accelera- 
tion. 

123-5 

1330 

106-0 

91-5 

118-5 

1090 

48-0 

14  0 

Accelera- 
tion, 
HCl  =100. 

HCl  

HBr 

...     422-0 
...     4300 

100 
108 

HNO3  

H^O^  

C„H.*SO,H  

..     422-5 
..     425-0 
...     426  0 

86 
74 
97 

CCla'COoH  

..     425-0 

88 

CHCIj-COjH   ... 
CHoCl-CO,H    ... 

..     427-5 
...     4-26  0 

39 
11 

The  acceleration  constants  thus  obtained,  compared  with  the 
corresponding  afiinity  constants  found  by  the  hydrolysis  of  methyl 
acetate,  are  as  follows : 

Acceleration 
constant. 
HCl  100 


Hydrolysis. 
lOO" 


HBr 108 

HNO3  86 

HoSO^ '. 74 

CgHj-SOaH 97 

CCVCOjH  88 

CHClo'COjH  39 

CHoCl-CCH 11 


92 
74 
98 
68 
23 
4-3 


or  111  by  sugar  inversion. 


The  agreement  between  the  acceleration  constant  and  affinity 
constant  is  as  close  as  would  be  expected,  considering  the  nature 
of  the  reaction  investigated,  except  in  the  case  of  the  chloroacetic 
acids.  It  was  thought  that  the  high  result  obtained  in  each  case 
with  these  acids  might  be  due  to  the  presence  of  hydrochloric  acid 
formed  bv  their  hydrolytic  decomposition,  but  the  solutions  were 
tested  after  the  experiment  with  silver  nitrate  solution,  and  gave  no 
precipitate. 

The  effect  of  variation  in  quantity  of  the  catalysing  acid  was 
then  examined  with  the  view  of  ascertaining  whether  the  velocity 
was  affected  in  any  marked  degree  by  the  presence  of  small 
quantities  of  the  acid. 

The  experiments  were  conducted  as  in  the  last  series. 

The  experiment  tube  contained  a  mixture  of  20  c.c.  of  N/10- 
(hloric  acid  and  20  c.c.  of  iV/5-ferrous  sulphate  solution,  and  a 
variable  quantity  of  sulphuric  acid  dissolved  in  60  c.c.  of  water, 
making  a  total  of  100  c.c. 
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The  following  results  were  obtained : 


No.  of  mols.  H2SO4 

Accelera' 

to  1  mol.  HCIO3. 

A. 

x^. 

x^. 

X. 

A-X. 

tion. 

3 

425 

279 

286 

282-5 

142-5 

91-5 

i 

418 

343 

345 

344 

74 

23-0 

i 

417-5 

354 

356 

355 

62-5 

11-5 

A  417  360  361  360-5  56-5  5-5 

Finally,  experiments  were  made  on  the  influence  of  neutral  salts 
on  the  velocity  of  the  same  reaction.  The  conditions  of  experiment 
were  the  same  as  before ;  the  experiment  tube  in  each  case  contained 
20  c.c.  of  iV/10-chloric  acid,  20  c.c.  of  iV/5-ferrous  sulphate  solution, 
and  60  c.c.  of  an  iV/10-solution  of  the  salt. 

The  following  results  were  obtained : 

Accelera- 

Salt.  A.  Xi.  x^.            X.  A-X.  tion. 

KCl 4150  363  364  363-5  51-5  0-5 

KNC, 411-0  357  357  357-0  54-0  3-0 

'Na.^Sb^  413-0  374  375  374-5  38-5  -125 

K2SO4 416-5  379  378  3785  38-0  -13-0 

KUIO3 398-0  263  265  2640  134-0  83-0 

JSTaClOg  410-0  276  278  277-0  133-0  82-0 

It  is  evident  from  these  results  that  a  neutral  salt  containing  no 
common  ion  accelerates  the  reaction  to  a  very  small  degree,  whilst  a 
salt  containing  a  CIO3  ion  accelerates  it  very  considerably.  In 
order  further  to  examine  the  reaction  with  a  solution  of  potassium 
chlorate,  an  experiment  was  made  under  the  same  conditions  as 
before,  in  which  no  chloric  acid  was  present,  the  experiment  tube 
containing  20  c.c.  of  iV/5-ferrous  sulphate  solution  and  80  c.c.  of 
iV^/10-potassium  chlorate  solution,  but  it  was  found  that  the  amount 
of  reaction  after  forty-five  minutes  was  practically  nil.  The 
influence  of  potassium  and  sodium  sulphates  on  the  velocity  of  the 
reaction  is  somewhat  remarkable.  Both  salts  retard  the  reaction 
and  approximately  to  the  same  degree.  This  may,  perhaps,  be  due 
to  the  formation  of  less  easily  oxidisable  complex  molecules  with 
the  ferrous  sulphate  analogous  to  ferrous  ammonium  sulphate. 


Summary  and  Conclusions. 

(1)  Chloric  acid  is  not  reduced  by  sodium  amalgam  in  dilute 
solutions,  but  is  reduced  in  the  presence  of  strong  acids. 

(2)  A  dilute  solution  of  chloric  acid  in  the  presence  of  methyl 
alcohol  is  not  reduced  even  when  the  mixture  is  kept  for  several 
days,  but  in  the  prese;^©  of  strong  acids  reduction  takes  place. 

(3)  The  rate  of  reduction  of  chloric  acid  by  methyl  alcohol  is 
extremely  slow    even    in    normal    solutions,  but  is  accelerated    by 
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addition  of  strong  acids,  the  order  in  which  these  acids  accelerate 
the  reaction  being  that  of  their  relative  "'  strengths." 

(4)  The  reaction  between  chloric  acid  and  ferrous  sulphate  in 
decinormal  solution  is  accelerated  by  the  addition  of  other  acids, 
the  acceleration  produced  being  a  function  of  the  "  strengths  "  of 
the  acids. 

(5)  The  same  reaction  is  accelerated  in  a  small  degree  by  neutral 
salts  containing  no  ion  common  with  any  taking  part  in  the 
reaction.  It  is  accelerated  in  a  large  degree  by  chlorates,  and  is 
retarded  by  sulphates. 

It  has  been  suggested  above  that  the  accelerative  influence  of 
the  second  acid  may  be  of  two  kinds,  and  hence  that  this  influence 
may  be  open  to  two  theoretical  interpretations.  On  the  one  hand, 
the  reaction  may  be  "  ionic,"  the  reduction  being  that  of  the  CIO3 
ion,  and  the  influence  of  addition  of  other  acids  being  due  to  the 
purely  catalytic  influence  of  hydrogen  ions.  On  the  other  hand, 
the  primary  reaction  may  be  the  breaking  down  of  the  non-ionised 
chloric  acid  molecule,  which  would  be  accelerated  by  the  addition 
of  other  acids  in  virtue  of  the  mass-a<;tion  of  the  hydrogen  ions. 
With  regard  to  the  addition  of  neutral  chlorates,  it  has  been  shown 
above  that  these  accelerate  the  reaction  to  a  considerably  greater 
degree  than  salts  containing  no  ion  common  with  any  of  those 
taking  part  in  the  reaction.  This  accelerative  influence  is  similarly 
open  to  both  interpretations;  it  may  be  due  to  the  mass-action  of 
the  CIO2  ion  by  which  the  concentration  of  the  non-ionised  chloric 
acid  would  be  increased,  or,  since  hydrogen  ions  are  present,  it  may 
be  due  to  the  increase  of  total  concentration  of  the  substance  under- 
going reduction,  namely,  the  CIO3  ion.  It  is  evident,  however, 
that  free  acid  is  essential  to  the  reaction,  since  a  neutral  chlorate 
does  not  appear  to  be  affected  by  the  reducing  agents  employed. 
Hence,  if  the  reaction  is  "  ionic,"  it  must  be  assumed  that  in  the 
absence  of  catalysing  hydrogen  ions,  the  reaction  is  too  slow  to 
measure. 

With  regard  to  the  experiments  given  in  the  present  com- 
munication, the  most  important  evidence  is  in  the  relation  of 
acceleration  constants  to  affinity  constants.  Chloric  acid,  according 
to  the  conductivity  measurements  of  Ostwald,  is  a  strong  acid  having 
an  affinity  constant  of  98,  compared  with  100  for  hydrochloric  acid. 
In  view  of  this,  and  in  view  also  of  the  great  uncertainty  of 
behaviour  of  strong  acids  in  presence  of  their  salts  (and  in  general 
of  solutions  of  mixed  strong  electrolytes  containing  a  common  ion), 
it  is  improbable  that  any  close  agreement  would  exist  between  the 
acceleration  and  affinity  constants  of  the  acids  if  the  accelerative 
effect  were  due  to  the  mass-action  of  hydrogen  ions.     Hence  the 
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above  results  seem  to  favour  the  view  that  the  reaction  is  an  ionic 
one,  and  that  the  accelerative  influence  of  the  second  acid  is  due 
to  the  catalytic  action  of  the  hydrogen  ions. 

Several  attempts  were  made  to  devise  an  experiment  which  would 
exclude  one  or  the  other  of  the  above  interpretations,  such  as  the 
use  of  a  non-ionising  solvent,  an  experiment  which  would  have  been 
of  great  value  in  deciding  the  point.  Although  many  solvents 
v/ere  tried,  however,  none  was  found  which. would  meet  the  require- 
ments of  the  experiment. 

In  conclusion,  I  wish  to  express  my  sincere  thanks  to  Dr.  H.  J.  H. 
Fenton  for  valuable  criticism  and  advice. 

The  University  Chemical  Labokatoiues, 
Cambridge. 


CCLII. — The    Addition    of  Bromine    to     Unsaturated 
Compounds.     Part  II. 

By   John    Joseph  Sudborough    and    John  Thomas. 

In  continuation  of  the  work  already  published  (this  vol.,  p.  715) 
we  have  examined  the  rate  of  addition  of  bromine  to  the  following 
acids:  Cinnamylidene-  and  oZZocinnamylidene-acetic  acid,  sorbic 
acid,  5-phenyl-Aa-,  -A^-,  and  -A7-pentenoic  acids,  hydrosorbic  acid, 
crotonic,  angelic,  tiglic,  ;8-dimethylacrylic,  and  trimethylacrylic  acid. 
The  method  of  procedure  was  exactly  the  same  as  that  used  in  the 
earlier  work,  and  the  carbon  tetrachloride  and  bromine  were  purified 
in  the  same  manner.  A  control  experiment  made  with  brassidic 
acid  gave  values  for  K  varying  from  3"0  to  6'9,  as  compared  with 
the  previous  values,  3*1  to  7 '4.  Although  the  new  bromine  and 
carbon  tetrachloride  gave  values  for  brassidic  acid  which  were  very 
similar  to  the  values  obtained  previously,  it  was  found  that  when 
cinnamic  acid  was  used,  the  values  obtained  were  considerably  lower 
than  the  earlier  values,  namely,  1"02  x  10"^  to  2'94  x  10"'',  as 
compared  with  0*9  x  10-*  to  26  x  10"*.  We  have  not  been  able  to 
ascertain  the  reason  for  this  difference,  but  we  have  been  able  to 
show  that  the  presence  of  moisture  facilitates  the  addition  of 
bromine.  This  is  best  shown  in  the  case  of  the  experiments  with 
crotonic  acid : 

A'. 

Drv  carlioii  tetracliloiide     4-68  x  lO"*  to  6*16  x  lO^*"' 

Aloist     ,,  ,,  7-31  X 10^"  to  137x10-* 
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The  following  table  gives  a  list  of  the  values  of  K  obtained  for 
the  different  acids  at  15°: 

Olefine  Acids. 

Maximum  No.  of  "[/t .  x/a(a-x). 

Acids  and  formula.             Series.  time,      titrations.  Minimum.    Maximum. 

Crotonic,  CHMeiCH-COgH a  189  hours  4  4-68xl0-«     6l6xl0-« 

Angehc,  CHMe:CMe-CO.,H a  145      „  4  0'83  x  10"*     1-9    xlO"^ 

Tiglic,  CHMelCMe-COaH    a  168     „  4  13    x  IQ-^    9-9    x  IQ-^ 

y3-Dimethvlacrylic,  a  6      „  3  5-8    x  10"'     7-0    x  lO"'' 

CMt-aCCH-CUaH     b  6     „  4  81    x  10"^     7B    x  lO"' 

Triraetliylacrylic, 

CMcjiCMe-COaH  a  85  „  4  I'l    x  IQ-^     22    x  IQ-^ 

5-Phenyl-A*-pentenoic,  a  0-5,,  4  3-1    x  IQ-i     37    x  10-^ 

CHjPh-CHrCH'CHo-COo     ...  b  OS,,  3  62    x  IQ-^    22    x  IQ-^ 

S-Phenyl-A^-pentenoic,  a  60  sees.  4  457                 82  "3 

CHPhrCH-CHa'CHa-COaH...  &  31    „  4  35-5                603 

Hydrosorbic,  a  60    „  4  1-3    x  10?       3  3    x  10- 

CHjMe-CHrCH-CHa-COsH...  b  20    „  4  24    x  lO^        3-9    x  lO'^ 

Diolefine  Acids,  with  Conjugate  Double  Bonds. 

Sorbic,  a  0-66  houra  3  1-03x10-2    68    x  IQ-^ 

CHMerCH'CHlCH-COjH    ...  b  0-66     „  4  I'l    x  10-M2-2   x  10-^ 

Cinnamylideneacetic  a  1*0       ,,  3  2"21  x  lO"-     2-63x10-2 

CHPhiCH-CHlCH-COjH    ...  b  4-5       „  4  097x10-2    1-3    x  10-^ 

„  P,.            ,.j            *•  «  105     ,,  4  2-56x10-2    3-1    x  IO-2 

a«oCmnamylideneacetic ^  j..^5     |'  ^  3-9    x  IO-2    35    x  IO-2 

The  o)8-unsaturated  acid,  5-phenyl-Aa-pentenoic  acid, 
CHgPh-CHg-CHiCH-CO.H, 
combines  with  bromine  very  slowly  in  the  dark.  Immediately  after 
mixing,  the  amount  of  bromine  used  up  corresponded  with  0-5  c.c. 
of  the  thiosulphate  solution,  and  even  after  190  hours  the  amount 
of  thiosulphate  recj^uired  was  the  same.  The  acid  thus  combines 
with  bromine  even  less  readily  than  does  cinnamic  acid.  The 
following  values  were  obtained  for  the  two  acids  when  the  addition 
of  bromine  was  allowed  to  take  place  in  daylight;  the  two  series 
of  experiments  were  conducted  side  by  side  in  order  that  the  results 
should  be  strictly  comparable: 

Cinnamic  Acid  (a  =  26"15). 

<  (hours).  a-x.  1/t.x/a(^a-x). 

0-5  167  4-33x10-2 

1-0  127  405 

1-5  8  15  6-63 

2-0  5-5  7-18 

S-rheni/l-l»-p$ntenoic  Acid  (a  =  26'15). 


t  (hours).  a  ~  x.  IJt .  r/a(a  -  x). 

0-5  24-8  4-lGxlO-' 

10  23-95  3  51 

1-5  22-95  3-56 

2  0  22-20  3-40 


t  (hours).  a-x.  \/t .  x/a{a  -  x). 

0-5  24-8  4-16xl0-» 

1-0  23-5  4-31 

1-5  2-2-0  4-81 

2  0  20  8  4-92 
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The  results  prove  that  in  daylight  bromine  combines  with  the 
S-phenyl-Aa-pentenoic  acid  less  readily  than  it  does  with  cinnamic 
acid. 

The  points  to  which  we  wish  to  draw  attention  in  connexion  with 
the  results  tabulated  above  are: 

(1)  The  values  confirm  the  generalisation  drawn  previously 
(p.  719),  namely,  that  a)8-unsaturated  aicids  combine  with  bromine 
far  less  readily  than  the  isomerides,  in  which  the  double  linking  is 
further  removed  from  the  carboxylic  group. 

(2)  The  introduction  of  methyl  substituents,  attached  to  the 
carbon  atoms  between  which  the  olefine  linking  exists,  facilitates  the 
addition  of  bromine  to  an   appreciable  extent. 

(3)  When  the  acid  contains  conjugated  olefine  linkings,  one  of 
which  is  in  the  aj3-position  with  respect  to  the  carboxylic  group,  the 
addition  of  bromine  takes  place  more  readily  than  when  the 
aj8-ethylene  linking  alone  is  present.  In  the  examples  we  have 
examined,  namely,  sorbic,  cinnamylideneacetic,  and  allo- 
cinnamylideneacetic  acids,  it  is  known  that  the  two  atoms  of 
bromine  are  added  on  in  the  aS-positions,  and  the  reaction  is  thus 
not  strictly  comparable  with  the  addition  of  bromine  to  cinnamic 
acid,  where  the  bromine  attaches  itself  at  the  o)3-position. 

Preparation  of  the  Acids. 

1.  Cinnamyridenemalonic  acid  was  prepared  by  the  method 
described  by  Riiber  {Ber.,  1904,  37,  2274),  with  the  exception  that 
the  mixture  of  equal  weights  of  malonic  acid,  quinoline,  and 
cinnamaldehyde  were  kept  in  a  stoppered  bottle  for  three  weeks 
instead  of  the  two  recommended  by  Riiber.  The  reduction  of  the 
substituted  malonic  acid  was  carried  out  according  to  Riiber's 
method,  using  pure  mercury  for  the  preparation  of  the  amalgam, 
but  the  evolution  of  carbon  dioxide  and  the  formation  of  S-phenyl- 
A/3-pentenoic  acid,  CHgPh-CHICH-CHa'CO^H,  was  effected  by  a 
somewhat  different  method,  as  we  had  no  method  of  obtaining  a 
pressure  of  0"15  mm.  {Ber.,  1905,  38,  2746).  The  dibasic  acid 
(25  grams)  was  heated  in  a  sulphuric  acid  bath  at  110 — 115°  until 
the  evolution  of  carbon  dioxide  had  ceased,  and  the  product^  which 
was  slightly  coloured,  was  distilled  under  a  pressure  of  10 — 12  mm., 
when  the  monobasic  acid  passed  over  at  176 — 182°,  and  solidified 
on  cooling.  The  transformation  of  the  /3y-acid  into  a  mixture  of 
o/3-  and  yS-unsaturated  acids  was  carried  out  according  to  Riiber's 
directions  (loc.  cit.,  p.  2747).  The  iS-hydroxyphenylvaleric  acid  was 
removed  by  making  use  of  its  insolubility  in  hot  carbon  disulphide, 
and  the  oily  acid  removed  by  pressing  the  mixture  of  acid  on  a 
plate.     The  solid  mass,  consisting  mainly  of  the  o^S-  and  -yS-acids, 
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was  dissolved  in  hot  carbon  disulphide,  and,  on  cooling,  crude 
ojS-acid  separated.  From  150  grams  of  )8y-acid,  26  grams  of  crude 
a;8-acid  were  thus  obtained,  and  after  some  six  recrystallisations 
the  acid  was  quite  pure.  To  obtain  the  yS-acid,  the  carbon  di- 
sulphide mother  liquor  was  evaporated  to  dryness,  and  the  acid 
transformed  into  the  sparingly  soluble  calcium  salt  under  the 
conditions  described  by  Riiber.  The  a^id  obtained  from  the  calcium 
salt  still  contained  ajS-acid,  and  this  was  removed  by  crystallisation 
from  carbon  disulphide  and  mechanically  removing  the  characteristic 
plates  of  the  yS-acid  and  crystallising  from  light  petroleum,  when 
11 '5  grams  of  pure  acid,  melting  at  91°,  were  obtained. 

2.  Hydrosorbic  acid  was  prepared  as  follows.  Twenty-five  grams 
of  sorbic  acid  were  dissolved  in  sodium  hydroxide  solution,  and 
the  whole  made  up  to  300  c.c.  with  water.  The  solution  was  trans- 
ferred to  a  separating  funnel,  and  placed  in  a  bath  at  30 — 35°. 
Rather  more  than  the  theoretical  amount  of  3  per  cent,  sodium 
amalgam  was  added  in  small  amounts  at  a  time,  and  the  funnel 
was  shaken  vigorously  after  each  addition.  The  reduction  pro- 
ceeded vigorously  at  the  beginning,  but  slackened  toward  the  end. 
The  mercury  was  removed,  the  solution  acidified  with  hydrochloric 
acid  (1 :  1),  and  extracted  with  ether.  After  removal  of  the  ether, 
13  grams  of  hydrosorbic  acid,  boiling  at  103°/ 9 — 10  mm.,  were 
obtained.  When  the  distillation  was  continued,  the  temperature 
rose  rapidly,  but  did  not  become  constant. 

3.  Cinnamylideneacetic  and  a//ocinnamylideneacetic  acids  were 
prepare  by  Liebermann's  method  {Ber.,  1895,  28,  1441).  The 
aZ^-acid  was  slightly  impure,  and  melted  at  115 — 117°. 

4.  The  j3-dimethyl-  and  trimethyl-acrylic  acids  were  prepared  by 
the  methods  described  previously  (Trans.,  1909,  95,  977). 

We  wish  to  express  our  thanks  to  the  Research  Fund  Committee 
of  the  Chemical  Society  for  a  grant  which  has  covered  part  of  the 
cost  of  this  investigation. 

The  Edward  Davies  Chemical  Laboratories, 
University  College  of  Wales, 
Aberystwyth. 
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CCLIIl. — Tlie     Viscosity    and    Density    of    Caesium 
Nitrate    Solutions. 

By  Thomas  Kalph  Mebton,  B.Sc.   (Oxon). 

In  recent  years  the  viscosity  of  salt  solutions  has  been  the  subject 
of  numerous  investigations,  which  have  mainly  been  directed 
toward  elucidating  the  relation  between  viscosity  and  electrical 
conductivity.  Most  of  the  alkaline  nitrate  solutions  have  been 
investigated  (Griineisen,  Wiss.  Ahh.  Phys.  Tech.  Beichsanstalt,  1904, 
4,  239;  Applebey,  this  vol.,  p.  2000,  and  others).  Very  little, 
however,  is  known  of  the  viscosity  of  caesium  salt  solutions,  with 
the  exception  of  a  single  investigation  on  the  viscosity  of  the 
chloride  solution  by  Wagner    {Zeitsch.   physikal.  Ghem.,   1890,   5, 

In  the  present  investigation,  the  viscosities  and  densities  of 
caesium  nitrate  solutions  of  different  concentrations  have  been 
determined  at  0°,  10°,  18°,  and  25°. 

Experimental. 

The  method  used  for  determining  viscosity  was  that  of  Poiseuille, 
that  is  to  say,  a  determination  of  the  times  of  flow  of  the  solution 
through  a  capillary  tube.  The  precautions  which  must  be  observed 
in  order  to  secure  an  accuracy  of  one  part  in  a  thousand  by  this 
method  have  been  thoroughly  investigated  by  Griineisen  (loc.  cit., 
p.  153)  and  Applebey  (loc.  cit.),  whose  method  I  have  followed  in 
this  investigation,  and  to  whom  I  am  indebted  for  much  valuable 
assistance  in  the  progress  of  the  work.  Two  viscometers  of  the 
Ostwald  type  were  used. 

For  viscometers  of  this  type  we  have: 

rj  solution         (A  solution  -  d)  x  t  solution 
7)  water      ~"       (A  water   —  d)   x   t  water 
where  rj  is  the  viscosity,  A  the  density,  t  the  time  of  flow  of  the 
liquid  through  the  capillary,  and  d  the  density  of  air. 

Griineisen  (loc.  cit.)  has  shown  that,  for  viscometers  of  the  type 
used,  it  is  unnecessary  to  apply  any  correction  for  the  kinetic 
energy  of  the  liquid  in  the  capillary. 

The  determination  of  time  offered  no  difficulty,  and  was  measured 
by  means  of  a  stop-watch  reading  to  one-fifth  second,  which  kept 
excellent  time  throughout  the  investigation. 

In  order  to  prove  that  the  flow  of  the  liquids  to  be  investigated 
in  the  viscometers  obeyed  Poiseuille's  law,  one  of  the  tubes  was 
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calibrated  by  Gruneisen's  method,  with  the  experimental  arrauge- 
luents  used  by  Applebey  {loc.  cit.).  The  times  of  flow  of  equal 
volumes  of  water  through  the  capillary  under  different  hydrostatic 
pressures  are  given  in  the  following  table: 


Excess  pressure 

(in  mm.  of  water 

Total 

Time 

Pressure 

at  18°). 

pressure. 

(in  l/5th  sees.). 

X  time. 

1-0 

115-4 

4573 

5276 

7-3 

121-7 

4338 

:280 

22  4 

136-8 

3865 

5288 

33-5 

147-9 

3566 

5273 

45-0 

159-4 

3298 

5258 

55-7 

170-1 

3091 

5260 

77  0 

191-4 

2755 

5273 

83-8 

198-2 

2663 

5278 

88-7 

203-1 

2585 

5250 

110-1 

224-5 

2340 

5255 

134-5 

248-9 

2115 

5265 

149-9 

264-3 

1990 

5261 

As  will  be  seen,  the  value  pressure  x  time  is  constant  within  the 
limits  of  experimental  error,  showing  that  the  flow  of  liquid  through 
the  tube  obeys  Poiseuille's  law,  and  that  the  tube  can  therefore  be 
used  for  comparative  measurements  between  the  limits  of  time 
examined. 

The  second  viscometer  used  in  this  work  was  standardised  by 
careful  comparison  with  the  first.  For  this  purpose  a  nearly 
saturated  solution  of  caesium  nitrate  has  unique  advantages,  as  its 
high  density  and  low  viscosity  cause  it  to  flow  through  the  tube 
more  rapidly  than  water.  The  ratios  of  the  times  of  flow  of  the 
solution  and  water  in  the  two  tubes  were  compared,  with  the 
following  results : 

Time  of  Time  of  Time  of  flow  of  salution, 

flow,  water.         flow,  solution.  Time  of  flow  of  water. 

Standard  tube    4802  4020  0-8371 

Tube  7    4132  8459  0  8371 

The  constancy  of  the  ratio  shows  that  the  second  tube  obeys 
Poiseuille's  law  in  exactly  the  same  way  as  the  first. 

The  viscometers  were  usually  cleaned  after  use  by  drawing  them 
through  a  considerable  quantity  of  the  purest  available  water.  If, 
however,  the  "  water  constant  "  or  time  of  flow  of  water  had  changed 
it  was  usually  re-determined  for  one  of  the  viscometers  after  each 
solution),  or  if  any  dust  had  lodged  in  the  capillary,  it  was  cleaned 
with  a  mLxture  of  nitric  acid  and  a  drop  of  alcohol,  followed  by 
water.  The  viscometers  were  dried  by  drawing  dust-free  air 
through  them  in  a  hot-air  bath. 

In  this  connexion  it  may  be  mentioned  that  the  purity  of  the 
air  in  the  room  in  which  the  viscometers  are  dried  is  of  considerable 
importance.     On  one  occasion  there  was  a  certain  amount  of  amjl 

7x2 
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acetate  vapour  in  the  room  in  which  the  viscometers  were  dried, 
owing  to  some  celluloid  varnish  containing  amyl  acetate  which  had 
been  used  there.  In  consequence  of  this,  anomalous  results  were 
obtained,  and  it  was  not  until  the  drying  apparatus  was  removed 
to  another  room  that  the  viscometers  again  gave  their  original 
water  value. 

Materials  Used. — The  caesium  nitrate  used  in  this  investigation 
was  very  kindly  lent  by  the  Earl  of  Berkeley.  It  was  examined 
spectroscopically,  and  no  trace  of  any  impurity  could  be  found.  The 
water  used  was  the  best  dust-free  water  obtainable  (the  electrical 
conductivity  varied  from  1  x  10~^  to  2  x  10~^  mhos.).  In  making 
up  a  solution,  the  approximate  quantity  of  salt  required  was  placed 
in  a  quartz  crucible,  and  heated  for  about  four  hours  in  a  quinoline 
bath  at  170°.  It  was  then  weighed  and  dissolved  in  a  known  weight 
of  water.     The  solutions  were  filtered  to  remove  dust  particles. 

Determination  of  Density. — For  the  determination  of  density,  a 
pyknometer  containing  about  12  c.c.  of  the  solution  was  used.  Two 
settings  and  two  fillings  were  taken,  the  pyknometer  being  weighed 
against  a  counterpoise.  The  pyknometers  were  "  set "  in  the 
constant  temperature  baths  in  which  the  viscosity  measurements 
were  made.  For  the  densities  at  0°,  two  pyknometers  were  used, 
with  a  small  bulb  above  the  capillary  to  allow  for  the  expansion 
of  the  liquid  on  removing  it  from  the  ice,  and  a  glass  cap  to  prevent 
evaporation.  They  were  set  in  a  jacketed  vessel  containing  crushed 
ice. 

Constant  Temperature  Baths. — The  experiments  at  10°,  18°,  and 
25°  were  performed  in  large  glass-fronted  baths  containing  about 
25  litres  of  water,  vigorous  stirring  being  obtained  by  means  of 
glass  stirrers  driven  by  an  electric  motor.  The  temperatures  of 
the  baths  were  verified  by  means  of  a  standard  Goetze  thermometer. 
The  25°  bath  was  heated  by  a  small  gas  flame,  which  was  governed 
by  a  large  spiral  toluene  regulator  (Lowry,  Trans.,  1905,  87,  1032). 
The  18°  bath  was  heated  by  a  16  c.p.  electric  filament  lamp  placed 
in  a  bath  close  to  the  stirrer,  and  governed  by  a  spiral  electric 
regulator. 

The  10°  bath  was  identical  with  that  at  18°,  except  that  it 
contained  in  addition  a  coil  of  metal  tubing,  through  which  water 
was  run,  to  act  as  a  cooling  apparatus.  No  variation  in  the  tem- 
perature of  these  baths  could  be  detected  on  the  thermometer 
divided  in  1/50°.  The  10°  bath,  with  which  some  trouble  was 
anticipated,  was  particularly  carefully  examined  with  a  Beckmann 
thermometer,  but  no  variation  as  great  as  1/500°  could  be  detected. 

The  experiments  at  0°  were  performed  in  a  large  Dewar  vacuum 
vessel,   containing  crushed  ice  and  water    vigorously  stirred.     At 
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this  temperature  rapid  stirring  was  found  to  be  essential  in  order 
to  prevent  a<jcumulation  of  warmer  water  at  the  bottom  of  the 
vessel.  In  the  event  of  a  small  variation  of  temperature  occurring, 
a  calculated  correction  can  be  applied.  This  correction  was  found 
to  be  about  two-fifths  second  for  1/100°.  It  is  probable  that  owing 
to  the  difiiculty  of  maintaining  constant  temperature,  the  results 
at  0°  are  not  so  accurate  as  at  other  temperatures. 

Density  Results. — The  results  of  the  density  determinations  are 
given  in  the  following  tables.  As  will  be  seen,  the  weighings 
usually  agree  to  within  O'OOOl,  or  at  most  0'0002,  milligram,  and 
therefore  the  errors  in  the  densities  do  not  exceed  0"00002.  Values  of 
(A  — 1)  — Concentration  x  Constant  are  given,  from  which  a  sensitive 
curve  can  be  drawn. 

Densities  at  0°. 


Parts  of 

Ciesium  nitrate 

in  100  grams 

of  water. 

0 

1-0075 


1-9784 

4-0208 
6-2489 
8-3724 


Mass  of  solution  in 
pyknometer. 


1. 
12-4743 


13-8832 
14-1033 
14-3110 


2. 
14  0425 
14-1507') 
14-1507  V 
14-1507J 
/14-2537\ 
1.14-2537/ 
14-4690 
14-6981 
14-9144 


Mean 

sp.  gr. 

1 

1-00770 

1  01504 

1  -03037 
1-04668 
1-06209 


0-99987 
1-00757 

1  01491 

1-030-23 
1  04654 
1-06195 


(A-l)-Px 
0  0074. 
-0-00013 

+  0-00010 

+  0-00027 

+  0  00048 
+  0-00030 
+  000000 


Densities  at  10°. 


Parts  of  caesium 

nitrate  in  100  grams 

of  water. 

0 

1  -0467 


2-1849 


3-2361 


5-7336 


8-8891 


12-0698 


14-8040 


Mass  of 
solution  in 
pyknometer. 
12-5778 
[12-67611 
J  12-6762  - 
12-67621 
'12-78231 
12-7824  - 
.12-78241 
[12-88001 
12-8801  \ 
,12-8801 j 
fl31084\ 
\13-1085/ 
3921  \ 
3920  V 
.192.3  J 
13-67111 
13  6742 
13-6741  I 
14-70371 
14-7037 V 
14-7037 


13- 
■^13- 
il3- 


Mean  sp.  gr. 
1 

1  -00782 

1-01626 

1-02403 
1-04219 
1 -06474 

1-08716 

1-10237 


A  abs. 


99973 
00765 

01598 

02375 
04191 
06445 

08687 

10207 


(A-l)-Px 

0-0071357. 
-0  00027 

+  0-00008 

+  0-00039 

+  0  00066 
+  0-00100 
+  0-00102 

+  0-00075 

+  0 
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Densities  at  18°. 


Paris  of 

Cfcsium  nitrate 

in  100  grams 

of  water, 

0 

1-OOGO 


2-1415 


Mass  of  solution  iii 
pyknometer. 


3-1299 


5-0677 


6-5882 


9-6569 


12-3740 


16-6355 


12 

V2 

12 

12 

12 

12 

12 

fV2 

\12 

(13 

]l3 

113 


5674 
6610) 
6611  \ 
6610  J 
7656] 
7656  V 
7656  J 
8562  \ 
8562/ 
0321) 
0322  V 
0322 


A. 
8-8160 


^3-6759^ 
113-6758  1 
113-6759  1 
U3-676lJ 


9  2372 
9-2371 
9-2372 
9-4290) 
9-4290  i- 
9 -4290  j 


r9-8456l 
J  9-8456  V 
t9-8456j 


Mean 

sp.  gi-. 

1 

1-00745 


1-01577 
1-0-2-298 
1-03698 

1-04778 

1-06953 

1-08820 


A  abs. 
0-99862 


1-01437 
1-0-2157 
1-03555 

1-04633 

1-06805 

1-08671 


1-11679    1-11525 


(A-l)-Px 
0-0070074. 
-0-00138 

-0-00099 


-0-00063 
-0  00036 
+  0-00004 

+  0-00017 

+  0-00038 

±0-00000 

-0-00132 


Densities  at  25°. 


Parts  of 

Mass  of  solution  in 

cpesium  nitrate. 

pyknometer. 

in  100  ^ranis 

^ 

Mean 
sp.  gr. 

A  abs. 

(A-l)-i'x 
0-0068215. 

of  water. 

3. 

iV. 

0 

12-5502 
ri2-6431) 

8-8043 

1 

0-99707 

-0  00293 

1-0060 

■]  12-6431  y 
il2-6430J 
fl2-7467l 

1-00739 

1-00443 

-0-00243 

2-1415 

4  12-7465  V 
1 12-7466) 
("12-83651 

1-01566 

1-01268 

-0-00193 

3-1299 

] 12-8365  [ 
(12-8365) 
h3-0112^ 

1-02281 

1-01981 

-0-00154 

5-0677 

413-0111  [ 
(.13-0112)  / 

f  9 -2219) 

1-03673 

1-03369 

-0-00088 

6-5882 

{9-2218  V 
(9-2219) 
f9-4111) 

1-04743 

1-04436 

-0-00058 

9-6569 

fl3-e497'| 
-  13-6496  \ 
(13-6497) 

1  9-4113  V 
(9-4114) 

1-06894 

1-06580 

-0-00007 

12-3740 

1-08760 

1-08441 

-0  00000 

f9-8279l 
{9-8276  1 
(9 -8279  J 

16-6355 

1-11625 

1-11298 

-  0-00050 
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Viscosity  Results. — The  results  of  the  viscosity  determinations  are 
given  in  the  following  tables.  The  results  are  probably  correct  to 
+  2  in  5000  at  18°,  25°,  and  10°.  At  0°  the  errors  are  somewhat 
greater,  but  the  values  given  are  probably  correct  to  +3  in  5000. 
In  Fig.  1  the  relative  viscosities  are  plotted  against  the  con- 
centration. Values  of  (1  —  jj)  —  concentration  x  K  are  given,  from 
which  a  ser.sitive  curve  may  be  drawn.  The  viscosity  in  absolute 
units  has  also  been  calculated^,  the  absolute  values  of  water  being 
taken  from  Thorpe  and  Rodger's  values  {Phil.  Trans.,  1894,  A, 
185,  397)  • 

At    0'  =  0-01778  At  18'  =  0-010510 

At  10'  =  0013025  At  25°  =  0-00891 


1-0000 

0-9800 

i    0-9600 

s 

I    0-9400 

0-9200 


Fig.  1. 


0  5  10  15 

Grams  o/cofsium  nitrcUt  in  100  grama  of  water. 


'^^^^ 

i 

■ 

\^ 

V;^^vr^--C~^-, 

\ 

^^-\  ^ 

Discussion   of  Results. 

It  will  be  seen  that  at  all  temperatures  the  viscosity  of  caesium 
nitrate  solutions  is  less  than  that  of  water.  It  conforms  with  the 
rule  found  for  other  salts,  in  that  the  decrease  of  viscosity  for 
unit  quantity  of  salt  decreases  with  increase  of  concentration. 
The  discovery  of  Griineisen  (loc.  cit.),  that  the  viscosity  curves  of 
all  ionised  solutions  exhibit  a  change  of  curvature  at  the  dilute 
end,  has  been  confirmed  in  the  case  of  caesium  nitrate.  This  can 
be  seen  in  curves  in  which  viscosity  is  plotted  against  concentration, 
but  it  can  be  better  appreciated  by  plotting  (l  —  r})/N  (where  N  is 
the  normality)  against  ^i^N.  In  Fig.  2,  1-ij/iV  is  plotted 
against  ^y' normality  at  18°.  It  is  more  convenient  to  plot  ^>/N 
than  N,  as  in  this  way  the  dilute  end  is  more  extended.  It  will 
be  seen  that  the  errors  in  the  determination  of  (l-rj)/iV  increase 
very  rapidly  towards  the  dilute  end.     For  example,  in  a  solution 
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with  a  relative  viscosity  of  0-9980,  (1  - 1])  would  be  0-0020,  so  that 
an  error  of  001  per  cent,  would  produce  an  error  of  about  4  per 
cent,  in  the  value  of  l—rj/N,  whereas  if  the  viscosity  were  0-9200, 
a  similar  error  would  alter  1  — ?j/iV  by  less  than  0-125  per  cent. 

It  would  be  of  great  interest  to  discover,  if  possible,  the  value 
of  l  —  r]/N  for  infinite  dilution,  but,  as  has  been  shown,  the  errors 
increase  so  rapidly  towards  the  dilute  end  that  it  becomes  impossible 
to  form  any  estimate. 

Griineisen  (loc.  cit.)  has  proposed  the  formula: 
ri-ljN  =  Ai  +  B{l-i)  +  GN, 
where  *  is  the  ratio  LJLq,  L  and  Lq  being  the  molecular  electrical 
conductivities  at  concentrations  N  and  0,  and  A,  B,  and  C  are 


Fig.  2. 
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constants  depending  on  the  nature  of  the  salt.  Griineisen  has 
obtained  fairly  good  agreement  in  his  results  between  the  found 
values  of  rj  and  those  calculated  by  this  formula.  I  have  not  been 
able  to  find  any  determinations  of  the  electrical  conductivity  of 
caesium  nitrate  solutions,  and  have  therefore  been  unable  to  make 
any  attempt  to  apply  the  formula  to  my  results. 

From  the  absolute  values  calculated  from  Thorpe  and  Rodger's 
(loc.  cit.)  values  for  water,  it  will  be  seen  that  the  change  of 
viscosity  produced  by  a  rise  in  temperature  decreases  with  increasing 
concentration.  Thus,  7  parts  of  caesium  nitrate  in  100  parts  of 
water  lower  the  viscosity  about  7-5  per  cent,  at  0°,  but  less  than 
3  per  cent,  at  25°. 

The  general  form   of  the  viscosity  curve   is   precisely  what   wo 
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should  expect  from  the  position  of  csesium  in  the  periodic  system, 
a  comparison  with  the  viscosities  of  lithium,  sodium,  and  potassium 
nitrates,  taken  from  Griineisen's  paper,  showing  that,  qualitatively, 
the  viscosity  changes  follow  the  classification  of  the  elements  in  the 
periodic  system.  If  we  may  assume  that  the  viscosity  of  a  solution 
depends  on  the  mean  size  of  the  molecules  and  ions,  we  should 
infer  that  of  the  alkali  metals  the  csesium  ion  is  the  smallest,  in 
aqueous  solution,  that  is  to  say,  it  has  a  smaller  number  of  water 
molecules  attached  to  it  than  the  ions  of  the  other  alkali  met-als. 
In  agreement  with  this,  the  caesium  ion  is  known  to  possess  the 
largest  ionic  mobility. 

Summary. 

The  viscosities  of  caesium  nitrate  solutions  have  been  investigated 
at  0°,  10°,  18°,  and  25°.  The  results  confirm  in  every  respect  the 
general  principles   discovered  for  other  salt  solutions. 

The  densities  of  the  solutions  at  these  temperatures  have  been 
determined.  In  these  determinations,  no  abnormal  results  have 
been  found.  The  change  of  density  per  unit  quantity  of  salt 
decreases  slightly  with  an  increase  of  concentration. 

The  effect  of  temperature  on  the  viscosity  has  been  examined, 
and  found  to  decrease  with  increasing  concentration. 

With  respect  to  the  viscosity  of  the  nitrate  solutions,  caesium 
occupies  a  position  among  the  alkalis  in  accordance  with  its  position 
in  the  periodic  system. 

In  conclusion,  I  should  like  to  express  my  thanks  to  Mr.  H.  B. 
Hartley  and  Mr.  D.  H.  Nagel  for  the  kind  assistance  and  advice 
they  have  given  me  in  this  investigation. 

Physical  Chemistry  Laboratory, 

Baluol  and  Trinity  Colleges, 

Oxford. 


CCLIV. — The  Homogeneous  Decomposition  of  Ozoiie  in 
the  Presence  of  Oxygen  and  Other  Gases. 

By  David  Leonard  Chapman  and  Herbert  Edwin  Jones. 

It  has  been  shown  by  H.  E.  Clarke  and  one  of  us  (Trans.,  1908, 
93,  1638)  that  the  rate  of  decomposition  of  ozone  on  the  surface 
of  glass  is  so  slow  that  even  in  moderately  small  globes  the  amount 
of  ozone  destroyed  on  the  internal  surface  of  the  vessel  may  be 
neglected  in  comparison  with  that  decomposed  in  the  interior  of 
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the  gas.  In  other  words,  it  has  been  demonstrated  that  the  con- 
version of  ozone  into  oxygen  under  suitable  conditions  may  be 
assumed  to  be  a  homogeneous  change  without  any  appreciable  error 
being  made.  It  is  the  only  slow  chemical  change  in  the  gaseous 
state  which  has,  as  yet,  been  shown  to  satisfy  the  condition  of 
homogeneity  under  realisable  conditions. 

Since  the  quantitative  investigation  of  a  chemical  change  entirely 
confined  to  matter  in  its  least  complex  state  might  be  expected  to 
furnish  results  of  exceptional  theoretical  significance,  an  attempt 
was  made  by  Mr.  H.  E.  Clarke  and  one  of  us  to  construct  an 
apparatus  with  which  the  velocity  of  decomposition  of  ozone  in  the 
presence  of  oxygen  and  other  gases  might  be  measured ;  but  before 
the  apparatus  had  been  sufficiently  perfected  to  furnish  satisfactory 
results,  Mr.  Clarke  was  unfortunately  compelled  to  relinquish  the 
work.  The  investigation  has  been  continued  by  the  authors  of 
this  communication  with  the  aid  of  a  slightly  modifi  ?d  and  improved 
form  of  the  apparatus  originally  designed  by  Clarke  and  one  of  us. 
Before  giving  a  detailed  account  of  this  apparatus,  and  the  mode 
of  conducting  an  experiment,  it  will  be  convenient  to  state  the 
general  conclusions  that  have  been  drawn  from  the  results,  and  to 
indicate  what  we  believe  to  be  the  theoretical  significance  of  these 
conclusions. 

The  results  demonstrate  that : 

{a)  Oxygen,  nitrogen,  carbon  dioxide,  and  possibly  water  vapour 
have  no  effect  on  the  rate  of  decomposition  of  ozone,  that  is,  the 
rate  of  decomposition  of  ozone  in  the  presence  of  these  gases  is  a 
function  of  the  concentration  of  the  ozone  only. 

(h)  Nitrogen  peroxide  (Andrews)  and  chlorine  accelerate  in  a 
marked  degree  the  decomposition   of  the  gas. 

(c)  If  the  order  of  the  change  can  be  represented  exactly  by  an 
integral  ordinal  number,  that  number  is  the  second. 

In  respect  of  their  influence  on  the  rate  of  decomposition  of  ozone, 
gases  may  therefore  be  separated  into  two  classes — those  which  are 
without  effect,  and  those  which  act  as  powerful  catalysts.  That  a 
classification  based  on  such  a  striking  distinction  should  be  possible 
lends  strong  support  to  the  view  that  the  catalytic  action  of  the 
second  class  is  chemical  rather  than  physical  in  its  nature,  since 
a  physical  property  is  generally  shared,  in  a  greater  or  less  degree, 
by  all  gases.  Moreover,  nitrogen  peroxide  and  chlorine  are  sub- 
stances of  which  the  first  is  known  to  react  with  ozone,  and  the 
second  is  closely  related  to  an  element,  namely,  iodine,  which  has 
been  shown  to  be  oxidised  by  ozone. 

The  facts,  so  far  as  they  have  been  made  out,  indicate  that  the 
mechanism  of  the  decomposition  of  ozone  in  the  absence  of  catalysts 
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is  a  sim|jle  process,  consisting  of  the  conversion  of  two  molecules  of 
ozone  during  a  favourable  collision  into  three  molecules  of  oxygen. 
Such  a  view  is  in  harmony  with  the  fact  that  gases  having  no 
chemical  action  on  ozone  are  without  influence  on  its  rate  of  decom- 
position (for  the  number  of  collisions  between  pairs  of  molecules  of 
ozone  is  almost  independent  of  the  diluting  gas),  and  also  with  the 
fact  that  the  reaction  is  of  the  second  order. 

A  result  of    exceptional  interest  is  that  which    relates   to   the 

Fig.  1. 


influence   of   moisture.     The  discussion   of   this   will  be  relegated 
to  the  experimental  section  of  the  paper. 

Experimental. 

The  apparatus  used  for  the  preparation  and  collection  of  the 
ozonised  oxygen  is  depicted  in  Fig.  1.  The  oxygen  was  prepared 
by  heating  potassium  permanganate.  Dust  and  carbon  dioxide 
were  removed  from  it  by  its  being  passed  through  a  tube  packed 
with  glass  wool  and  soda-lime.  It  was  stored  in  a  small  gas-holder 
A,  which  contained  concentrated  sulphuric  acid.  The  gas-holder 
was  connected  by  narrow  capillary  tubing  with  a  Brodie  ozone 
generator  B,  made  of  thin  glass,  as  recommended  by  Shenstone 
(Trans.,  1893,  63,  938).  The  generator  was  immersed  in  dilute 
sulphuric  acid,  and  its  inner  tube  contained  metallic  mercury.  It 
was  connected  by  capillary  tubing  with  a  vessel  C,  containing  con- 
centrated sulphuric  acid  saturated  with  ozone.  As  the  ozonised 
oxygen   passed   into   this    vessel,  the    displaced    acid    entered    the 


2466       CHAPMAN   AND   JONES  :   HOMOGENEOUS   DECOMPOSITION   OF 

reservoir  D.  The  receptacles  D  and  C  were  connected  by  a  wide 
tube  a,  in  which  a  tap  T^was  inserted,  and  also  by  a  tube  h  of 
very  fine  bore. 

When  Ta  was  closed,  the  acid  entered  D  very  slowly,  owing  to 
the  resistance  offered  to  its  motion  by  the  capillary  tube,  and  the 
rate  at  which  the  ozonised  oxygen  entered  the  receiver  was  corre- 
spondingly slow.  The  upper  end  of  D  was  connected  with  a  device 
by  means  of  which  the  current  of  gas  could  be  further  regulated. 
The  wide  tube  E,  containing  powdered  potassium  hydroxide,  was 
ground  into  the  mouth  d  of  the  receptacle  D.  E  was  in  turn  joined 
by  rubber  tubing  to  a  flask  F,  containing  water,  which  could  be 
siphoned  out  drop  by  drop  through  the  fine  capillary  tube  G.  By 
raising  and  lowering  G,  the  rate  at  which  the  water  siphoned  over 
could  be  regulated,  and  the  flow  of  gas  through  the  ozone  generator 
thereby  controlled.  The  potassium  hydroxide  in  E  served  to 
destroy  traces  of  ozone  which  would  otherwise  have  attacked  the 
rubber  tube.  Before  use,  the  apparatus  was  cleansed  with  a  hot 
mixture  of  potassium  chromate  and  concentrated  sulphuric  acid, 
and  then  with  hot  distilled  water,  and  thoroughly  dried. 

All  air  was  displaced  from  the  apparatus  before  starting  an 
experiment  by  a  current  of  oxygen.  Oxygen  was  collected  in  the 
gas-holder,  and  a  volume  of  ozonised  oxygen  sufficient  for  one 
experiment  was  prepared  from  it.  The  tap  Tb  was  then  closed, 
and  the  oxygen  remaining  in  the  gas-holder  A  was  allowed  to 
escape.  The  gas  in  the  receiver  G  was  next  transferred  to  the 
holder  A,  the  taps  Ta  and  T^  being  left  open.  It  was  then  again 
drawn  slowly  through  the  ozone  generator  into  the  receiver  G,  the 
toil  being  in  action.  The  percentage  of  ozone  was  appreciably 
increased  by  the  gas  being  submitted  for  a  second  time  to  the 
action  of  the  silent  discharge. 

The  section  of  the  apparatus  used  to  measure  the  rate  of  decom- 
position of  the  ozone  (at  100°)  is  shown  in  Fig.  2. 

The  glass  tubes,  A-^  and  A 2,,  of  about  100  c.c.  capacity,  in  which 
the  ozone  was  heated,  communicated  by  capillary  tubes,  on  the  one 
side  with  the  previously  described  section  of  the  apparatus,  and 
on  the  other  with  the  left-hand  limbs  of  the  manometers  m^  and  7n^, 
which  contained  concentrated  sulphuric  acid.  The  right-hand  limbs 
of  the  manometers  were  connected  by  capillary  tubes  and  ground 
glass  joints  with  two  bottles,  B^  and  Ih,  of  about  2  litres  capacity 
each.  The  corresponding  parts  of  the  apparatus  were  made  as 
nearly  alike  as  possible.  The  apparatus  was  connected  with  an 
injector  pump  at  P,  and  was  provided  with  a  mercury  manometer 
at  M,  as  shown  in  the  diagram.  Taps  Tj,  T^,  and  Tg,  and  taps 
^v  ^2»  h^  ^4>  ^5>  ^6'  ^7»  's'  3-"^  <o>  provided  with  mercury  seals,  were 
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inserted  in  the  positions  indicated  in  the  figure.  The  pressure  on 
the  right-hand  side  of  the  manometers  was  kept  constant  by  the 
bottles  being  immersed  in  a  bath  of  water  at  a  fixed  temperature. 
The  water  in  the  bath  was  stirred  by  a  current  of  air,  and  the 
temperature  was  controlled  by  a  delicate  electric  thermoregulator. 
During  an  experiment  the  tubes  A^  and  A2  were  kept  at  100° 
by  means  of  a  current  of  steam,  which  entered  the  jackets  sur- 
rounding them  from  above.  In  a  preliminary  experiment,  it  was 
shown  that  the  temperature  of  both  of  the  tubes  could  be  raised 
to  that  of  the  steam  in  the  same  time.     Before  the  experiments 


Fig.  2. 


were  started,  ozonised  oxygen  was  passed  through  the  heated  tubes 
for  several  hours. 


Influence  of  Oxygen  on  the  Rate  of  Decomposition  of  Ozone. 

The  object  of  the  first  series  of  experiments  was  to  ascertain  the 
effect,  if  any,  of  varying  concentrations  of  oxygen  on  the  rate  of 
decomposition  of  the  ozone.  The  method  of  conducting  an  experi- 
ment was  as  follows. 

A  quantity  of  ozonised  oxygen  suflBcient  for  one  experiment  was 
collected  in  C,  the  ozone  remaining  in  the  generator  and  capillary 
tubes  being  subsequently  driven  out  through  the  taps  T,  and  T^  by 
a  stream  of  oxygen  from  the  holder  A . 

With  the  taps  <j,  tg,  and  To  closed,  and  ^2,  <3,  t^,  t^,  <e,  t^,  and  t^ 
open,  the  apparatus  was  exhausted  as  completely  as  possible  by  the 
injector  pump.     The  taps  t^,  t^,  and  t^  were  then  closed,  and  oxygen 
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admitted  from  the  holder  A  through  t-y  and  tg  until  the  volume 
between  the  taps  t^  and  ^3  and  between  the  taps  ^9  and  ^7  had  been 
filled.  The  pump  was  again  set  in  action,  and  the  taps  t^,  t^,  and 
^7  cautiously  opened.  When  the  limit  of  exhaustion  attainable 
with  the  injector  pump  had  been  reached,  the  process  described 
above  was  repeated,  the  removal  of  traces  of  air  from  the  tubes 
/4j  and  A2  being  thereby  ensured. 

After  the  final  exhaustion  the  taps  t^,  f^,  and  tg  were  closed.  By 
cautiously  opening  t^  and  tg,  ozonised  oxygen  was  admitted  to  the 
tubes  J.^  and  Ao  from  the  receiver  C,  the  pressure  on  both  sides 
of  the  manometer  being  maintained  the  same  by  the  simultaneous 
admission  of  air  into  the  bottles  B^  and  B2  through  the  taps  t^  and 
Tg.  When  the  manometer  M  indicated  a  pressure  of  a  little  less 
than  half  an  atmosphere,  t^  was  closed.  The  ozone  left  in  the 
capillary  tubes  on  the  left-hand  side  of  the  taps  ti  and  t^  was  dis- 
placed by  oxygen,  and  oxygen  was  then  introduced  into  the  tube 
A2  hy  carefully  opening  the  tap  tg,  air  being  at  the  same  time 
admitted  through  t^.  The  taps  Iq  and  tg  were  closed  when  the 
manometer  m  indicated  a  pressure  slightly  less  than  an  atmosphere. 

The  tube  A^  was  thus  filled  with  ozonised  oxygen  at  the  pressure 
of  half  an  atmosphere,  whilst  A  2  contained  the  same  amount  of 
ozone,  but  approximately  twice  as  much  oxygen. 

The  tubes  having  been  filled,  the  taps  ig  ^-nd  tg  were  opened, 
and  a  rapid  current  of  steam  was  passed  through  the  steam  jackets. 
After  one  and  arhalf  minutes  (when  the  contents  of  the  tubes  had 
attained  the  temperature  of  the  steam),  the  taps  ^2  ^.nd  t^  were 
closed.  The  differences  of  pressure  registered  by  the  manometers 
were  noted  at  regular  intervals.  Curves  were  plotted,  showing  the 
relation  between  the  increase  of  pressure  in  the  tubes  A  ^  and  A  2 
and  the  time.  It  sometimes  happened  that  the  total  amounts  of 
ozone  contained  in  A^  and  A  2  respectively  (as  indicated  by  the  total 
change  of  pressure)  were  not  exactly  equal.  In  such  cases  a  simple 
correction  was  applied  in  order  that  the  results  might  be  strictly 
comparable. 

The  changes  of  pressure  in  cm.  of  sulphuric  acid  are  plotted 
against  the  times,  and  the  four  pairs  of  curves  thus  obtained  are 
shown  in  Fig.  3.  The  circles  correspond  to  the  changes  of 
pressure  in  the  tube  which  contained  ozonised  oxygen  at  a 
pressure  of  half  an  atmosphere,  and  the  crosses  to  changes  of 
pressure  in  the  other  tube  v.^hich  contained  the  same  amount  of 
ozone  per  unit  volume,  but  twice  as  much  oxygen.  The  numbers 
attached  to  the  curves  indicate  the  order  in  which  the  experiments 
were  performed. 

These  results  point  decisively  to  the  conclusion  that  variation  in 
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the  pressure  of  the  oxygen  mixed  with  ozone  is  unattended  by 
appreciable  alteration  in  the  velocity  of  decomposition  of  the  latter 
gas  at  100°.  This  conclusion  does  not  appear  to  agree  with  the 
observations  of  previous  investigators. 

S.  Jahn  (Ztitsch.  anorg.  Ghem.)  1906,  48,  260)  and  Perman  and 

Fig.  3. 


Time  :  1  division  =  )i  hour. 

Greaves  (Proc.  Roy.  Soc,  1908,  .1 ,  80.  353)  assert  that  the  rate  of 
decomposition  of  ozone  varies  approximately  inversely  as  the  oxygen- 
pressure.  If  the  reaction  were  reversible,  this  result  might  bo 
expected;  but  Perman  and  Greaves  and  others  have  conclusively 
demonstrated  that  at  100°  it  may  bo  regarded  as  irreversible.* 

•  FUcher  and  Braehmcr  {Ber.,  1906,  39,  940),  h.ive  recently  shown  tliat  ozone  is 
formed  in  gniall  quantities  from  oxygen  at  teuipvraturw  above  1300°. 

Vol.    XCVII.  7    y 
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In  order  to  explain  his  results,  Jahn  has  suggested  that  the  decom- 
position of  ozone  occurs  iu  two  stages,  expressible  by  the  equations : 

03  =  0c+0 (a) 

03+0  =  202 (&) 

the  first  stage  being  rapid  and  reversible,  whilst  the  second  is  slow. 
These  assumptions  would  require  that  the  rate  of  decomposition  of 
the  ozone  should  be  directly  proportional  to  the  square  of  the 
concentration  of  the  ozone,  and  inversely  proportional  to  the  con- 
centration of  the  oxygen.  Jahn's  experiments  were  carried  out  at 
127°,  at  which  temperature  the  reaction  is  bimolecular,  according 
to  Warburg  {Sitzungsher.  K.  Akad.  Wiss.  Berlin,  1901,  48,  1126). 
Perman  and  Greaves,  on  the  other  hand,  consider  that  Jahn's 
hypothesis  is  not  justifiable,  and  that  the  alleged  effect  of  the 
oxygen  is  due  to  variations  in  the  gas  film  on  the  glass  surface 
resulting  from  the  changes  in  the  oxygen-pressure.  If,  however, 
the  decomposition  occurs  mainly  in  the  body  of  the  gas,  as  appears 
from  the  work  of  Clarke  and  one  of  us  (loc.  cit.),  the  suggestion 
must  for  that  reason  alone  be  discarded. 


Influence  of  Aqueous  Vapour  on  the  Rate  of  Decomposition  of 

Ozone. 

A  second  series  of  experiments  was  performed  in  order  to 
investigate  the  influence  of  water  vapour  on  the  rate  of  decom- 
position of  the  gas — -a  subject  of  considerable  interest,  both  on 
account  of  the  diversity  of  the  results  obtained  by  previous  workers 
and  of  its  bearing  on  the  general  problem  of  the  catalytic  effect  of 
moisture  on  most  simple  chemical  changes. 

The  experiments  were  carried  out  as  described  above,  except  that 
both  tubes  were  filled  with  ozonised  oxygen  at  a  pressure  of  a  little 
less  than  an  atmosphere,  and  that  the  gas  which  entered  the  tube 
A^  was  saturated  with  water  vapour  by  its  being  passed  through 
a  small  wash-bottle  containing  distilled  water.  To  prevent  any 
moisture  being  carried  over  into  A2,  a>  tap  was  inserted  on  the  left- 
hand  side  of  the  wash-bottle,  which  was  shut  off  while  A  2  was  being 
filled. 

The  eight  curves  obtained  by  plotting  the  results  of  four  experi- 
ments are  shown  in  Fig.  4.  In  experiments  Ilia  and  IVa,  the 
moist  gas  was  contained  in  the  tube  which  held  the  dry  gas  in  the 
two  previous  experiments.  The  crosses  correspond  to  the  changes 
of  pressure  of  the  moist  gas,  and  the  circles  to  the  changes  of 
pressure  of  the  gas  dried  by  concentrated  sulphuric  acid. 

Andrews  and  Tait,  and  also  Brodie,  in  their  classical  memoirs  on 
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ozone,  recommend  the  use  of  carefully  dried  oxygen  for  the  pre- 
paration of  ozone  by  the  silent  discharge. 

Shenstone  and  Cundall  (Trans.,  1887,  51,  610)  showed  that 
carefully  dried  oxygen  can  be  easily  converted  into  ozone — a  fact 
-which  was  shortly  afterwards  confirmed  by  Baker  (Trans.,  1894, 
65,  611),  who  stated  that  '"  ozone  was  formed  as  rapidly  in  oxygen 
dried  with  phosphorus  pentoxide  as  it  was  in  the  same  tube  when 
the  oxygen  had  been  dried  only  by  sulphuric  acid." 

As  a  result  of  further  investigations,  Shenstone  (Trans.,  1897, 
71,  471)  drew  the  remarkable  conclusion  that  all  previous  state- 

FiG,  4. 


Time  :  1 .  division  =  1  hour. 


ments  on  the  subject  were  wrong.  He  observed  that  a  high  per- 
centage of  ozone  is  formed  by  the  action  of  the  silent  discharge  on 
oxygen  saturated  with  water  vapour,  and  that  the  ozone  thus 
produced  is  remarkably  stable.  On  partly  drying  the  gas,  the 
percentage  of  ozone  produced  was  considerably  reduced,  and  the 
gas  was  found  to  be  singularly  unstable.  Oxygen  which  had  been 
thoroughly  dried  was  found  to  become  ozonised  exceedingly  badly. 
Subsequent  investigations  have  failed  to  confirm  Shenstone's  work, 
and  Armstrong  has  suggested  that  his  anomalous  results  may  be  due 
to  the  presence  of  oxides  of  nitrogen  (formed  by  continuous  action  of 

7  T  2 
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the  discharge  from  traces  of  nitrogen  contained  in  the  oxygen), 
which,  as  Andrews   has  shown,   immediately  destroy  ozone. 

Thomson  and  Threlfall  {Proc.  Roy.  Soc,  1885,  40,  340)  assert 
that  ozone  is  produced  when  an  electric  spark  is  passed  through 
very  carefully  dried  oxygen. 

Warburg  (loc.  cit.)  maintains  that  at  100°  the  dry  gas  is  just 
as  stable  as  the  moist. 

Warburg  and  Leithauser  {Ann.  Physik,  1906,  [iv],  20,  751) 
have,  moreover,  shown  that  the  formation  of  ozone  both  in  oxygen 
and  in  air  is  retarded  by  the  presence  of  moisture,  the  retardation 
being  greater  in  oxygen  than  in  air. 

Fischer  and  Marx  (Ber.,  1906,  29,  3631),  working  with  a  Nernst 
filament,  find  that  the  first  traces  of  moisture  lessen  the  yield  of 
ozone  by  catalytic  action,  whereas  larger  quantities  of  water  vapour 
increase  the  yield  of  hydrogen  peroxide  at  the  expense  of  the  ozone. 

Perman  and  Greaves  (loc.  cit.)  claim  to  have  shown  that  water 
vapour  accelerates  the  decomposition  of  ozone,  and  that  the  effect 
is  roughly  proportional  to  the  amount  of  water  vapour  present. 
They  consider  that  the  effect  is  due  to  the  deposition  of  moisture  on 
the  surface  of  the  glass,  which  causes  the  ozone  to  be  more  rapidly 
condensed.  They  point  out  that  their  results  do  not  agree  with 
those  of  Shenstone. 

Although  in  our  experiments  the  ozone  mixed  with  a  considerable 
proportion  of  water  vapour  appears  to  decompose  at  a  slightly 
greater  rate  than  that  which  has  been  dried  with  sulphuric  acid, 
the  difference  is  so  small  that  we  are  disposed  to  think  that  it  ought 
to  be  attributed  to  the  gradual  removal  of  water  vapour,  adsorbed 
on  the  inner  surface  of  the  glass,  at  the  higher  temperature,  or  to 
some  similar  cause.  We  are,  at  least,  justified  in  concluding  that 
at  100°  a  large  difference  in  the  quantity  of  water  vapour  present 
with  the  ozone  is  not  accompanied  by  any  marked  change  in  the 
velocity  of  decomposition.  Our  results  agree  with  those  of 
Warburg,  whose  experiments  were  also  conducted  at  100°. 

Influence   of  Nitrogen,    Carhon  Dioxide,    Carbon    Monoxide,    and 
Chlorine  on  the   Rate  of  Decomposition  of  Ozone. 

The  negative  character  of  the  results  obtained  with  the  first  three 
gases  is  sufficient  proof  that  no  appreciable  quantity  of  impurity 
capable  of  destroying  the  ozone  was  contained  in  them.  In  each 
case  concentrated  sulphuric  acid  was  used  to  dry  the  gas.  The 
experiments  were  conducted  as  follows. 

A  tube  containing  sodarlime  was  introduced  between  the  gas- 
holder and  the  ozone  generator  in  order  to  remove  any  carbon 
dioxide  from  the  oxygen.     The  tubes  A^  and  A^,  were  filled  with 
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ozonised  oxygen  at  a  pressure  of  half  an  atmosphere  in  the  manner 

previously  described.     Oxygen  was  then  admitted  to  one  tube  until 

a  pressure  slightly  less  than  an  atmosphere  was  registered  by  the 

manometer.     The   gas  of  which  the  effect  was  being  investigated 

was  then  introduced  into  the  other  tube  through  T^  or  Tg  until  the 

pressure  in  both  tubes  was  the  same.     The  rates  of  decomposition 

of  the  ozone  in  the  two  tubes  were  compared.     Several  experiments 

were  performed,  the  gas  under  investigation  being  introduced  into 

A-^  and  A2  alternately. 

Fig.  5. 
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In  the  case  of  nitrogen,  no  effect  on  the  velocity  of  decomposition 
was  observed,  while  the  experiments  with  carbon  dioxide  and  carbon 
monoxide  demonstrate  that  the  influence,  if  any,  of  these  gases  is 
small.  Chlorine,  on  the  other  hand,  was  found  to  decompose  ozone 
so  rapidly  that  it  was  quite  impossible  to  make  any  trustworthy 
measurement  of  the  velocity  of   decomposition. 

The  six  curves  obtained  by  plotting  the  results  of  three  experi- 
ments with  nitrogen  are  shown  in  Fig.  5.  In  the  experiments  II 
and  III,  the  nitrogen  was  contained  in  the  tube  which  in  the 
previous    experiment  held    ozonised    oxygen    only.      The     crosses 
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correspond  to  changes  of  pressure  in  the  gas  which  contained 
nitrogen,  and  the  circles  to  the  changes  of  pressure  in  the  other 
tube. 

The  readings  taken  in  the  experiments  with  carbon  dioxide  I  and 
carbon  monoxide  II  are  plotted  in  the  curves  shown  in  Fig.  6.  The 
circles  correspond  to  changes  of  pressure  in  the  tube  which 
contained  the  ozonised  oxygen  only. 

Fig.  6. 
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Shenstone  and  Evans  (Trans.,  1898,  73,  246),  while  investigating 
the  influence  of  the  silent  discharge  on  atmospheric  air,  were 
surprised  to  find  that  as  much  as  98  per  cent,  of  the  oxygen 
contained  in  the  air  could  be  converted  into  ozone,  the  maxiinuiu 
yield  of  ozone  obtained  from  pure  oxygen  under  the  same  con- 
ditions being  only  136  per  cent.  A  similar  observation  was  made 
by  Brodie  {rhil.  Trans.,  1874,  164,  101)  when  he  submitted  carbon 
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dioxide  to  the  action  of  the  same  agency;  the  carbon  dioxide  was 
decomposed  into  carbon  monoxide  and  oxygen,  85  per  cent,  of  the 
oxygen  being  in  the  form  of  ozone.  It  was  conceivable  that  these 
interesting  and  peculiar  phenomena  might  arise  from  inhibitive 
effects  on  the  thermal  decomposition  of  ozone  of  nitrogen  and  carbon 
dioxide  respectively.  The  above  experiments  demonstrate  that  such 
an  explanation  is  untenable,  and  that  the  phenomena  in  question 
must  be  due  to  some  obscure  influence  of  the  nitrogen  on  the  one 
hand,  and  the  carbon  dioxide  or  carbon  monoxide  on  the  other,  on 
the  energy  of  the  discharge  itself. 

Observations  on  the  Order  of  the  Change. 

In  examining  our  results  with  a  view  to  determining  the  order 
of  the  change,  we  have  adopted  a  novel  method.  Instead  of 
calculating  the  value  of  the  constant  for  each  observation  on  the 
assumption  that  the  change  is  of  a  given  order,  we  compare  the 
amounts  of  ozone  decomposed  at  given  intervals  of  time  with  those 
calculated  for  changes  of  a  specified  order.  This  method  of 
examining  the  results  has  the  obvious  advantage  of  enabling  us  to 
decide  at  a  glance  whether  the  departure  of  the  experimental 
numbers  from  those  calculated  from  any  given  set  of  assumptions 
as  to  the  nature  of  the  change  lie  within  the  limits  of  experimental 
error. 

A  curve  of  a  given  order  is  drawn  through  three  points  on  the 
experimental  curves,  the  points  selected  being  the  origin,  and  the 
points  corresponding  with  the  last  observation,  and  an  observation 
made  when  about  half  of  the  ozone  was  decomposed.  The  difference 
between  the  magnitudes  of  ordinates  (amounts  of  ozone)  of  the 
experimental  and  calculated  curve  at  different  times  are  then 
tabulated.  In  the  present  case  it  was  only  necessary  to  compare 
the  experimental  curve  with  calculated  curves  drawn  through  it 
of  the  first  and  second  order.  It  will  be  seen  from  the  numbers 
given  that  the  reaction  is  very  nearly  of  the  second  order.  Only 
the  numbers  obtained  in  those  experiments  in  which  large  quantities 
of  dry  ozone  were  decomposed,  and  in  which  readings  were  taken 
for  a  considerable  period  of  time  are  submitted  to  examination 
below. 
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Examination  of  the  Measurements  Made  in  Expei'iment  IV a-.    (Ay) 


Calculated 

Calculated 

Observed 

change  of 

Obs?rved 

change  of 

change  of 

pressure, 

Difference : 

change  of 

pressure, 

Difference  : 

Time, 

pressure. 

1st  order. 

A;i  =  0-00648. 

pressure. 

2nd  order. 

^-2  =  0-00142. 

2 

0-60 

0-36 

+  0-24 

0-60 

0-48 

+  0-12 

5 

1-30 

0-91 

+  0-39 

1-30 

1-16 

+  0-14 

10 

1-90 

1-68 

+  0-22 

1-90 

2-13 

-0-23 

16 

2-95 

2-57 

+  0-38 

2-95 

311 

-0-16 

58 

7-00 

7-00 

0 

7-00 

7-00 

0 

97 

8-50 

9-26 

+  0-71 

8-50 

8-65 

+  0-10 

178 

10-30 

11-26 

+  0-96 

10-30 

10-07 

-0-23 

238 

10-95 

11-76 

+  0-81 

10-95 

10-93 

-0-02 

298 

11-40 

11-97 

+  0-57 

11-40 

11-34 

-0-06 

397 

11-85 

12-08 

+  0-23 

11-85 

11-78 

-0-07 

508 

12-10 

1210 

0 

12-10 

1210 

0 

Sum  of  differences  =    +4-51 


Sum  of  differences  =    -  0-51 


The  calculated  curves  are  drawn  through  the  origin,  the  point 
(58,  7-00),  and  the  point  (508,  12-10).  If  the  difference  between 
the  ordinates  of  the  calculated  and  experimental  curves  indicates 
that  the  order  of  the  reaction  is  of  a  higher  value  than  that 
corresponding  with  the  calculated  curve,  a  plus  sign  is  attached  to 
it,  a  minus  sign  having  the  reverse  significance. 

It  will  be  evident  on  inspection  of  the  above  numbers  that  the 
reaction  differs  but  slightly  from  one  of  the  second  order. 

Examination  of  the  M easurements  made  in  E x'periment  Ilia,,     (^j.) 

In  this  experiment  the  rate  of  change  approximates  still  more 
closely  to  a  reaction  of  the  second  order. 


Calculated 

Calculated 

Observed 

change  of 

Observed 

change  of 

change  of 

pressure, 

Difference : 

change  of 

pressure, 

Difference  : 

Time. 

pressure. 

1st  order. 

A-i  =  0-00624. 

pressure. 

2nd  order. 

i-2  =  0  00141 

1 

0-25 

017 

+  0  08 

0-25 

0-23 

+  0-02 

3 

0-75 

0-50 

+  0-25 

0-75 

0-69 

+  0-06 

6 

1-55 

0-95    • 

+  0-60 

1-55 

1-30 

+  0-25 

9 

1-95 

1-44 

+  0-51 

1-95 

1-86 

+  0-09 

12 

2-40 

1-88 

+  0-52 

2-40 

2-36 

+  0-04 

18 

3-15 

2-69 

+  0-46 

3-15 

3-25 

-0-10 

24 

3-85 

3-26 

+  0  59 

3-85 

4-00 

-0-15 

30 

4-50 

4-15 

+  0-35 

4-50 

4-64 

-0-14 

51 

6-10 

6-16 

-0-06 

6-10 

6-35 

-0-25 

60 

6-85 

6-85 

0-00 

6-85 

6-85 

000 

75 

7-50 

7-82 

+  0-32 

7-50 

7-60 

+  0  10 

105 

8-60 

9-24 

+  0  64 

8  60 

8-61 

+  0-01 

129 

9-15 

10-00 

+  0-85 

9-15 

9-19 

+  0-04 

166 

9-75 

10-60 

+  0-85 

9-75 

9-69 

-0-06 

276 

1100 

11  63 

+  0-63 

11  00 

10-92 

-0-08 

381 

11-40 

11-81 

+  0-41 

11-40 

11-43 

+  0-03 

489 

11-80 

11-85 

+  0  05 

11-80 

11-76 

-0  04 

531 

11-85 

11-85 

0  00 

11-85 

11-85 

0-00 

Sum  of  differences  =    +7-06 


Sum  of  differences  =    -0-18 
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In  the  other  experiments,  in  which  the  initial  percentage  of  ozone 
was  less,  or  the  period  during  which  observations  were  made 
shorter,  the  order  of  the  change  falls  to  a  greater  extent  below  the 
second.  All  the  experiments  are  conclusive  in  demonstrating, 
however,  that  if  the  order  of  the  change  can  be  represented  by  an 
integral  ordinal  number,  that  number  is  the  second. 

SiK  Leoline  Jenkins  Laboratories, 
Jesus  College,  Oxford. 


CCLV. — The    Colour    Changes   of  Methyl- Orange   and 
diethyl- Red  in  Acid  Solution. 

By  Henry  Thomas  Tizard. 

It  is  well  known  that  the  colour  of  an  indicator  in  solution  depends, 
within  certain  limits,  on  the  concentration  of  the  hydrogen  ion  (or 
hydroxyl  ion)  in  the  solution.  These  limits,  which  vary  greatly 
with  the  nature  of  the  indicator,  have  been  determined  for  a  large 
number  of  indicators  by  Fels  (Zeitsch.  Elektrochem.,  1904,  10,  208) 
and  Salessky  (ibid.,  p.  205),  and  a  knowledge  of  them  enables  us  to 
choose,  for  any  given  volumetric  operation,  the  indicator  that  will 
give  the  best  results.  Conversely,  by  testing  a  solution  with  a 
large  number  of  indicators,  we  can  arrive  at  an  estimate  of  the 
concentration  of  hydrogen  ions  in  it.  Friedenthal  (Zeitsch. 
Elektrochem.,  1904,  10,  114)  and  Salm  {Zeitsch.  'physikal.  Chem., 
1906,  57,  471)  have  measured  in  this  way  the  degree  of  dissociation 
of  weak  acids  and  weak  bases,  and  have  obtained  results  agreeing 
often  to  within  a  few  per  cent,  of  those  obtained  by  conductivity 
measurements;  but  it  can  hardly  be  seriously  proposed  to  supersede 
tlie  latter,  more  accurate,  although  more  laborious,  method  by  the 
former,  except  when  the  acid  or  ba,sc  under  investigation  is  extremely 
weak.  On  the  other  hand,  the  determination  of  the  degree  of 
hydrolysis  of  salts  in  aqueous  solution  is  often  both  laborious  and 
at  the  same  time  subject  to  large  percentage  errors;  a  simple 
colorimetric  method  would  therefore  be  of  considerable  importance, 
provided  that  it  could  be  made  as  accurate  as,  or  more  so  than,  the 
methods  usually  employed.  Friedenthal's  method  cannot  be  con- 
sidered accurate  enough  for  this  purpose;  the  difficulty  of  judging 
colours  without  employing  a  suitable  apparatus  is  very  great,  and, 
moreover,  it  is  impossible  to  keep  weakly  acidic  standard  solutions 
of  indicators  (for  comparison)  unchanged  for  any  length  of  time. 
It  is  far  better  to  determine  once  and  for  all  the  relation  between 
depth  of  colour  and  the  concentration  of  the  hydrogen  ion. 
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For  this  purpose  only  those  indicators  can  be  us"^  that  are  either 
colourless  in  one  form,  or  exist  in  two  coloured  foms  which  are 
practically  alike  in  tint  and  only  differ  in  depth  of  coloul.  For  all 
practical  purposes,  methyl-orange  sufficiently  fulfils  the  latter  con- 
dition ;  the  complete  change  of  colour  of  this  indicator  from  dkaline 
to  strongly  acid  solutions  can  be  followed  by  matching  it  a^inst 
a  suitable  standard  solution  in  a  tintometer.  I  have  thereiore 
examined  this  change  of  colour  with  as  great  care  and  accuracy 
as  possible,  and  have  applied  the  results  obtained  to  the  deter 
mination  of  the  hydrolysis  of  aniline  salts  at  different  dilution, 
(see  following  paper).  Veley,  in  a  series  of  papers  (Zeifsch.  physikal. 
Chem.,  1906,  57,  147;  Trans.,  1907,  and  following  years),  has  to 
a  large  extent  opened  up  the  field  in  this  direction ;  but  he  worked 
only  with  extremely  dilute  solutions,  where  the  total  colour 
change  is  small,  and  the  error  of  observation  relatively  large. 
Further,  he  based  all  his  conclusions  on  empirical  relations,  which 
can  be  only  approximately  true.  For  these  and  other  reasons, 
which  will  be  mentioned  later,  his  results  can  only  be  considered 
qualitative. 

Theory  of  the  Colour  Change. 

The  simplest  theory  of  the  colour  changes  of  an  indicator  is  that 
of  Ostwald.  According  to  this,  the  ions  of  an  indicator  have  a 
different  colour  from  that  of  the  undissociated  molecule.  For 
example,  the  undissociated  molecule,  NMe2'C(5H4'NIN'CgH4*S03H, 
is  red,  whilst  the  ion,  NlMe2'CcH4-NIN'C6H4'S03',  is  light  yellow. 
It  has  recently  been  proved  in  many  cases,  and  is  probably  true  in 
all,  that  this  change  in  ionisation  is  accompanied  by  a  change  in 
the  chemical  structure  of  the  molecule.  According  to  Hewitt,  the 
undissociated  molecule  of  methyl-orange  mainly  consists  of  an 
internal  compound, 

(jJeH^-NH-NICgH^rNMea 

SO2 O 

to  which  the  deep  red  colour  is  due.  From  this  point  of  view, 
indicators  are  pseudo-acids,  the  pseudo-acidic  form  being  always  in 
equilibrium  with  the  true  acidic  form,  from  which  the  ions  are 
directly  derived.  It  must,  however,  be  emphasised  that  these  con- 
siderations make  no  difference  whatever  to  the  theoretical  treatment 
from  the  ionic  point  of  view ;  for  if  tlie  undissociated  acid  exists  in 
solution  in  two  or  even  more  forms,  these  must  always  be  present 
in  stiictly  constant  ratios,  and  hence,  for  all  practical  purposes,  the 
acid  behaves  as  if  it  existed  in  only  one  form.  This  will  be  assumed 
to  be  true  for  the  sake  of  clearness  in  the  following  considerations, 
but  it  must  be  understood  that  the  results  obtained  have  no  bearing 
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on  the  question  as  to  what  particular  form   of   the  undissociated 
molecule  the  deep  red  colour  is  due. 

Now  let  the  molecular  colour  of  the  ion  be  taken  as  unity,  and 
let  that  of  the  undissociated  acid  be  equal  to  Cj.  By  this  we  mean 
that  if  the  colour  of  a  solution  containing  completely  dissociated 
methyl-orange  is  balanced  by  a  height  "  h"  of  a  standard  solution 
in  a  tintometer,  the  colour  of  the  same  sohition  when  excess  of  acid 
(hydrochloric)  is  added,  that  is,  when  the  indicator  is  entirely  in 
the  undissociated  form,  will  be  balanced  by  a  height  =  Cj  x  h. 

Then  the  molecular  colour  of  a  solution  containing  methyl- 
orange  partly  in  the  undissociated  form,  and  partly  in  the  form  of 
ions,  will  be  somewhere  between  Cj  and  1.  Let  t/  equal  the  fraction 
undissociated,  and  therefore  (1— y)  the  fraction  dissociated.  The 
molecular  colour  of  the  solution  is  then  obviously  given  by  the 
equation : 

C  =  c,y  +  {l-y) (1). 

Further,  if  Ka  is  the  dissociation  constant  of  the  indicator  acid, 
we  have  by  Ostwald's  law : 

^«y  =  (1  -  y)  X  cone.  H*      ....     (2). 
Eliminating  y  from  (1)  and  (2),  we  have: 

cone.  H'  =  J^a^-^^ (3). 

Cj  —  C7 

Hence,  if  we  know  Ka  and  c^,  the  relation  between  the  molecular 
colour  C  of  a  solution  and  the  concentration  of  hydrogen  ions  it 
contains  is  completely  determined.  Ka  and  c^  can  be  determined 
by  measuring  the  colour  of  solutions  containing  varying  quantities 
of  hydrochloric  acid. 

When  y  =  l/2,  that  is,  when  the  indicator  acid  is  50  per  cent, 
dissociated,  the  molecular  colour: 

that  is,  is  just  midway  between  the  two  extreme  colours. 
Further,  equation  (2)  becomes: 

A'rt  =  cone.  H*. 

In  a  solution,  therefore,  the  colour  of  which  is  just  midway 
between  the  two  extreme  colours,  the  concentration  of  the  hydrogen 
ion  is  equal  to  the  dissociation  constant  of  the  indicator  acid. 
Salni  (lor.  cil.)  has  determined  in  this  way  the  di.ssociation  constant 
of  a  large  number  of  indicators.  He  measured  the  concentration  of 
the  hydrogen  ions  by  means  of  a  hydrogen  electrotle.  The  method 
is  of  advantage  when  the  two  extreme  colours  of  an  indicator  diflFer 
\videly,  but  since  only  one  solution  can  be  conveniently  examined, 
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the  results  are  probably  not  very  accurate,  although  of  the  right 
order  of  magnitude. 

Now  there  is  another  point  with  regard  to  methyl-orange  and 
allied  indicators  which  has  not  been  taken  into  account  in  the  above 
considerations.  All  these  compounds  contain  a  substituted  amino- 
group,  and  are  therefore  amphoteric  electrolytes.  Hence  in  an 
acid  solution  the  basic  ion,  for  example, 

NHMe^-CeH^-NIN-CeH^-SOgH, 
may  be  present,  as  well  as  the  undissociated  molecules.  To  this 
basic  ion  we  must  assign  a  molecular  colour,  say  C2,  and  its  presence 
to  any  considerable  extent  would  greatly  affect  conclusions  drawn 
from  colour  measurements.  Lunden  has,  in  fact,  criticised  Veley's 
results  adversely  from  this  point  of  view,  but,  as  will  be  shown 
later,    the    basic   dissociation   constant   Ki,  of    methyl-orange  is  so 

small  that  no  appreciable  quantity. of  the  HNMe^R  ion  is  formed 
even  in  iV/20-hydrochloric  acid.  On  the  other  hand,  that  of  methyl- 
red  (which  differs  from  methyl-orange  in  having  an  ortho-carboxyl 
instead  of  a  para-sulphonic  group)  is  larger,  and  in  consequence  we 
find  that  the  basic  properties  of  this  indicator  have  a  considerable 
influence  on  the  colour  in  solutions  which  are  greater  than 
iV/5000  with  respect  to  hydrogen  ions. 

If  we  consider  solutions  which  contain  only  the  basic  ion  and  the 
undissociated  acid,  and  if  the  fraction  of  the  former  present  is  y', 
and  therefore  that  of  the  latter  is   (1— y'),  then  as  before: 

C  =  C22/'+ Ci(l-2/') (la). 

Also,  Ostwald's  law  gives : 

Ki(\  —  y)  =  y'  X  cone.  OH.'. 

Since 

cone.  OH'  =       ^'^    . 
cone.  H 

(A'^p  =  dissociation  constant  of  water),  the  last  equation  becomes  : 

.5'V  =  (l-y')xconc.  H-  ....     (2a). 
Aft 

These  two  equations  arc  precisely  similar  in  form  to  equations  (1) 
and  (2),  and  it  is  evident  that  wo  cannot  decide  at  once,  without 
further    evidence,    whether    the    "  dissociation     constant,"    found 

K 

colorimetrically,   of   an   amphoteric   indicator  is  really    Ka  or  -^J*. 

This  is  especially  true  when  the  dissociation  constant  is  found  by 
Salm's  method.  When  the  whole  course  of  the  colour  curve  is 
examined,  it  is  generally  possible  to  see  at  a  glance  whether  tho 
change  of  colour  must  be  attributed  to  the  presence  of  three  coloure.l 
molecules  (basic  ion,  undissociated  molecule,  acid  ion)  in  the  solu- 
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tion,  or  only  two  (compare  the  curves  for  methyl-red  and  methyl- 
orange). 

EXPEBIMENTAL. 

To  test  these  equations,  and  to  determine  the  values  of  Ka  and 
Cj,  the  depth  of  colour  of  methyl-orange  solutions  of  known 
strength  in  presence  of  hydrochloric  acid  ranging  from  iV/20-  to 
-V/ 100,000  has  been  investigated.  The  apparatus  employed  was 
the  Donnan  tintometer,  used  as  described,  for  example,  by  Sidgwick 
and  Tizard  (Trans.,  1908,  93,  188).  The  standard  used  for  com- 
parison was  a  faintly  acid  solution  of  methyl-orange.  It  was,  of 
course,  unnecessary  to  know  its  exact  strength,  as  it  was  compared 
before  any  series  of  measurements  against  a  neutral  solution  of 
methyl-orange  of  known  strength.  The  colours  were  all  referred 
to  this  dilution  as  unit.  Veley  {Joe.  cit.)  found  it  impossible  to 
measure  the  depth  of  colour  of  a  strongly  acid  (red)  solution  of 
methyl-orange  by  comparing  it  to  the  same  standard  that  he  used 
in  his  colour  measurements  with  weakly  acidic  (orange)  solutions. 
I  found  comparatively  little  difficulty  in  doing  so;  the  difference 
may  be  partly  due  to  the  fact  that  whilst  Veley  used  daylight  as 
his  illuminant,  I  used  the  yellow  light  from  a  50  c.p.  electric 
lamp  (carbon  filament). 

All  the  solutions  used  were  made  up  carefully  by  weight  with 
conductivity  water.  They  were  filtered  to  remove  dust  as  far  as 
possible,  and  kept  in  steamed-out  Jena-glass  flasks. 

It  was  found  impossible  to  prepare  a  clear  solution  of  methyl- 
orange  with  a  concentration  greater  than  3'^/ 1000.  In  fact,  solu- 
tions of  this  strength  were  slightly  turbid,  but  immediately  cleared 
on  dilution.  The  effect  of  dilution  is  to  cause  a  slight  decrease  in 
molecular  colour,  as  the  following  measurements  show. 

Ten  c.c.  of  a  neutral  solution,  iV/2000,  were  taken  and  diluted  in 
the  tintometer  tube. 


10  c.c.  A/2000  solution 


This  decrease  in  colour  may  be  due  to  increasing  dissociation ; 
the  presence  of  even  a  small  quantity  of  undissociated  salt  may 
have  a  considerable  effect  on  the  colour.  In  the  experiments  with 
hydrochloric  acid,  the  methyl-orange  was  used  at  a  dilution  of 
F  =  20,000,  high  enough  to  avoid  complications  of  tliis  kind.  The 
last  colour  measurement  is  important.  Methyl-orange  is  a  sodium 
salt;  if  its  corresponding  acid  were  very  weak,  the  salt  would  be 


Ffor  methyl - 

Height  of 

orange. 

balancing  colamn. 

2000 
4000 

4-6 

+  10  c.c.  H,0 

4  3 

+  20  c.c.  HjO 

8000 

4-0 

+  60  c.c.  H,0 

20,000 

4-0 

+  a  few  dro|« 

iVVlO-alkali 

20,000 

4-0 
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considerably  hydrolysed  at  high  dilutions.  This  means  that  tLc 
solution  would  contain  undissociated  acid,  which  is  of  a  much 
deeper  colour  than  its  ions.  Addition  of  alkali  would,  in  this  case, 
diminish  the  colour  by  destroying  hydrolysis.  As  a  matter  of  fact, 
no  such  effect  is  observed,  and  this  is  strong  evidence  that  the 
acid  of  methyl-orange  cannot  be  very  weak;  on  the  contrary,  it 
must  be  considerably  stronger  than  acetic  acid.  We  should  there- 
fore expect  its  basic  dissociation  constant,  Ki,  to  be  correspondingly 
small.  These  conclusions  are  confirmed  by  the  colour  measurements 
with  hydrochloric  acid.  The  latter  measurements  were  carried  out 
in  the  following  way.  Ten  to  50  c.c.  of  an  iV/10,000-solution  of 
methyl-orange  were  placed  in  the  tintometer  tube,  a  suitable 
quantity  of  a  standard  solution  of  hydrochloric  acid  added,  and 
then  water  added  up  to  twice  the  original  volume  of  methyl-orange. 
The  concentration  of  the  latter  was  then  iV/ 20,000.  That  of  the 
hydrochloric  acid  varied  from  iV/20  to  i\^/ 100,000;  or,  if  we  denote 
the  ratio  (mols.  HCl)  -^  (mols.  methyl-orange)  by  "  a,"  "  a  "  varied 
from  20,000 -=-100,000  =  0-2  to  20,000 -^  20  =  1000. 

If  the  height  of  the  balancing  column  is  A',  and  the  height 
required  to  balance  the  same  amount  of  methyl-orange  in  neutral 
solution  is  h,  then  the  molecular  colour  of  the  acid  solution  is 
given  by: 

that  of  the  neutral  solution  being  taken  as  unity. 

Three  series  of  measurements  were  taken  on  different  days,  and 
with  entirely  fresh  solutions.  The  temperature  was  25°.  The 
greatest  deviation  in  the  molecular  colour  found  for  any  particular 
strength  of  solution  was  5  per  cent.,  the  usual  error  being  2  to 
3  per  cent..  It  was  found  impossible  to  reduce  the  error  consistently 
beyond  this  point. 

The  curve  for  methyl-orange  is  drawn  by  plotting  molecular 
colour  against  concentration  of  hydrogen  ions,  the  latter  being 
expressed  in  inverse  powers  of  10.  There  is  very  little  change  in 
colour  between  H'  concentrations  of  10  ~^  (neutral  solution)  and 
10"'';  after  this  point  the  rise  in  colour  is  rapid — the  middle  part 
of  the  curve  being  practically  a  straight  line — until  a  maximum  is 
reached  somewhere  about  the  point  cone.  H*  =  10~2^  the  colour  only 
rising  about  5  per  cent,  in  more  concentrated  solutions.  It  is 
obvious  from  the  curve  that  these  changes  can  be  explained  if  we 
assume  the  presence  of  two  coloured  substances  in  the  solution. 
These  must  evidently  be  the  anion  and  the  undissociated  acid,  and 
equations  (1)  and  (2),  or  (3)  may  therefore  be  applied. 

The  concentration  of  hydrogen  ions  in  the  solutions  examined  is, 
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however,  by  no  means  the  same  as  that  of  the  hydrochloric  acid 
added,  as  Veley  assumed,  since  the  undissociated  indicator  a-cid 
in  the  solution  is  formed  by  a  combination  of  part  of  the  anion  of 
the  salt  with  hydrogen  ions  derived  from  the  added  hydrochloric 
acid.  In  other  words,  the  concentration  of  hydrogen  ion  in  the 
solution  is  not  a/  V,  where  V  is  the  dilution  of  methyl-orange,  but 

a  —  y 

IT' 

y  being  the  fraction  present  in  the  form  of  undissociated  indicator 
acid. 

This  correction  is  of  considerable  importance,   especially  at  the 


10-^' 


extreme  dilutions  with  which  Veley  worked,  and  the  fact  that  he 
did  not  take  it  into  account  may  possibly  explain  some  of  his 
anomalous  conclusions. 

Equation  (2)  may  therefore  be  written  in  the  form : 

ir„.r.y  =  (l-y)(a-y). 
where  F  =  20,000. 

From  the  results,  the  mean  values  for  Ka  and  c^  are  found  to  be : 

Ka  =    4-25  X  10-*  (at  25°). 
Ci  =  18-8. 

The  agreement  between  calculated  and  observed  values  is  shown 
in  the  following  table : 
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mols.  HCl 

Cone  H*-  "'~y 

y- 

Colour 
(calc. ). 

Colour 

mols.  iudicatoi' 

20,000' 

(obs.). 

0  0 

10-7* 

0-00 

(1-00) 

(100) 

0-2 

10-5048 

0  021 

1-37 

1-38 

0-4 

10-4746 

0-041 

1-73 

1-68 

0-6 

10-4-568 

0-060 

2-07 

2-04 

0-8 

10-4-443 

0-078 

2-39 

2-39 

10 

10-4-344 

0096 

2-71 

2-65 

2  0 

10-4-040 

0-177 

4-15 

4-18 

5-0 

10—3-634 

0-353 

7-28- 

7-48 

100 

10-3-324 

0-527 

10-4 

10-7 

15-0 

1  0-3-144 

0-63 

12-2 

12-0 

25  0 

10-2-916 

0-74 

14-2 

*■   14-4 

50-0 

10—2-609 

0-85 

16-1 

If>-3 

100-0 

10—2-305 

0-92 

17-4 

17-3. 

1000-0 

10-1-300 

0-99 

18-6 

18-3  ' 

*  Neutral  point. 

Salm  found  Ka  =4*6  x  10-*    as  a  mean  of  several  values  ranging 
from  4-0  to  5-5.  \ 

The  greatest  deviation  between   the  observed  molecular   colov.irs 
and  those  calculated  by   means  of   the   above   equations  is   3  per 
cent.     It  appears  therefore  that  there  is  no  appreciable  quantity  o^f 
the  positive  ion  NMeoR  formed  even  when  the  concentration  of  th\^ 
hydrogen  ion  is  as  high  as  N  j^Q,  for  it  is  unlikely  that  the  coloui^^* 
of  this  ion  is  the  same  as  that  of  the  undissociated  molecule.     In, 
the  parallel  case  of   methyl-red,  it  is   distinctly  lower,  as  will  be 
shown   later.     If   we   assume  that  not  more  than    1    per   cent,  of 
the  methyl-orange  is  present  in  the  form  of  the  basic  ion  when  the 
concentration  of  the  hydrogen  ion  in  the  solution  is  10-^,  we  can 
deduce  an  upper    limit    for  the   basic    dissociation    constant  from 
equation  (2a),  which  gives : 


Kj, 


xO-01  =  0-99x10- 


or  Z6  =  ir«,=  10-i*(at25°). 

Ki,  is  therefore  probably  <^  10~^*. 

When  a  is  greater  than  1,  the  increase  in  colour  is  approximately 
proportional  to  the  increase  in  the  amount  of  hydrochloric  acid 
in  the  solution.  Thus,  with  each  successive  0"2  molecule,  the 
increase  in*colour  (calculated)  is  0-37,  036,  0-34,  0-32,  0-32.  This 
agrees  with  the  observations  of  Veley,  who  found  that  by  plotting 
increase  in  colour  against  concentration  of  acid  added,  a  straight 
line  was  obtained.  The  relation  is,  however,  evidently  only 
approximately  true. 

At  the  theoretical  neutral  point  the  concentration  of  hydrogen 
ions  is  10"'^.  Since  methyl-orange  does  not  appreciably  lighten  in 
colour  below  a  concentration  of  H*  =  10~^  it  must  be  considered  a 
bad  indicator  for  accurate  volumetric  analysis,  apart  from  the  fact 
that,  since  the  change  of  colour  takes  place  only  gradually,  it  is 
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diflScult  to  get  a  sharp  end-point.  On  the  other  hand,  the  closeness 
of  the  results  obtained  with  those  required  by  the  simple  theory 
expressed  by  equations  (1)  and  (2)  shows  that  methyl-orange  is  a 
very  good  indicator  to  use  for  the  quantitative  colorimetric 
estimation  of  the  concentration  of  hydrogen  ions  between  10-^  and 
10-^  that  is,  between  3'/ 1000  and  ^7100,000. 

Substituting  the  values  fovnd  for  Ka  and  c^  in  (3),  we  get  for 
the  relation  between  concentration  of  hydrogen  ions  and  molecular 
colour  of  methyl-orange  the  expression : 

C-1 


cone.  H*  =  4-25  x  IQ-^. 


18-8  -  C 


Methyl-red. 

In  order  to  throw  further  light  on  the  colour  changes  of  indicators 
which  are  amphoteric  electrolytes,  a  series  of  similar  colour  measure- 
ments were  made  with  methyl-red,  an  indicator  discovered  by  Rupp 
and  Loose  {Ber.,  1908,  41,  3905).  Its  constitution  is  expressed  by 
the  formula: 

nm&,-CcH^-n:n-CoH^-co.3H  (o). 

The  method  of  preparation  given  by  these  authors  is  not  satisfac- 
tory, only  small  yields  being  obtainable.  The  following  method  is 
recommended  by  Mr.  T.  F.  Winmill,  who  kindly  supplied  me  with 
the  indicator  in  the  first  place. 

Five  grams  of  anthranilic  acid  are  dissolved  in  150  c.c.  of  wat^r 
and  15  c.c.  of  concentrated  hydrochloric  acid.  To  this,  2"5  grams 
of  solid  sodium  nitrite  are  added,  and  the  solution  kept  for  half 
an  hour.  It  is  then  poured  into  a  solution  of  4 "65  grams  of 
dimethylaniline  in  a  mixture  of  5  c.c.  of  concentrated  hydrochloric 
acid  and  50  c.c.  of  water.  Fifty  grams  of  sodium  acetate  are 
added.  On  warming  to  40°,  the  red  product  quickly  separates, 
but  the  reaction  does  not  appear  to  be  complete  for  about  three 
hours.  The  substance  is  then  collected,  and  can  be  crystallised 
from  glacial  acetic  acid.     The  yield  is  almost  quantitative. 

Methyl-red  is  very  insoluble  in  water ;  its  saturated  solution  at  the 
ordinary  temperature  is  only  about  T/ 100,000.  Since  it  contains  a 
carboxyl  instead  of  a  sulphonic  group,  we  should  expect  it  to  be  a 
weaker  acid  than  methyl-orange,  and  a  correspondingly  stronger 
base.  In  accordance  with  this,  methyl-red  is  easily  soluble  both  in 
acids  and  in  alkalis.  Its  alkali  salts  are  surprisingly  soluble;  the 
potassium  salt  can  only  be  obtained  by  evaporating  an  alcoholic 
solution  to  dryness,  since  it  is  soluble  to  a  considerable  extent  in 
ether,  and  deliquescent  in  air.  Since  the  sodium  salt  of  helianthin 
(methyl-orange)  is  somewhat  insoluble  in  water,  the  diflFerence  in 
behaviour  is  striking. 

VOL.  xcvii.  7   z 
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The  pure  potassium  salt  appears  to  dissolve  completely  in  a  very 
small  quantity  of  water,  forming  a  very  deep  red  solution;  on 
diluting  further,  the  acid  separates  out.  The  hydrolysis  appears 
to  be  excessive  if  we  accept  the  value  for  the  dissociation  constant 
of  the  acid  (10-^),  found  from  the  colour  measurements,  but  since 
the  solubility  of  the  acid  is  so  small,  the  appearance  may  be  decep- 
tive. It  would  probably  be  interesting  to  investigate  further  the 
behaviour  of  the  alkaline  salts  of  this  indicator,  but  this  does  not 
come  within  the  scope  of  the  present  paper. 

Since  a  clear  neutral  solution  of  the  salt  could  not  be  obtained, 
the  saturated  solution  of  the  acid  was  used  in  the  colour  measure- 
ments. Its  strength  was  found  approximately  in  the  following  way. 
A  known  quantity  of  the  potassium  salt  was  dissolved  in  a  slight 
excess  of  alkali,  so  as  to  mak^^  an  iV/1000-solution;  10  c.c.  of  this 
were  then  diluted  to  1  litre.  This  i\^/100,000-solution  contained, 
of  course,  a  slight,  but  only  a  slight,  excess  of  alkali.  Ten  c.c.  were 
placed  in  the  tintometer  tube,  the  same  volume  of  iV^/lOOO-hydro- 
chloric  acid  added,  and  the  colour  was  measured.  Ten  c.c.  of  the 
saturated  solution  of  the  acid +  10  c.c.  of  iV^/lOOO-hydrochloric  acid 
were  then  measured  in  the  same  way.  It  makes  no  difference  if 
the  concentration  of  hydrogen  ions  in  this  solution  was  slightly 
greater  than  that  in  the  salt  solution,  for,  as  will  be  shown  later, 
the  molecular  colour  is  at  a  maximum  at  this  point,  and  does  not 
change  appreciably  between  H'  concentrations  of  i\'^/5000  and 
iV/2000  (seethe  curve  for  methyl-red). 

Since  the  depth  of  colour  of  the  two  solutions  was  approximately 
the  same,  the  strength  of  the  acid  solution  was  taken  to  be  roughly 
the  same  as  that  of  the  salt  solution,  namely,  i\'/ 100,000.  The 
saturated  solution  was  usually  diluted  in  the  tube  up  to  about  four 
times  its  original  volume. 

It  has  already  been  pointed  out  in  discussing  the  results  with 
methyl-orange,  that  the  concentration  of  the  hydrogen  ions  in  a 
very  dilute  solution  of  hydrochloric  acid  containing  an  indicator, 
is  not  the  same  as  that  of  the  hydrochloric  acid  itself,  but  is  less 
or  greater,  as  the  case  may  be.  In  order  to  allow  properly  for  this, 
we  must,  of  course,  know  exactly  the  quantity  of  indicator  present. 
The  uncertainty  of  the  actual  dilution  of  the  methyl-red  used 
makes,  therefore,  experiments  with  hydrochloric  acid  untrustworthy 
when  the  concentration  of  the  latter  falls  below  a  certain  amount. 
For  this  reason,  the  most  dilute  solution  of  hydrochloric  acid  used 
was  about  tV/ 30,000,  and  the  concentration  of  the  hydrogen  ion  in 
this  and  more  concentrated  solutions  was  taken  to  be  the  same  as 
that  of  the  hydrochloric  acid  present.  The  remainder  of  the 
curve    was   determined  by  measuring    the    colour   in    solutions  of 
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scxliuni  a<:etate  containing  varying  amounts  of  acetic  acid.  The 
concentration  of  the  sodium  acetate  was  .Y/500;  that  of  the 
hydrogen  ions,  when  a  certain  amount  of  acetic  acid,  equal  to  n 
times  that  of  the  sodium  acetate,  is  added,  may  then  be  easily 
calculated  by  means  of  Ostwald's  law,  the  dissociation  constant  of 
acetic  acid  at  18°  (the  temperature  of  measurement)  being  taken 
as  1-8  X  10-\     Hence: 

r8  X  10~^  X  cone.  HA  =  conc.  A'  x  cone.  H*. 

Since  we  may  assume  the  sodium  acetate  to  be  completely  dis- 
sociated, the  equation  becomes : 

HA 

cone.  H*  =  18  x  lO'S  x -^^-. 

NaA 

=  nx  1-8  xlO-^ 

Since  the  amounts  of  acetic  acid  and  sodium  acetate  in  the 
solution  are  always  large  compared  to  that  of  the  indicator,  the 
correction  that  must  be  made  when  strong  acids,  such  as  hydrochloric 
acid,  are  used  is  unnecessary. 

The  colour  curve  obtained  in  this  way  is  shown  on  p.  2483. 
The  lower  part  of  the  curve  is  similar  to  that  of  methyl-orange, 
but  the  colour  falls  again  when  the  concentration  of  hydrogen  ions 
is  greater  than  iY/2000  or  thereabouts.  We  must  therefore  assume 
that  two  changes  take  place : 

I.  NMeg.     .     .   COO'  +  H*    ::=  NMe^     .     .     .     COgH. 
11.  NMeg.     .     .   COaH  +  H*  ^  NHMeg       .     .     COgH. 

The  colours  of  the  acid  ion,  undissociated  molecule,  and  basic  ion 
are  taken,  as  before,  as  1,  Cj,  and  Co  respectively.  Since  the 
maximum  is  very  flat,  the  first  change  must  be  nearly  complete 
before  the  second  begins.  Disregarding  the  latter  for  the  present, 
then,  we  may  apply  the  equations : 

C  =  ciy  +  (l-y), 
K'aV  =  (1  -  y)  X  cone.  H*, 

to  the  lower  part  of  the  curve,  the  concentration  of  hydrogen  ions 
being  calculated  in  the  ways  already  indicated.  For  the  mean 
values  of  K'a  and  <*j,  we  find: 

K'a  =  1-05  X  10-''. 
c,    =  27-6. 

The  temperature  was  in  this  case  18°, 

The  following  table  contains  the  results  so  obtained : 


7  z  2 
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Molecular  Colour  of  Mtthyl-rtd. 
1. — Exferiments  with  Mixtures  of  Sodium  Acetate  and  Acetic  Acid. 


«     HA 

^"NaA- 

Cone.  H*. 

Colour  (obs.). 

Colour  (calc.). 

0-0 

10-8-272 

I'lO 

1-02 

0-005 

10-7046 

1-26 

1-22 

0-01 

10-6-745 

1-46 

1-46 

0-03 

10-6-268 

2-24 

2-30 

0-05 

10-6-046 

3-00 

3-10 

0-07 

10—5-900 

3-68 

3-84 

0-1 

lO-S-745 

4  86 

4-88 

0-13 

10-5-631 

5-86 

5-84 

0-2 

10-5-444 

7-84 

7-78 

0-3 

10-5-268 

10-2 

10-2 

0-4 

10—5-143 

12-2 

11-8 

0-6 

lO^w 

14-8 

14-5 

1-2 

10-4-666 

18-6 

18-9 

2-4 

10-4-.-i65 

22-0 

22-4 

5-0 

10-4-046 

25-2 

24-8 

2. — Experiments  with 

Hydrochloric  A  cid  np 

to  N/2000. 

Thci. 

Cone.  H-. 

Colour  (obs.). 

Colour  (cale. ). 

31,000 

10-4-491 

19-9 

21  0 

21,000 

10-4-322 

22-3 

22-8 

11.000 

10-4041 

24-9 

24  8 

9000 

10—3-954 

25-4 

25-3 

[5000 

]0-3-6i»9 

25-6 

26  2] 

[2000 

10-3-301 

25-6 

27  0] 

The  observed  and  calculated  values  closely  agree;  in  particular 
the  two  series  of  measurements  agree  well  where  they  overlap.  The 
last  colour  measurement  (in  iV/2000-hydrochloric  acid)  is  consider- 
ably below  the  calculated  value;  this  is  due  to  the  formation  of 
the  basic  ion.  In  still  higher  concentrations  of  hydrogen  ions,  the 
colour  sinks  further,  until  it  again  becomes  practically  constant 
when  cone.  H*  is  greater  than  N 120.  Equations  (la)  and  (2a) 
apply  to  this  case.  If  we  assume  that  no  acid  dissociation  takes 
place,  we  get : 

G=y^C2+{\-y^)c^, 
where  yo  is  the  fraction  of  the  indicator  present  in  the  basic  form, 
and  C2  is  the  molecular  colour  of  the  basic  ion ;  c^  has  already  been 
found  to  be  27'6. 

Also,  il  Ku  is  the  basic  dissociation  constant  of  the  indicator: 

-rrVi  =  (1   -2/2)  cone.  H". 

From  the  colour  measurements,  we  find : 

:^  =    20  X  10-3. 
Kb 
c„   =  18-6. 
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Molecular  Colour  of  Methyl-red  in  Solutions  of  Hydrochloric  Acid 
greater  tJtan  N/5000. 

Vac\-  Cone.  H*.  Colour  (obs.).  Colour  (calc.). 

2  KH'^  18-4  18-6 

10  lO-i-o  18-8  18-8 

20  10-1"'  18-8  18-9 

80  10-15  18-9  19  1 

40  10-1-"  19-2  19-2 

100  10-2"«>  19-9  20  0 

210  io-»«s  21-6  21-4 

410  10-««3  23-0  22-6 

1000  10-3W  24-8  24-6 

[2000  10-^-301  .25-6  25  8] 

[5000  10-S-6W  25-6  26  7] 

The  dilutions  V^ci  =  2000  and  5000  require  further  consideration ; 
it  is  evident  that  the  molecular  colours  at  and  between  these 
dilutions  cannot  strictly  be  calculated  on  either  of  the  assumptions : 
(1)  that  no  basic  ion  is  present,  (2)  that  no  acid  ion  is  present. 
Both  these  ions  as  well  as  the  undissociated  molecule  must  be  present 
to  an  appreciable  extent.  By  using  the  dissociation  constants  ffiven 
above,  we  can  calculate  the  amount  of  these  ions  present,  and  thus 
arrive  at  the  following  results : 


Acid  ion. 

Undiss.  moL 

Basic  ion. 

Vaci. 

(1- 2/1-2/2) 

2/1 

Vi 

Col.  (calc). 

Col.  (obs.). 

2000 

0015 

0788 

0-197 

25-4 

25-6 

5000 

0-045 

0-868 

0-087 

25-6 

25-6 

Hence  the  whole  course  of  the  colour  curve  is  satisfactorily 
accounted  for. 

Since  i:«,  =  0'6  x  10""  at  18°, 

,  J,        0-6x10-"       „     ,rt_i, 

we  have  Kj,  =  -— — -— ^  =  3  x  10  ". 

2  X  10"^ 

It  must  not,  of  course,  be  assumed  that  the  colours  of  methyl- 
orange  and  methyl-red  are  the  same  in  equivalent  alkaline  solution, 
because  the  molecular  colours  of  both  the  acid  ions  have  been  taken 
as  unity.  As  a  matter  of  interest,  however,  it  may  be  mentioned 
that,  as  far  as  could  be  judged,  the  difference  between  the  two 
depths  of  colour  of  the  two  acid  ions  is  but  small. 

As  an  indicator  methyl-red  is  greatly  superior  to  methyl-orange, 
as  the  colour  curves  show.  The  visible  change,  red  to  yellow,  takes 
place  between  10-^-^  and  10-^  that  is,  between  H*  concentrations 
of  37200,000  and  3710,000,000.  Not  only  therefore  is  the  end- 
point  very  much  sharper  than  when  methyl-orange  is  used,  but  the 
neutral  point  so  found  is  very  much  nearer  the  theoretical  neutral 
point.  Methyl-red  is,  in  fact,  an  extremely  sensitive  indicator,  and 
should  come  into  extended   use;  it  is  especially  valuable  for  the 
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exact   titration   of   moderately  weak   bases  (such   as  ammonia)   by 

strong  acids. 

As  a  means  for  measuring  colorimetrically  the  concentration  of 

hydrogen  ions  in  a  solution,  methyl-red  would  probably  be  found 

valuable  when    such    concentration   lies    between    10~^  and    lO"""^. 

Methyl-orange  cannot  be  used  when  cone.  H'  is  greater  than  10-". 

If  methyl-red  is  used  for  this  purpose,  it  would  be  advisable  to  refer 

all  molecular  colours  to  the  maximum  colour  found  when  cone.  H' 

lies  between  iV^/2000   and  iV/5000;    this  maximum  colour   can   be 

measured  very  accurately,  whilst  the  extreme  yellow  colour  of  the 

ion  is  somewhat  difficult  to  measure.     Taking  the  maximum  colour 

as  25'6,  the  theoretical  colour  of  the  undissociated  molecule  is  27*6, 

and  the  relation  between  concentration  of  hydrogen  ions  (between 

10-*'5  and   10-^"^,  say)   and  the  molecular   colour  of  the  solution 

can  be  expresed  by  the  equation  : 

„.       l-05xl0-5((7-l) 

cone.  H    =  ——- — ^- '. 

27-6 -C 

'  Summary. 

The  depths  of  colour  of  methyl-orange  and  methyl-red  in  solutions 
of  varying  concentrations  of  hydrogen  ions  have  been  measured. 
From  the  results,  the  following  constants  have  been  deduced : 

Methyl-orange  (at  25°) : 

NMe2-C6H4-N:N-C6H4-SOs,H     4-25x10-'  <10-i^ 

Methyl-red  (at  18°)  : 

NMe2-C6H4-N:N-C6H4*C02H  (o)  1-05x10-3  3  x  10-i» 

The  value  of  methyl-red  as  an  indicator  is  discussed. 

Expressions  are  given  connecting  the  depths  of  colour  of  methyl- 
orange  and  methyl-red  solutions  with  the  concentrations  of  hydrogen 
ion  in  the  solutions. 

Davy-Fabaday  Laboratory, 
BoYAL  Institution. 


CCLVI. — The   Hydrolysis   of  Aniline    Salts   Measured 
Colorimetrically. 

By  Hknry  Thomas  Tizard. 

In  the  preceding  paper  it  was  shown  that  the  concentration  of 
hydrogen  ions  in  a  solution  of  methyl-orange,  the  molecular  colour 
of  which  is  C,  is  given  by  the  equations : 

C  =      18-8y  +  (l-y) (1) 

4-25x10-^     =      (l-y)xcvnc.H* (2), 


ANILINE   SALTS   MEASURED   COLORIMETRICALLY.  2491 

where  y  denotes  the  fraction  of  methyl-orange  present  in  the  form 
of  undissociated  indicator  acid. 

These  equations  have  now  been  used  to  determine  colorimetrically 
the  degree  of  hydrolysis  of  aniline  salts. 

Aniline  Hydrochloride. 

Aniline  hydrochloride  was  prepared  by  mixing  equivalent 
quantities  of  pure  concentrated  hydrochloric  acid  and  aniline, 
which  was  purified  in  the  way  recommended  by  Hantzsch  and 
Freese  {Ber.,  1894,  27,  2966).  The  salt  was  recrystallised  from 
water  slightly  acidified  with  hydrochloric  acid.  The  colour  measure- 
ments were  made  in  exa<:tly  the  same  way  as  that  described  in  the 
preceding  paper.  The  temperature  of  observation  was  25°.  One  of 
the  chief  objections  to  the  measurement  of  hydrolysis  by  colorimetric 
observations  seems  to  be  the  difficulty  of  keeping  the  temperature 
constant.  It  was  found  best  to  keep  the  solutions  until  just  before 
use  in  a  thermostat  at  the  required  temperature,  and  then  to 
transfer  the  requisite  amount  quickly  to  the  tintometer  tube. 
Since  with  a  certain  amount  of  practice  accurate  colour  measure- 
ments can  be  made  very  rapidly,  the  temperature  alters  only  slightly 
during  the  actual  experiment.  In  the  experiments  communicated 
in  this  paper,  it  certainly  did  not  vary  sufficiently  to  affect  the 
colour  outside  the  unavoidable  error  of  observation. 

The  dilutions  examined  ranged  from  1/20-  to  1/1200-normal. 

In  a  pure  aqueous  solution  of  a  salt  of  a  weak  base,  the  con- 
centration of  the  hydrolysed  base  is,  of  course,  equal  to  that  of  the 
free  hydrogen  ions  in  the  solution.  When,  however,  an  indicator, 
such  as  methyl-orange,  is  also  present  in  the  solution,  it  partly 
combines  with  the  hydrogen  ions,  and  the  concentration  of  the  latter 
will  therefore  be  less  than  that  of  the  hydrolysed  base.  Thus,  if  x 
is  the  fraction  of  salt  hydrolysed,  V^  the  dilution  of  the  salt,  V^ 
that  of  the  indicator,  and  y  (as  before)  the  fraction  of  the  latter 
present  in  the  form  of  undissociated  acid : 

X 

TjF-   =   cone,  aniline 
'\ 

—  cone.  H'    -h   -^. 

This  correction  is  of  considerable  importance  when  hydrolysis  is 
large  and  the  dilution  of  the  indicator  not  too  great.  Thus,  to 
take  an  example  from  the  following  t^ble.  when  Ki  =  200  and 
r.,  =  20,000,  the  molecular  colour  is  found  to  be  863.  From 
equations  (1)  and  (2)  we  get : 

y  =  0-429,  cone.   H'  =  319  x  10"*; 
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hence 


cone,  aniline 


3-19    X 
3-40    X 


10-4    + 
10"*. 


0-429 

2o;ooo 


The  difference  between  the  two  concentrations  is  thus  7  per 
cent.  It  was  not  taken  into  account  by  Veley  in  researches  of  a 
similar  nature,  and  this,  together  with  the  reasons  already  put 
forward  in  the  previous  paper,  may  explain  the  frequent  difference 
between  his  results  and  those  arrived  at  by  other  methods. 

The  hydrolysis  constant  is  given  by  the  equations : 

Ky,   _   cone.  CfiHfj'NH,  x  cone.  H* 


cone.  CgHg'NHg 


1 


X    cone.  H'. 


The  following  table  contains  the  results  obtained : 


V,. 

V.,. 

Colour  (C). 

"^   17-8 

cone.  H-  X  10^.  100^. 

|.X10.. 

20 

20,000 

12-6 

0-652 

7-94 

]-65 

(0-133) 

30 

30,000 

11-9 

0-612 

6-71 

2-07 

(0-142) 

40 

40,000 

11-4 

0-584 

5-97 

2-51 

(0-154) 

60 

30,000 

10-7 

0-545 

5-09 

3-16 

(0-176) 

80 

20,000 

10-4 

0-528 

4-76 

4-12 

(0-204) 

100 

30,000 

9-86 

0-498 

4-21 

4-38 

(0-193) 

200 

20,000 

8-63 

0-429 

3-19 

6-80 

0-230 

300 

15,000 

7-84 

0-3S4 

2-65 

8-73 

0-253 

400 

20,000 

6-97 

0-335 

2-14 

9-24 

0-218 

500 

20,000 

6-63 

0-316 

1-96 

10-6 

0-232 

600 

15,000 

6-25 

0-295 

1-78 

11-9 

0-240 

800 

13.333 

5-86 

0-273 

1-59 

14-3 

0-265 

1000 

20,000 

5-48 

0-252 

1-43 

15-6 

0-264 

1200 

20,000 

4-92 

0-220 

1-20 

15-7 

0-223 

A  2  per  cent,  error  in  colour  measurement  corresponds  on  an 
average  with  an  error  in  the  hydrolysis  constant  of  10  per  cent., 
so  that  the  fluctuations  of  the  constant  from  the  mean  value  for  the 
last  eight  dilutions  are  within  the  error  of  observations,  and, 
moreover,  are  not  materially  greater  than  those  found  when  other 
methods  of  measurement  are  employed.  The  actual  mean  value  of 
the  constant  for  these  eight  dilutions  is : 


^   =    0-242 


10-*, 


whereas  Bredig  (Zeitsch.  'physikal.  Chem.,  1894,  13,  239)  found  by 
conductivity  measurements : 

^'?   =   0-24    X    lO-i. 

The  two  values  are  thus  practically  identical. 

At  higher  concentrations,  however,  the  constant  is  very  much 
smaller,  and  appears  to  increase  quite  regularly  with  the  dilution. 
This  difference  is  too  great  to  be  accounted  for  by  the  incomplete 


ANILINE   SALTS   MEASURED   COLORIMETRICALLY.  2493 

dissociation  of  the  aniline  hydrocliloride,  and  as  the  behaviour  has 
not  been  observed  when  other  methods  are  used,  it  is  presumably 
due  to  the  formation  of  a  compound  with  methyl-orange,  which 
aflFects  the  colour  to  a  small  extent.  With  aniline  acetate,  however, 
no  such  phenomenon  was  observed;  the  colour  in  a  .V/20-solution 
of  this  salt  is  perfectly  normal.  The  so-called  neutral  salt  action 
discussed  by  Szyszkowski  (Zeitsch.  fkysikal.  Chem.,  1910,  73,  269) 
is  apparently  unconnected  with  the  above  phenomenon,  for  methyl- 
orange  appears  to  indicate  a  higher  concentration  of  hydrogen  ion 
in  presence  of  sodium  chloride  than  the  solution  contains,  whereas 
the  reverse  is  true  with  aniline  hydrochloride. 

On  the    whole,    it    is  perhaps  inadvisable    to    use    concentrated 
solutions  of  salts  in  colour  measurements  of  this  kind. 


Aniline  Acetate. 

This  salt  has  apparently  not  been  prepared  in  the  solid  state.  A 
mixture  of  equivalent  weights  of  pure  aniline  and  acetic  acid  will 
not  solidify  when  cooled  to  —  20°,  but  as  the  liquid  is  extremely 
viscous  at  this  temperature,  it  is  probably  supercooled.  If  the 
equivalent  mixture  is  kept  for  some  time,  acetanilide  is  formed. 
The  solution  used  in  these  experiments  was  therefore  made  by 
mixing  equivalent  quantities  of  T/o-aniline  and  T/5-acetic  acid, 
both  of  which  were  made  up  accurately  by  weight  from  the  pure 
substances. 

In  a  solution  of  a  salt  of  a  weak  acid  and  a  weak  base,  the 
dissociation  constants  of  which  are  Ka  and  Ki,  respectively,  let  y  be 
the  degree  of  dissociation  of  the  salt,  and  x  the  fraction  hydrolysed ; 
then  Ostwald's  law  gives  the  two  equations: 


hence; 


or 


Ka.X    =    (1 

-  x)  y.  cone.  H' 

Kb.x   =   (i 

-  x)  X  coDc.  OH'; 

K.K^     _   ^^ 

/(I  -  x)« 


X /  K„ 

y(l  -  «)         V  £^.Kt 

This  is  the  well-known  equation  for  the  hydrolysis  of  such  a  salt; 
it  signifies  that  when  the  salt  is  completely  dissociated  (y^l),  the 
degree  of  hydrolysis  is  independent  of  the  dilution.  It  has  not, 
however,  yet  been  pointed  out,  so  far  as  I  know,  that  the  con- 
centration of  the  hydrogen  (and  hydroxyl)  ions  in  a  solution  of  a 
weak  salt  must  always  be  constant,  whatever  be  the  dilution,  and 


2494  HYDROLYSIS   OF   ANILINE   SALTS. 


cone.  H'    =       ^'^•^  .    =    ,  /±wj^   =   constant. 


Aniline  acetate. 

Colour, 

20 

1-92 

40 

1-92 

50 

1-90 

80 

1-90 

100 

1-90 

200 

1-91 

500 

1-90 

whether  the  salt  is  completely  dissociated  or  not.     This  follows  at 
once  from  the  above  equations,  for 

/  KyyKa 

y(l  -x)        W      K, 

A  striking  proof  of  this  can  be  obtained  colorimetrically.     The 

addition  of  a  few  drops  of  the  aniline  acetate  solution  to  a  neutral 

solution  of  methyl-orans:6  causes  the  same   rise  in   colour  as  the 

addition  of  a  large  quantity.     The  results  of  actual  experiments  are 

shown  below: 

X  (For  complete 
Mean.  cone.  H'.  dissociation). 


1-91  0-229x10-^  0-560 


The  molecular  colour  is  constant  within  the  errors  of  observation 
when  the  concentration  of  aniline  acetate  varies  from  N/20  to 
iV/500.  From  the  colour,  the  concentration  of  the  hydrogen  ion 
is  obtained  as  before,  and  then  the  degree  of  hydrolysis  is  calculated 
from  the  equation : 

X         _     cone.  H* 

Ka  being  1-8  x   IQ-^. 

In  this  way  we  find  a;  =  56'0  per  cent.  Arrhenius  and  Walker 
(Zeitsch.  phpsikal.  Chem.,  1889,  5,  18)  found  that  for  the  same 
salt  the  percentage  hydrolysed  was  55"5,  as  a  mean  of  the  values 
for  six  different  dilutions  ranging  from  F  =  12*5  to  F  =  400. 

The  two  methods  therefore  give  practically  identical  results. 

From  the  hydrolysis  of  the  chloride,  we  can  calculate : 

^'  =   0-2TfV*  =  0^4    ""    '"-"  (^»  "  !■•  '^  ">-"  "'  ''°> 
-   4-6      X    10-^0 
from  that  of  the  acetate: 

^  Ky,.Ka       ^    11  X  IQ-i^  X  1-8  X  IQ-s 

''   "    (cone.  H'p  00522  x  lO-s 

=  3-8  X  10-10. 
This  difference  is  within  the  error  of  hydrolysis  measurement  by 
any  method.  The  colorimetrie  method  used  in  the  investigation 
seems  to  give  too  low  values  for  the  hydrolysis  constant  of  the 
hydrochloride,  so  that  Kb  calculated  from  the  hydrolysis  of  the 
acetate  is  probably  more  accurate.     In  any  ease  the  mean  value : 

Ko   =    4-2  X  10-10  at  25° 
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cannot  be  far  from  the  truth.     The  number  accepted  by  Lunden 
(46  X  10"!'')  appears  therefore  too  high. 

In  conclusion,  the  results  communicated  in  the  present  paper  show 
that,  with  proper  precautions,  hydrolysis  can  be  measured  colori- 
metrically  by  means  of  methyl-orange,  with  an  accuracy  that 
compares  favourably  with  that  attained  by  other  methods.  The 
base  should,  however,  have  a  dissociation  constant  less  than  10"'. 
For  bases  stronger  than  this,  but  weaker  than  ammonia,  methyl-red 
will  probably  be  found  suitable.  Since  the  apparatus  and  the 
method  of  working  are  extremely  simple,  there  is  no  reason  why  the 
colorimetric  method  should  not  come  into  more  extended  use. 

Summary. 

It  is  shown  that  the  degree  of  hydrolysis  of  aniline  salts  can  be 
accurately  determined  by  measuring  the  depth  of  colour  of  methyl- 
orange  in  the  solution,  and  then  calculating  the  concentration  of 
hydrogen  ions  by  means  of  the  equations  deduced  in  the  preceding 
paper. 

It  is  also  pointed  out  that  the  concentration  of  hydrogen  ions  in 
a  solution  of  a  salt  of  a  weak  acid  and  a  weak  base  is  always  the 
same,  whatever  the  dilution  and  degree  of  dissociation  of  the  salt. 

The  researches  communicated  in  this  and  the  preceding  paper 
were  carried  out  in  the  Davy-Faraday  Laboratory  of  the  Royal 
Institution.  I  should  like  to  express  here  my  thanks  to  the 
managers  of  the  laboratory  for  the  facilities  they  have  placed  at 
my  disposal. 

Davy-Faraday  Laboratory, 
Royal  iNSTixuTioy. 


CCLVII. — Syntheses  in  the  Epinephrine  Series.    Pai't  II. 
The  Formation  arid  Properties  of  Some  2  :  5-  and 
2 :  Q-Suhstituted   Pyrazine^i   and    their    Conversion 
into  Amino-ketones  and  Imino-diketones. 
By  Frank  Tutin.* 

In  a  recent  communication  (Tutin,  Caton,  and  Hann,  Trans.,  1909, 
95,  2113)  it  was  shown  that  the  action  of  ammonia  on  w-chloro- 
/v-hydroxyacetophenone  did  not  result  in  the  formation  of  to-amincv 
7>hydroxyacetophenone,  but  yielded  only  resinous  products.  This 
result  was  considered  somewhat  remarkable,  inasmuch  .-is  the 
analogous  chloro-m/>-dihydroxy-ketone  readily  yields  the  correspond- 
ing amine  (D.R.-P.   155632).      The    behaviour    of    a    number    of 
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(D-cliloroacetophenone  derivatives  on  heating  with  ammonia  has 
therefore  been  investigated,  with  the  result  that  it  has  been  rendered 
evident  that  these  compounds  may  be  divided  into  three  classes, 
according  to  the  products  which  they  yield  on  this  treatment. 
Thus,  (o-chloro-mp-dihydroxyacetophenone,  on  treatment  with 
ammonia,  behaves  in  a  normal  manner,  yielding  the  corresponding 
amine.  Only  amorphous  products  result  from  the  interaction  of 
ammonia  and  w-chloro-p-hydroxyacetophenone,  (n-chloro-o-methoxy- 
acetophenone,  or  w-chloro-o'p-dimethoxi/acetophenone.  When,  how- 
ever, either  w-chloroacetophenone,  w-chloro-^^-methoxyacetophenone, 
or  (ji-chloro-Tap-dimethoxT/acetophenone  is  heated  with  alcoholic 
ammonia,  the  principal  product  of  the  reaction  is  a  mixture  of 
2 :  5-  and  2  :  6-substituted  pyrazines,  in  about  equal  proportions. 

The  formation  of  2 :  5-diphenylpyrazine  (II)  from  w-bromoaceto- 
phenone  and  ammonia  was  studied  by  Gabriel  {Ber.,  1908,  41, 
1127),  who  showed  that,  after  replacement  of  the  halogen,  3:  6-di- 
hydro-2 :  5-diphenylpyrazine  (I)  was  formed,  and  that  this  then 
underwent  spontaneous  oxidation  to  the  diphenylpyrazine,  as 
follows : 

COPh-CH,^  <CPi^-CN2>j^  yyCPhlCH 

■"^a^CHg-COPh     ^-^2    ^      ^GH^-CPh^^^  ^CHICPh^    ' 

(I.)  (II.) 

The  last-mentioned  author,  however,  overlooked  the  fact  that 
2  :  6-diphenylpyrazine  is  also  formed  in  this  reaction,  and  the  mode 
of  production  of  this  compound  therefore  remains  to  be  explained. 
Gabriel   (loc.    cit.),   however,    identified  diphenacylamine, 

(Ph-CO-CH2)2NH, 
as  a   product  of    the    interaction     of     w-bromoacetophenone    and 
ammonia,  and  the  present  author  has  similarly  obtained  this  base, 
as  a  minor  product,  from   w-chloroacetophenone. 

It  is  now  shown  that  diphenacylamine  (III)  and  its  derivatives 
are  intermediate  compounds  in  the  formation  of  2 :  6-substituted 
pyrazines,  for  they  pass  into  the  latter  on  heating  with  ammonia. 
The  series  of  changes  which  results  in  the  formation  of  2 :  6-di- 
phenylpyrazine (IV)  from  to-chloroacetophenone  and  ammonia  may 
therefore  be  represented  as  follows : 

CH^Cl-COPh  ^jj^^CH.-COPh 

(III.) 
NH<CH:CPh.OH  ^^3  ->  NH<^jj.(,p,^>NH  _> 


(V.) 

-A 

(IV.) 


\cH:cPh/ 
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According  to  this  scheme  the  action  of  ammonia  on  diphenacyl- 
amine  first  results  in  the  production  of  1:  A-dihydro-2:  Q-dipheni/l- 
■pyrazine  (V),  which  then  passes  into  2 :  6-dipheuylpyrazine  by 
spontaneous  oxidation.  The  change  might,  however,  conceivably 
take  place  as  follows : 

^CH,-COPh    ,„  /CH,-CPh:NH 

^CH,-CPh^  yyCHICPh.^ 

(VI.) 

If  this  be  the  case,  the  intermediate  compound  will  be  3 :  4-6?i- 
hydro-1 :  6-diphenylpyrazine  (VI). 

The  change  which  is  here  shown  to  occur  on  heating  compounds 
of  the  type  (R'CO*CH2).2NH  with  ammonia  does'not  appear  to  have 
been  observed  before,  and  it  therefore  seems  to  afford  a  new, 
general  method  for  the  production  of  2 :  6-substituted  pyrazines. 

The  interaction  of  ammonia  and  co-chloro-p-methoxyacetophenone 
proceeds  similarly  to  that  of  cj-chloroacetophenone  and  ammonia, 
yielding,  as  principal  products,  pp'-diniethoxy-2  :  5-diphenyIpyrazine 
(m.  p.  223°)  and  pp'-dimethoxy-2  :  G-diphenylpyrazine  (m.  p.  137'5°). 
The  former  of  these  two  compounds  is  of  particular  interest,  as,  on 
fusion,  it  passes  into  the  "  liquid-crystalline  "  state,  and  this  phase 
persists  over  an  exceptionally  large  range  of  temperature,  namely, 
4r4°.  pp'-0imethoxy-2 :  5-diphenylpyrazine  therefore  represents  a 
new  addition  to  the  already  considerable  list  of  "  liquid-crystalline  " 
p-anisyl  derivatives,  but  it  appears  to  be  the  first  compound  of  this 
class  in  which  the  anisyl  group  is  attached  to  a  ring.  A  further 
interesting  property  of  27p'-dimethoxy-2 :  5-diphenylpyrazine  is  that 
its  solutions  exhibit  a  violet-blue  fluorescence,  a  behaviour  which 
has  not  previously  been  observed  amongst  pyrazine  derivatives. 
Furthermore,  on  the  addition  of  a  drop  of  concentrated  hydrochloric 
or  sulphuric  acid  to  a  chloroform  solution  of  this  base,  a  most 
brilliant  green  fluorescence  is  produced.  2'P'"I^^°^6thoxy-2 :  6-di- 
phenylpyrazine  behaves  in  marked  contrast  to  its  2 :  5-substituted 
isomeride,  as  it  fluoresces  but  slightly,  and  only  in  neutral  solution, 
and  it  does  not  pass  into  the  "  liquid-crystalline  "  state. 

(D-Chloro-mp-dimethoxyacetophenone  yielded  mm'-pp'-tetramethoxy- 
2  :  b-diphenyl pyrazine  (m.  p.  208°)  and  mm'pp'-tetr(imetkoTy-2  :  Q-di- 
phenylpyrazine  (m.  p,  160°)  on  treatment  with  ammonia,  neither 
of  which  passes  into  the  "  liquid-crystalline  "  state.  The  former 
compound  is,  however,  strongly  fluorescent,  but  only  in  neutral 
solution. 

It  is  furthermore  shown  in  the  present  communication  that  the 
series    ot   changes    which    result   respectively  in    the  formation    of 
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2 :  5-substituted  pyrazines  from  to-aminoacetophenone  or  its 
derivatives,  and  in  the  conversion  of  diphenacylamine  or  its 
derivatives  into  2 :  6-substitiited  pyrazines,  may  be  reversed  by 
means  of  hydriodic  acid.  Thus,  when  2 :  5-diphenylpyrazine  is 
heated  with  hydriodic  acid,  reduction  followed  by  hydrolysis  occurs, 
resulting  in  the  formation  of  two  molecules  of  w-aminoacetophenone 
hydriodide.  Similarly,  2 :  6-diphenylpyrazine,  when  analogously 
treated,  is  converted  into  di'phenacylamine  hydriodide  and 
ammonium  iodide.  Of  course,  when  employing  the  pyrazine 
derivatives  containing  methoxyl  groups,  the  methyl  group  is  also 
eliminated  by  the  hydriodic  acid.  This  reaction  therefore  has 
afforded  a  new  method  of  preparing  w-amino-p-hydroxyacetophenone 
and  (jj-amino-mp-dihydroxyacetophenone,  two  bases  which  are  of 
interest  on  account  of  their  physiological  activity.  The  former  of 
these  bases  was  previously  prepared  by  the  present  author  in  con- 
junction with  Messrs.  Caton  and  Hann  (loc.  cit.)  from  w-chloro- 
2?-acetoxyacetophenone,  whilst  the  latter  base  is  of  special  importance 
on  account  of  its  near  relationship  to  epinephrine. 

'p^^-Dihydroxy diphenacylamine  and  vaxa' y>^' -tetrahydroxy diphen- 
acylamine have  been  prepared  by  the  action  of  hydriodic  acid  on 
the  previously-mentioned  methoxy-2  :  6-diphenylpyrazines.  It  will 
readily  be  seen  from  a  comparison  of  the  formulae  given  below  that 
j^y-dihydroxydiphenacylamine  (VII)  and,  especially,  mm'pp'-tetTa,- 
hydroxydiphenacylamine  (VIII)  are  closely  related  to  the  ketone 
derived  from  epinephrine  (IX),  as  also  to  the  above-mentioned  two 
<tf-aminohydroxyacetophenones : 

HO^    ^CO'CH^-NH-CHg-Co/    NoH 

~  (vn.)  ~ 

H0_  OH 

H0<^     \C0-CH2-NH-CH2-C0<^    \oH 

"~  (VIII.)  ~ 


>C0-CH2-NH-CH,. 

(IX.) 

It  was  therefore  to  be  expected  that  these  two  diphenacylamine 
derivatives  would  be  possessed  of  physiological  activity,  and  their 
properties  have  accordingly  been  investigated  in  the  Wellcome 
Physiological  Research  Laboratories  by  Dr.  H.  H.  Dale,  to  whom 
the  author  is  indebted  for  the  following  and  the  subsequently 
mentioned  physiological  experiments.  It  was  found  that  each  of 
these  compounds,  in  the  form  of  salts,  when  injected  intravenously 
into  cats,  caused  a  rise  in  blood-pressure,  /)2/-dihydroxydiphenacyl- 


J 
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amine  (VII)  having  an  action  similar  to  that  of  the  related  com- 
pound, a)-amiuo-/^hydroxyacetophenone  (Tutin,  Caton,  and  Hann, 
Inc.  rif.),  whilst  the  corresponding  tetrahydroxy-base  (VIII)  had  a 
greater  activity,  more  resembling  that  of  the  ketone  derived  from 
epinephrine  (IX). 

,  It  has  already  been  mentioned  that  u-chloro-o-methoxyaceto- 
phenone  and  w-chloro-op-dimethoxyacetophenone  yield  only  amor- 
phous products  when  heated  with  ammonia,  whereas  the  analogous 
compounds  containing  the  methoxyl  groups  in  the  m-  and  p-positions 
readily  yield  substituted  pyrazines.  It  therefore  appears  that  the 
presence  of  a  methoxyl  group  in  the  o-position  with  respect  to  the 
side-chain  precludes  the  formation  of  pyrazines  from  w-chloroaceto- 
phenone  derivatives,  although  the  reason  for  this  is  not  apparent. 

On  account  of  the  above-mentioned  property  of  the  o-sub- 
stituted  o)-chloroacetophenone  derivatives  here  described,  it  was 
impossible  to  obtain  from  them  the  corresponding  w-aminohydroxy- 
acetophenones  in  the  way  which  has  already  been  noted  in  connexion 
with  the  preparation  of  w-amino^-hydroxyacetophenone  from 
<i)-chloro-p-methoxyacetophenone.  Recourse  was  therefore  had  to 
the  use  of  potassium  phthalimide,  and  by  this  means  derivatives 
and  salts  of  ta-amino-fyhydroxyacetophenone  and  (ji-amino-op-di- 
hydroxyacetophenone  have  been  obtained.  When  examined 
physiologically,  the  hydriodidt  of  the  o-hydroxy-base  was  found  to 
be  practically  inactive,  whilst  the  corresponding  salt  of  the  o^^-di- 
hydroxy-base  had  no  greater  activity  than  the  analogous  jj-hydroxy- 
compound.  It  is  therefore  seen  that  hydroxyl  groups  in  the 
o-position  with  respect  to  the  side-chain  are  devoid  of  physiological 
activity  in  the  class  of  compounds  under  consideration,  a  result 
which  is  in  harmony  with  a  previous  observation  of  Dr.  Dale,  who 

J)H 

found   o-hydroxy-)3-phenylethylamine,    <^      ^CHj'CHj'NHg,  to  be 

inert,  whilst  the  analogous  2^compound  is  strongly  active  (Barger, 
Trans.,  1909,  95,  1123). 

(o-Chloro-o-methoxyacetophenone  is  formed,  together  with  the 
corresponding  /^compound,  by  the  action  of  aluminium  chloride  on 
chloroacetyl  chloride  and  anisole.  The  further  action  of  aluminium 
chloride  on  ca-chloro-o-methoxyacetophenone  results  in  the  formation 
of  ui-chloroo-hydrnTyaceto'phenone.  The  latter  substance  differs 
from  the  corresponding  p-compound,  inasmuch  as  it  is  quite  insoluble 
in  aqueous  sodium  carbonate,  thus  showing  how  the  relative  positions 
of  the  groups  in  the  benzene  nucleus  affect  the  acidity  of  the 
hydroxyl  group. 

The  above-mentioned  substituted  w-aminoacetophenones,  contain- 
ing a  hydroxyl  group  in  the  o-position  with  respect  to  the  side-chain, 
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differ  markedly  in  their  properties  from  the  previously-mentioned 
analogous  compounds  which  are  substitiited  in  the  m-  or  j;-position, 
inasmuch  as  they  condense  and  oxidise,  when  dissolved  in  neutral 
solvents,  to  form  2 :  5-substituted  pyrazines.  oo'-Dihydroxy- 
2  :  b-diphenyl'pyrazine  and  oo'pi^t' -tetrahydi'oxy-2  :  5-diphenyljryrazine 
have  thus  been  prepared. 

The  two  o-substituted  w-aminoacetophenones  described  also  show 
a  singu.lar  behaviour  when  benzoylated,  either  by  the  Schotten- 
Baumann  method  or  in  pyridine  solution j  for,  when  thus  treated, 
they  yield  benzoyl  derivatives  of  internal  anhydrides.  It  would 
appear  possible  that  these  condensation  products  are  1-benzoyl- 
indoxyl  and  Q-benzoyloxy-1-benzoylindoxyl  respectively. 

Gabriel  (loc.  cit.),  from  his  work  on  to-aminoacetophenone,  con- 
cluded that  a-amino-ketones  of  this  type  were  incapable  of  existence 
in  the  free  state,  but  always  underwent  condensation  when  liberated 
from  their  salts.  It  is  evident,  however,  from  the  results  given  in 
the  present  paper  that  this  is  not  invariably  the  case.  Thus, 
w-aminoacetophenone,  w-amino-^^-methoxyacetophenone,  to-amino- 
m;i(>-dimethoxyacetophenone,  and  w-amino-o-hydroxyacetophenone 
condense  spontaneously,  yielding  pyrazine  derivatives  in  the  manner 
shown  by  Gabriel.  w-Amino-^^-hydroxyacetophenone  and  w-amino- 
m2>dihydroxyacetophenone,  on  the  other  hand,  cannot  be  caused 
to  condense ;  whilst  w-amino-o^-dihydroxyacetophenone  possesses  pro- 
perties between  those  of  these  two  groups,  for  it  can  be  obtained 
in  the  free  state,  although  it  condenses  somewhat  readily. 

Experimental. 
Interaction  of   (n-Chloroaceto'phenone  and  Ammonia. 

Chloroacetyl  chloride  was  dissolved  in  an  excess  of  benzene,  and 
one  molecular  proportion  of  aluminium  chloride  added.  A  violent 
reaction  ensued,  and,  when  this  had  subsided,  ice  and  hydrochloric 
acid  were  added.  The  aqueous  layer  was  then  separated,  and,  after 
washing  the  benzene  solution  with  water,  the  greater  part  of  the 
solvent  was  removed  from  it.  On  adding  light  petroleum  to  the 
concentrated  liquid  thus  obtained,  co-chloroacetophenone  separated 
in  glistening  plates,  melting  at  59°.  The  yield  was  nearly 
quantitative. 

Fifteen  grams  of  w-chloroacetophenone  were  heated  for  one  and 
a-half  hours  at  100°  in  sealed  tubes  with  an  excess  of  alcoholic 
ammonia.  After  allowing  the  contents  of  the  tubes  to  cool,  the 
solid  which  had  separated  was  collected,  washed  with  alcohol,  and 
then  extracted  repeatedly  with  boiling  xylene.  The  material 
undissolved  by  this  treatment  consisted  entirely  of  ammonium 
chloride,    but   on  concentrating   the   xylene   extracts,  a  compound 
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separated  in  plates,  melting  at  194°.  As  thus  obtained,  this  sub- 
stance possessed  a  dark  bluish-green  colour,  and  was  only  obtained 
colourless  after  being  treated,  in  acetic  acid  solution,  with  a  small 
amount  of  potassium  permanganate  dissolved  in  the  same  solvent. 
When  crystallised  from  xylene  after  this  treatment,  it  formed  large, 
colourless  plates,  melting  at  194°,  and  was  identified  as  2  :  5-diphenyl- 
pyrazine  (Found,  0  =  795;  H  =  5-l.  Calc,  0  =  793;  H  =  5-0  per 
cent.) 

This  compound  was  first  prepared  by  Staedel  and  Riigheimer 
(Ber.,  1876,  9,  563),  who  described  it  under  the  name  of  "  isoindol." 
As  subsequently  obtained  by  Staedel  and  Kleinschmidt  (ibi-d., 
1880,  13,  836),  it  was  observed  to  exhibit  diverse  colours,  and  they 
regarded  it  as  being  "  idiochromatic."  Pure  2  :  5-diphenylpyTazine 
is,  however,  quite  colourless,  as  ha-;  been  shown  by  Gabriel  (Ber., 
1908,  41,  1127),  who  prepared  it  by  the  interaction  of  w-bromo- 
acetophenone  and  ammonia. 

The  original  alcoholic  filtrate  from  the  2 :  5-diphenylpyrazine  and 
ammonium  chloride  was  evaporated  to  a  low  bulk  and  largely 
diluted  with  benzene.  The  filtered  liquid  was  then  again  evaporated 
as  far  as  possible,  and  the  residue  dissolved  in  alcoholic  hydrogen 
chloride,  when  the  mixture  rapidly  became  dark  brown,  but  no 
blue  colour  was  developed  (see  below).  The  solution  was  con- 
centrated somewhat,  and  hot  ethyl  acetate  added,  when,  on  cooling 
the  mixture,  a  crystalline  substance  separated  in  needles,  which 
were  collected  and  washed  with  a  mixture  of  ethyl  acetate  and 
alcoholic  hydrogen  chloride.  The  product  so  obtained  was  dissolved 
in  the  minimum  amount  of  absolute  alcohol,  and  a  little  alcoholic 
hydrogen  chloride  added,  when  it  immediately  separated  in  soft, 
almost  colourless  needles,  melting  at  about  189° : 

0-2020  gave  0*1060  AgCl.     CI  =  13-0. 

CieHioNo.HCl  requires  Cl  =  13"2  per  cent. 

This  substance  was  identified  as  2 :  6-d iphent/ljryrazine  mono- 
hydrochloride,*  since  it  yielded  2  :  6-diphenylpyrazine,  which  formed 
colourless  needles,  melting  at  90°  (Found,  C  =  79-3;  H  =  5-2. 
Calc,  C  =  793;  H  =  50  per  cent.) 

2 :  6-Diphenylpyrazine  monohydrochloride  is  almost  insoluble  in 
benzene  or  ethyl  acetate,  but  it  dissolves  fairly  readily  in  alcohol, 
owing  to  the  fact  that  it  becomes,  for  the  most  part,  dissociated. 
It  is  not  stable  in  moist  air,  and  is  instantly  dissociated  when 
brought  in  contact  with  water. 

Gabriel  {loe.  cit.)  did  not  note  the  formation  of  2 :  6-diphenyl- 
pyrazine  when    he    investigated  the   interaction  of  ou-bromoaceto- 

*  It  lias  been  found  that  the  pyrazines  are  diacidic  bases,  and  yield  two  series  of 
salta  (compare  following  paper). 

VOL.    XCVII.  8  A 
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phenone  and  ammonia,  but  it  would  appear  certain  that  it  must 
have  been  present  in  the  reaction  mixture  examined  by  him. 

The  original  filtrate  from  the  2  :  6-diphenylpyrazine  hydrochloride 
was  dark  brown,  and  contained  considerable  resinous  matter.  It 
was  largely  diluted  with  water,  filtered  from  the  precipitated  resin, 
concentrated  somewhat,  and  treated  with  animal  charcoal.  On 
allowing  the  clear  liquid  to  cool,  a  somewhat  sparingly  soluble 
compound  separated,  which  melted  at  about  235°,  and  was  sub- 
sequently identified  as  diphenacylamine  hydrochloride,  a  compound 
which  has  been  described  by  Gabriel  (loc.  cit.). 

In  a  subsequent  preparation  of  the  above-described  2 :  5-  and 
2 :  6-diphenylpyrazines,  a  quantity  (40  grams)  of  ca-chloroaceto- 
phenone  was  heated  in  an  autoclave  with  an  excess  of  alcoholic 
ammonia,  the  mixture  being  subsequently  kept  for  fourteen  days 
before  it  was  worked  up.  After  separating  the  ammonium  chloride 
and  2 :  5-diphenylpyrazine  in  the  manner  already  described,  the 
residual  solution  containing  the  2  :  6-base,  which  was  of  a  much 
more  pronounced  red  colour,  and  appeared  to  be  freer  from  resinous 
matter  than  that  obtained  in  the  previous  preparation,  was  mixed 
with  a  large  volume  of  ether  and  extracted  several  times  with  a 
mixture  of  concentrated  hydrochloric  acid  (1  part)  and  water 
(2  parts).  This  caused  the  separation  of  some  brown,  resinous 
matter,  which  was  removed.  The  ethereal  liquid  was  then 
evaporated,  and  the  red  residue  dissolved  in  absolute  alcohol,  and 
a  solution  of  hydrogen  chloride  in  the  same  solvent  added.  The 
liquid  then  became  deep  blue,  and,  on  cooling  the  mixture  after 
adding  some  ethyl  acetate,  a  solid  separated,  which,  when  collected, 
was  seen  to  consist  of  a  mixture  of  white  and  deep  blue  needles,  the 
former  predominating.  The  separation  of  these  two  products  was 
tedious,  but  was  eventually  effected  by  taking  advantage  of  the 
fact  that  the  blue  hydrochloride  was  somewhat  more  sparingly 
soluble  in  a  boiling  solution  of  hydrogen  chloride  in  absolute 
alcohol  than  was  the  white  one,  which  consisted  of  2 :  6-diphenyl- 
pyrazine hydrochloride.  The  blue  compound  crystallised  in  small 
needles,  which  had  no  definite  melting  point,  and  were  only  stable 
in  dry  air  or  in  an  anhydrous  solvent  in  the  presence  of  a  moderate 
excess  of  hydrogen  chloride.  The  amount  obtained  was  only  about 
05  gram,  and  consequently  the  formula  could  not  be  established : 

0-3506  gave  0-4791  AgCl.     01  =  33-8  per  cent. 

The  base  obtained  from  this  deep  blue  hydrochloride  crystallised 
from  alcohol  in  small  tufts  of  brilliant  scarlet  crystals,  melting  at 
195°.  It  was  readily  soluble  in  chloroform,  ethyl  acetate,  or 
benzene,  but  only  moderately  so  in  alcohol.  On  exposing  a  solution 
of  this  scarlet-coloured   base   in   chloroform  or   benzene   to   direct 
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sunlight,  the  colour  was  discharged  in  half-an-hour,  a   compound 
crystallising  in  yellow  needles  being  formed. 

Preparation   of   (o-Chloro-o-  and  -■p-methoxyacetophenones. 

ea-Chloro-p-methoxyacetophenone  was  prepared  by  Kunckell  and 
Johannssen  (Ber.,  1897,  30,  1715;  1898,  31,  170)  by  the  interaction 
of  anisole  and  chloroacetyl  chloride  in  the  presence  of  aluminium 
chloride.  Mr.  F.  W.  Caton,  who  conducted  this  operation  for  the 
present  author,  found  it  important  to  avoid  the  use  of  any  excess 
of  aluminium  chloride  and  not  to  employ  heat,  as  the  methyl  group 
is  very  easily  eliminated.  "With  the  object  of  avoiding  this  hydro- 
lysis, experiments  were  made  with  the  use  of  sublimed  ferric  chloride, 
but  the  yield  of  condensed  product  so  obtained  was  only  small. 

One  molecular  proportion  of  anisole  was  mixed  with  rather  more 
than  an  equivalent  amount  of  chloroacetyl  chloride,  and,  after 
diluting  the  mixture  with  three  times  its  volume  of  carbon 
'disulphide,  one  molecular  proportion  of  powdered  aluminium 
chloride  was  cautiously  added,  the  flask  being  kept  cool  during  this 
operation.  After  three  hours  the  carbon  disulphide  was  decanted, 
the  residue  being  decomposed  with  ice  and  hydrochloric  acid  and 
the  product  extracted  with  ether.  The  ethereal  liquid  was  then 
shaken  with  aqueous  sodium  hydroxide,  which  removed  small 
amounts  of  hydrolysed  product  and  red  resin,  after  which  the  solvent 
was  evaporated.  On  fractionally  crystallising  the  residue  from 
alcohol,  it  was  found  to  consist,  for  the  most  part,  of  u-chloro- 
p-methoxyacetophenone  (m.  p.  102°),  which  formed  long  needles, 
but  the  more  soluble  fraction  contained  a  second  substance.  This 
compound  formed  large,  colourless,  diamond-shaped  plates,  which, 
after  being  separated  mechanically  from  the  greater  part  of  the 
p-compound  and  submitted  to  several  recrystallisations,  melted  at 
69°: 

0-2154  gave  0-4571  COo  and  00993  H^O.     C  =  57-9;  H  =  5-l. 

0-2288     „     0-1778  AgCl.     01  =  192. 

C9H9O2CI  requires  0  =  585;  H  =  4-9;  01  =  19-2  per  cent. 

This  substance  was  evidently  (n-chloro-o-methox^yacetophenone, 
since  it  readily  yielded  salicylic  acid  on  fusion  with  potassium 
hydroxide. 

This  appears  to  be  the  first  time  that  the  formation  of  an  o-mono- 
substituted  ketone  by  means  of  the  Friedel  and  Crafts'  reaction 
has  been  noted,  although  phenyl  o-tolyl  ketone  has  been  stated  to 
be  formed  by  the  interaction  of  toluene  and  benzoic  acid  in  the 
presence  of  phosphoric  oxide  (Kollarits  and  Merz,  Bcr.,  1873,  6 
538). 

w-Ohloro-o-methoxyacetophenone     is     slightly     volatile     at     the 

«  A  2 
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ordinary  temperature,  and  sublimes  readily  on  heating.  It  is  more 
volatile  in  steam  than  is  the  corresponding  ^-compound,  and  may 
be  approximately  separated  from  the  latter  by  taking  advantage  of 
this  property.  When  brought  into  contact  with  the  skiuj  it  causes 
considerable  smarting,  and  it  has  an  extremely  irritant  action  on 
the  eyes. 

Attempts  to  prepare  o-methoxydiphenylpyrazines  by  heating 
w-chloro-o-methoxyacetophenone  with  alcoholic  ammonia  in  sealed 
tubes  resulted  only  in  the  formation  of  resinous  products. 

ta-Chloro-o-hydroxyaceto'phenone. 

(o-Chloro-o-methoxyacetophenone  was  dissolved  in  carbon  di- 
sulphide,  one  molecular  proportion  of  powdered  aluminium  chloride 
added,  and  the  mixture  heated  for  two  hours  under  a  reflux  con- 
denser. The  solvent  was  then  removed,  and  the  residue  heated  at  100° 
for  ten  minutes,  after  which  ice  and  hydrochloric  acid  were  added, 
and  the  product  extracted  with  ether.  On  shaking  the  ethereal  ' 
liquid  with  a  solution  of  sodium  carbonate,  nothing  was  removed, 
but  subsequent  treatment  with  aqueous  sodium  hydroxide  extracted 
a  relatively  small  proportion  of  oily  matter.  The  ethereal  liquid,  on 
evaporation,  yielded  a  considerable  quantity  of  unchanged  w-chloro- 
o-methoxyacetophenone,  this  compound  being  evidently  much  more 
stable  towards  aluminium  chloride  than  is  the  corresponding 
^/-derivative.  The  oil  which  had  been  removed  by  sodium  hydroxide 
was  dissolved  in  ether,  and  light  petroleum  added,  which  caused  the 
separation  of  a  viscid,  red  product,  whereupon  the  mixture  was 
shaken  with  animal  charcoal,  and  filtered.  After  concentrating  the 
filtrate,  a  substance  separated  in  yellow,  flattened  needles,  which, 
after  recrystallisation  from  alcohol,  melted  at  101°: 

0-1238  gave  0-2546  COg  and  0*0490  HgO.     C  =  56-0;  H  =  4-4. 
CgHyOgCl  requires  C  =  56-3;  H  =  4-3  per  cent. 

This  substance  was  therefore  (a-chloro-o-hydroxyacetophenone, 
HO'CgH^'CO'CHgCl.  It  differed  from  the  corresponding  77-com- 
pound  in  being  insoluble  in  aqueous  sodium  carbonate  (compare 
Tutin,  Caton,  and  Hann,  Trans.,  1909,  95,  2118). 

Interaction  of  <ji-Chloro-p-methoxyacetophenone  and  Ammonia. 

(o-Chloro-2^methoxyacetophenone  was  heated  in  an  autoclave  for 
three  hours  at  110°  with  a  large  excess  of  alcoholic  ammonia.  When 
cool,  the  solid  contained  in  the  dark-coloured  reaction  mixture  was 
collected  and  washed,  first  with  alcohol,  and  subsequently  with  water. 
The  residue  was  crystallised  from  xylene,  when  it  separated  in 
large  leaflets,  melting  at  222°.     The  substance,  as  thus  obtained, 


TUTIX  :   SYNTHESES  IN  THE  EPINEPHRINE  SERIES.      PART  II.       2.505 

could  not  be  rendered  colourless  by  recrystallisation,  but  different 
preparations  of  it  exhibited  diverse  tints,  svich  as  dull  green, 
purplish,  or  greenish-yellow.  It  was,  however,  rendered  colourless 
by  the  means  previously  found  useful  in  the  case  of  2 :  5-diphenyl- 
"pyrazine  (p.  2501),  but  the  melting  point  was  practically  unchanged 
by  this  treatment.  On  crystallising  the  purified  substance  from 
glacial  acetic  acid  or  xylene,  it  formed  large,  colourless  leaflets,  but 
when  crystallised  from  chloroform  or  ethyl  acetate  it  separated  in 
hexagonal  plat«s : 

0-1088  gave  0-2947  CX)o  and  0-0556  HoO.     C  =  73-9;  H  =  5-7. 
0-3246     „  29-0  c.c.  N2"  (moist)  at  20°  "and  728  mm.     N  =  9-8. 
CigHjgOgNo  requires  0  =  739;  H  =  5-5;  N  =  9-6  per  cent. 

A  molecular-weight  determination  by  the  cryoscopic  method  gave 
the  following  result : 

0-3153,  in  332  of  phenol,  gave  A^=  -0-30°.     M.W.  =  243. 
CigHieOoNg  requires  M.W.  =  292. 

Several  attempts  were  made  to  estimate  the  number  of  methoxyl 
groups  in  this  substance  by  Perkin's  modification  of  Zeisel's  method, 
but  accurate  results  could  not  at  first  be  obtained,  owing  to  the 
great  stability  of  the  compound.  It  was  eventually  ascertained, 
however,  that  the  methyl  groups  are  rapidly  eliminated  if  some 
glacial  acetic  acid  be  added  to  the  hydriodic  acid  employed : 

0-2096  gave  03366  Agl.     0Me  =  211. 

OjgHjoN2(OMe)2  requires  OMe  =  21'2  per  cent. 

The  compound  was  evidently  pp'-dimethooci/-2 :  5-diphent/l- 
fyrazine,  04H2N2(C6H4*OMe)2,  and  its  constitution  was  subsequently 
confirmed  by  its  conversion  by  hydriodic  acid  into  (a-arnino- 
'p-hydroxyacetoplienone  hydriodide  and  methyl  iodide  (p.  2520). 

On  heating  2>p'-dimethQxy-2  :  5-diphenylpyrazine,  fusion  occurs  at 
223°,  and  the  substance  passes  into  a  "  liquid-crystalline "  state. 
This  phase  persists  until  a  temperature  of  265-4°  is  reached,  when 
the  "  crystalline "  liquid  phase  instantly  passes  into  the  normal 
liquid  state.  At  the  point  of  change  it  can  easily  be  observed  that 
the  two  liquid  phases  are  immiscible,  and  the  "  liquid-crystalline  " 
product  appears  to  possess  the  greater  density.  The  reverse  change, 
from  the  normal  liquid  to  the  "  liquid-crystalline  "  phase,  occurs 
at  precisely  the  same  temperature,  and  is  exhibited  in  a  striking 
manner  when  viewed  through  crossed  Nicol's  prisms.  The  point 
of  change  from  the  "  liquid-crystalline  "  to  the  normal  liquid  phase, 
and  vice  versa,  of  7>7/-dimethoxy-2 :  5-diphenylpyrazine  is  a  mucli 
more  delicate  criterion  of  the  purity  of  this  substance  than  is  its 
melting  point,  as  a  mere  trace  of  impurity  causes  a  very  appreciable 
lowering  of  the  temperature  of  transition   from  one  liquid  phase 


2506       TUTIN  :   SYNTHESES  IN  THE  EPINEPHRINE  SERIES.      PART  II. 

to  the  other,  whilst  an  amount  of  extraneous  substance  sufl&cient 
to  cause  a  depression  of  the  melting  point  by  about  3°  completely 
extinguishes  the  "  liquid-crystalline  "  phase. 

pp' -Dim.et'hoxy-2 :  5-diphenylpyrazine  is  practically  insoluble  in 
ether  or  alcohol,  very  sparingly  soluble  in  chloroform,  benzene,  or 
ethyl  acetate,  moderately  soluble  in  boiling  xylene,  and  more  readily 
so  in  glacial  acetic  acid.  Its  dilute  solution  in  chloroform  exhibits 
a  violet-blue  fluorescence,  and  when  a  drop  of  concentrated  hydro- 
chloric acid  is  added,  a  yellow  colour  is  produced,  accompanied  by  a 
most  brilliant  green  fluorescence. 

The  original,  dark-coloured,  alcoholic  filtrate  from  the  ammonium 
chloride  and  2^2''"dimethoxy-2  :  5-diphenylpyrazine  was  evaporated 
to  dryness,  the  residue  extracted  with  benzene,  the  solution 
evaporated,  and  the  residue  dissolved  in  absolute  alcohol.  A  solu- 
tion of  hydrogen  chloride  in  absolute  alcohol  was  then  added,  when, 
after  concentrating  the  solution,  it  was  mixed  with  hot  ethyl  acetate. 
On  cooling  the  mixture,  a  compound  separated  in  yellow  needles, 
which  were  collected,  washed  with  a  mixture  of  alcoholic  hydrogen 
chloride  and  ethyl  acetate,  and  recrystallised  by  dissolving  them 
in  absolute  alcohol,  adding  alcoholic  hydrogen  chloride,  con- 
centrating the  mixture,  and  then  diluting  it  with  ethyl  acetate. 
Soft,  yellow  needles  were  thus  obtained,  which  melted  at  about 
178—180°: 

0-2420  gave  0-1003  AgCl.     Cl=10-3. 

CisHigOgNgjHCl  requires  CI  =  10-8  per  cent. 

This  salt  proved  to  be  ■pp'-dimethoxy-2  :  %-diphenylpyrazine  mono- 
hydrocJdoride,  C4H2N2(C(5H4*OMe)2,HCl.  It  dissolves  sparingly  in 
ethyl  acetate  or  chloroform  containing  an  excess  of  hydrogen 
chloride,  but  is  unstable  in  moist  air,  and  is  dissociated  by  alcohol 
or  water. 

Tpi[)'-Dimethoxy-2 :  Q-diphenylpyrazine,  C4H2N2(C6H4'OMe)2,  ob- 
tained from  the  above-described  salt  by  treatment  with  water  or 
alcohol,  crystallised  from  the  latter  solvent  in  colourless  needles, 
melting  at  137-5° : 

0-0987  gave  0-2670  CO.  and  0-0505  H„0.     C  =  73-8 ;  H  =  5-7. 
Ci8Hje02N2  requires  C  =  73-9;   11  =  5-5  per  cent. 

2?p'-Dimethoxy-2 :  6-diphenylpyrazine  is  very  readily  soluble  in 
chloroform,  ethyl  acetate,  benzene,  or  xylene,  but  only  moderately 
so  in  alcohol.  Its  neutral  solutions  exhibit  a  slight  blue  fluorescence, 
but  this  is  destroyed  by  the  addition  of  concenti-atcd  hydrochloric 
acid.  It  does  not  pass  into  a  "liquid-crystalline  "  state  on  fusion. 
The  constitution  of  pp' -divaQilioxy -2  :  6-diphenylpyrazine  was  subse- 
quently proved  by  its  conversion  by  means  of  hydriodic  acid  into 
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methyl  iodide,    ammonium    iodide,    and  ^^' -dihydroxydi'phtnacyl- 
aimnt  hydriodide  (p.  2522). 

The  filtrate  from  the  crude  y2)'-dimethoxy-2 :  6-diphenylpyrazine 
hydrochloride  was  dark  brown,  and  contained  considerable  resinous 
matter.  It  was  digested  with  aqueous  hydrochloric  acid,  filtered, 
and  the  filtrate  treated  with  animal  charcoal.  After  concentrating 
the  liquid  thus  obtained,  it  deposited  a  relatively  small  amount  of 
a  sparingly  soluble  hydrochloride.  This  was  recrystallised  from 
water,  when  it  formed  leaflets,  melting  at  256° : 

0-2459  gave  O'lOOS  AgCl.     CI  =  10-0. 

CigHjgO^NjHCl  requires   Cl  =  10'l   per  cent. 

This  salt  was  doubtless  p-p'-dimethoxydipheTiacylamine  hydro- 
chloride, (MeO'CeH4'CO*CH2).2NH,HCl,  as  it  was  obtained  in  a 
manner  analogous  to  that  which  resulted  in  the  formation  of 
diphenacylamine  hydrochloride  from  w-chloroacetophenone,  and  its 
properties  are  strictly  analogous  to  those  of  the  latter  salt.  More- 
over, from  evidence  given  in  the  latter  part  of  this  communication, 
it  is  evident  that  7>p''diiiiethoxydiphenacylamine  must  have  been 
formed  during  the  interaction  of  ammonia  and  u-chloro-p-methoxy- 
acetophenone,  since  the  former  base  is  an  intermediate  compound 
in  the  production  of  the  above-described  yp'-dimethoxy-2 :  6-di- 
phenylpyrazine. 

It  has  already  been  shown  in  connexion  with  the  preparation  of 
the  2 :  5-  and  2  :  6-diphenylpyrazines  that  if  the  reaction  mixture 
were  kept  for  some  time  before  it  was  worked  up,  a  highly-coloured 
by-product  was  formed,  together  with  these  bases.  This  is  also  the 
case  when  working  with  the  2>-methoxy-derivatives,  but  in  the  latter 
instance  several  other  compounds  were  also  obtained  in  small 
amounts,  possibly  owing  to  the  fact  that  the  reaction  mixture  was 
examined  much  more  fully  than  in  the  former  case. 

o)-Chloro-p-methoxyacetophenone  was  heated  with  alcoholic 
ammonia  as  above  described,  but  the  reaction  mixture  was  kept  for 
three  weeks  before  being  examined.  The  p2?'-dimethoxy-2 :  5-di- 
phenylpyrazine  was  isolated  as  before  described,  but  with  the  use 
of  chloroform  instead  of  xylene.  The  mother  liquors  then  yielded 
a  small  amount  of  a  compound,  which  formed  soft,  colourless 
needles,  melting  at  232 — 233°.  On  working  up  the  original  filtrate 
from  the  p2^'-dimetho.xy-2 :  5-diphenylpyrazine  and  ammonium 
chloride  in  the  manner  previously  described,  a  mixture  of  pp'-di- 
niethoxy-2  :  6-dipheuylpyraziue  and  another  salt  was  obtained.  The 
latter  compound  was  evidently  the  p-methoxy-derivative  of  the  blue 
hydrochloride  previously  described ;  it  was  dark  green,  and  was 
separated  from  the  salt  of  the  pyrazine  derivative  in  a  manner 
analogous  to    that  employed    in    connexion   with  the  previously- 
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described  blue  compound.  The  mother  liquors  from  these  hydro- 
chlorides yielded,  together  with  traces  of  other  compounds,  a  sub- 
stance which  formed  yellow  leaflets,  melting  at  213—214°,  but  did 
not  fluoresce  when  treated  in  chloroform  solution  with  hydrochloric 
acid.  The  deep  green-coloured  hydrochloride  melted  quite  in- 
definitely, owing  to  dissociation,  and  this  change  was  also  readily 
brought  about  by  treatment  with  any  solvent  which  did  not  contain 
an  excess  of  anhydrous  hydrogen  chloride.  It  yielded  a  deep 
crimson-coloured  base,  crystallising  from  alcohol  in  small,  lustrous 
prisms,  which  were  so  dark  red  as  to  appear  almost  black,  and 
melted  at  about  165°.  This  compound,  like  the  corresponding  phenyl 
derivative  previously  described,  is  decolorised  by  exposure  to  direct 
sunlight  when  dissolved,  yielding  a  yellow  substance,  which  formed 
needles  (m.  p.  about  255°)  from  xylene.  The  amounts  of  these 
various  by-products  obtained  was  small,  and  their  investigation  was 
not  further  pursued. 

Dej'ivatives  of  (D-Amino-'p-'methoxyacetophenone. 

It  would  appear  that  the  above-described  2^'-dimethoxy-2 :  5-di- 
phenylpyrazine  must  have  been  formed  by  the  condensation  of  two 
molecules  of  w-amino-'p-niethoxi/acetophenone,  followed  by  spon- 
taneous oxidation  of  the  resulting  ■p'p'-dimethoxi/-3 :  ^-dihydro- 
2 :  5-diphenylpyrazine  in  a  manner  analogous  to  that  which  has 
been  shown  by  Gabriel  (loc.  cit.)  to  result  in  the  formation  of 
2  :  5-diphenylpyrazine  from  w-aminoacetophenone.  With  the  object, 
therefore,  of  verifying  this  conclusion,  w-amino-jz-methoxyaceto- 
phenone  was  prepared,  in  the  form  of  its  hydrochloride,  as  follows. 

cu-Chloro-^methoxyacetophenone  was  heated  for  some  time  in  a 
nickel  crucible  with  rather  more  than  one  molecular  proportion 
of  potassium  phthalimide.  The  reaction  mixture  was  then  extracted 
with  boiling  xylene,  and  the  product  which  crystallised  from  this 
solvent  after  concentration  was  repeatedly  boiled  with  large 
quantities  of  water  for  the  removal  of  unchanged  phthalimide.  On 
recrystallising  the  residue  from  xylene,  glistening  leaflets,  melting 
at  164 — 165°,  were  obtained: 

0-1437  gave  0-3650  COg  and  0-0604  H^O.     C  =  69-2 ;  H  =  4-6. 
CJ7HJ2O4N  requires  C  =  69-2;  H  =  4-4  per  cent. 

(o-Phthalimino-'p-methoxyacetopfienone, 

MeO-CeH4-CO-CH2-N<^^>CgH„ 

is  very  sparingly  soluble  in  alcohol,  ethyl  acetate,  or  chloroform, 
but  dissolves  more  readily  in  glacial  acetic  acid  or  boiling  xylene. 

The  above-described  phthalide  derivative  was  boiled  for  eight 
hours  with  concentrated  hydrochloric  acid,  when  it  gradually  passed 
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into  solution.     The  mixture  was  then  deprived  of  phthalic  acid  by 
.means   of   ether,     and   evaporated   to    dryness     under     diminished 
pressure.      On    crystallising    the    residue    from    alcohol,  w-amino- 
ji-methoxyacetophenone  hydrochloride, 

MeO-C6H4-CO-CH2-NH2,HCl, 
was  obtained  in  small,  colourless  prisms,  which  melted  and  decom- 
posed at  204°,  after  having  become  red : 

0-2121  gave  0-1408  AgCl.     CI  =  16-4. 

C9Hji02N,HCl  requires  CI  =  16-6  per  cent. 

When  an  alkali  is  added  to  an  aqueous  solution  of  w-amino- 
p-methoxyacetophenone  hydrochloride,  no  immediate  separation  of 
base  occurs.  The  mixture,  however,  rapidly  darkens  somewhat,  and, 
after  some  time,  a  dark-coloured,  semi-crystalline  product  separates. 
On  purification,  this  yielded  2'?^'-dimethoxy-2 :  5-diphenylpyrazine 
(m.  p.  223°),  thus  proving  that  a  change  analogous  to  that  observed 
by  Gabriel  (loc.  cit.)  ha.d  occurred. 

ta-A mind-'p-methoxyace top?ienone  Platinichloride, 
(MeO-C6H4-CO-CH2-NH2)2H2PtClc. 
— This  derivative  crystallised  very  readily  in  deep  yellow  leaflets, 
and  melted  and  decomposed  at  225 — 228° : 

0-1434  gave  0-0373  Pt.     Pt  =  260. 

(C9Hii02N)2H2PtCl6  requires  Pt  =  26-3  per  cent. 

ta-A  mino-p-methoxyacetophenone  A  urichloride, 
MeO-C6H^-CO'CH2-NH2,HAuCl4. 
— The  aurichloride  did  not  crystallise  readily,  but  was  eventually 
obtained  in   handsome,   golden-coloured    leaflets,   which   melted  at 
74°,  and  evidently  contained  water  of  crystallisation : 

0-2024  gave  0-0762  Au.     Au  =  37-6. 

C9Hii02N,HAuCl4,H20  requires  Au  =  37-6  per  cent. 

(I)  -  Amino  -  p  -  methoxyaceiophenone  picrate,  C9Hjj02N,C6H307N3, 
formed  small,  bright  yellow  leaflets,  which,  like  the  preceding  com- 
pound, contained  water  of  crystallisation.  It  melted  and  decomposed 
at  185° 

The  mercuric hloride  crystallised  very  readily  in  long,  colourless 
needles,  which  melted  at  171°. 

(o-Chloro-mp-dimethoxyacetophenone. 

Catechol  was  methylated  by  means  of  methyl  sulphate,*  and  the 
resulting  veratrole  purified  by  distillation.     The  veratrole  was  then 

*  Perkin  and  "Weizinann  (Trans.,  1906,  89,  1649)  state  that  an  almost  quanti- 
tative yield  of  veratrole  may  be  obtained  by  treating  100  grams  of  catechol  with 
75  grams  of  methyl  sulphate  and  150  grams  of  [lotassium  hydro.\ide.     The  figures 


2510       TUTIN  :  SYNTHESES  IN  THE  EPINEPHRINE  SERIES.      PART  II. 

dissolved  in  carbon  disulphide,  an  equivalent  amount  of  chloroacetyl 
chloride  added,  and  then  one  molecular  proportion  of  powdered 
aluminium  chloride  introduced.  The  mixture  was  heated  on  a 
water-bath  for  two  hours,  but  the  reaction  which  ensued  was  by 
no  means  violent.  The  carbon  disulphide  was  then  removed  and 
the  residue  decomposed  by  ice  and  hydrochloric  acid,  the  product 
being  extracted  with  ether.  On  shaking  the  ethereal  liquid  with 
aqueous  potassium  hydroxide,  a  small  quantity  of  demethylated 
product  was  removed.  The  ether  was  then  evaporated,  and  the 
residue  deprived  of  a  fairly  large  proportion  of  unchanged  veratrole 
by  means  of  steam.  The  non-volatile  product  was  crystallised  frcm 
alcohol,  when  it  yielded  w-chloro-mp-dimethoxyacetophenone, 
(MeO)2C6H3'00'CH2'Cl,  which  formed  small,  colourless  prisms, 
melting  at  101° : 

0-1172  gave  0-2394  COg  and  0-0538  H2O.     0  =  55-8;  H  =  5-l. 
C10H11O3CI   requires  0  =  55-9;  H  =  5-l    per  cent. 

a)-0hloro-?n;2^dimethoxyacetophenone  is  moderately  soluble  in 
alcohol,  but  much  more  readily  so  in  ethyl  acetate  or  chloroform. 
When  in  the  dry  state,  it  occasions  violent  sneezing. 

The    Interaction    of    <ji-Chloro-iap-dimethoxi/acetophenone   and 

Ammonia. 

co-Chloro-mjj-dimethoxyacetophenone  was  heated  in  an  autoclave 
for  three  hours  at  110°  with  a  large  excess  of  absolute  alcoholic 
ammonia.  When  cool,  the  solid  contained  in  the  reaction  mixture 
was  collected,  washed  with  alcohol,  and  then  extracted  many  times 
with  boiling  xylene.  The  xylene  extracts,  on  cooling,  deposited  a 
dark  red,  crystalline  powder,  melting  at  208°.  After  treatment 
with  a  small  amount  of  potassium  permanganate  in  glacial  acetic 
acid  solution,  in  the  manner  previously  described,  it  separated  from 
glacial  acetic  acid  in  light  grey  needles,  which  melted  at  the  same 
temperature  as  before  this  treatment: 

0-1130  gave  0-2834  COo  and  0-0590  H.O.     0  =  68-4;  H  =  5-8. 
02oH2t)04N2  requires  0  =  68-2;  H  =  5-7  per  cent. 

This  compound  was  evidently  m.ra'pp'-tetramethoxi/-2  :  5-diphenyl- 
pyrazine,  C6H4(OMe)2*04H2N2'CuH3(OMe)2,  and  its  constitution 
was  subsequently  confirmed  by  its  conversion  into  m-amino-nip-di- 
hydroxyacetophenone  hydriodide  and  methyl  iodide  by  the  action  of 
hydriodic  acid  (p.  2520).  It  is  insoluble,  or  nearly  so,  in  all  the  usual 
solvents  with  the  exception  of  glacial  acetic  acid  and  boiling  xylene, 
and  in  the  latter  solvent  it  dissolves  but  sparingly.    Its  much  greater 

given  are,  however,  obviously  incorrect,  since  the  amount  of  catechol  nieutionod 
would  require  theoretically  229  grams  of  methyl  sulphate  and  lO'J  gi-ams  of  the 
alkali. 
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solubility  in  glacial  acetic  acid  than  in  any  other  liquid  employed 
appeared  to  be  due  to  salt  formation,  as  the  solution  was  orange- 
yellow,  and  it  was  subsequently  found  that  the  tetramethoxy- 
diphenylpyrazines  are  more  strongly  basic  than  the  other  compounds 
of  this  class  described  in  the  present  communication.  A  very  dilute 
solution  of  m/^'pp'-tetramethoxy-2 :  5-diphenylpyrazine  in  chloro- 
form exhibits  a  strong  blue  fluorescence,  but  this  phenomenon 
disappears  on  the  addition  of  a  drop  of  concentrated  hydrochloric 
acid,  a  non-fluorescent,  deep  yellow  liquid  being  produced.  On 
fusion,  this  pyrazine  derivative  does  not  pass  into  a  "  liquid- 
crystalline  "  state,  as  is  the  case  with  the  corresponding  jp^p'-di- 
methoxy-compound. 

The  original  alcoholic  filtrate  ^rom  the  Twm'pjj'-tetramethoxy- 
2  :  5-diphenylpyrazine  and  ammonium  chloride  was  evaporated  to 
dryness,  the  residue  extracted  with  benzene,  the  solution  again 
evaporated,  and  the  product  so  obtained  dissolved  in  a  small  amount 
of  absolute  alcohol  and  a  solution  of  hydrogen  chloride  in  the  same 
solvent  added.  On  cooling  the  dark  brown  mixture,  a  compound 
separated  in  deep  yellow  needles.  This  was  collected,  washed  with 
alcoholic  hydrogen  chloride,  and  recrystallised  from  absolute  alcohol 
by  the  addition  of  a  solution  of  hydrogen  chloride  in  this  solvent, 
when  long,  deep  yellow,  soft  needles  were  obtained,  which  melted  at 
about  195—200°: 

0-2030  gave  0-0730  AgCl.     CI  =  8-9. 

C2oH2o04N2,HCl  requires   CI  =  9-1  per  cent. 

This  compound  was  Tmn'pp'-fetram€thoxy-2:  ^-diphenylpyrazine 
monohydrochloride,  C6H3(OMe)2*C4H2N'2'C6H3(OMe)2,HCl.  It  was 
readily  dissociated  by  water,  or  by  alcohol,  unless  the  latter  con- 
tained an  excess  of  hydrogen  chloride.  It  yielded  mm'pp'-fe^ra- 
methoxy-l:  Q>-dl'ph€7ujlpyrazine,  which,  when  crystallised  from 
alcohol,  formed  long,  almost  colourless  needles,  melting  at  160°: 

01079  gave  02734  COo  and  00563  HgO.     C  =  680;  H  =  5-8. 
CgoHgoO^Ng  requires  C  =  68-2;   H  =  5-7  per  cent. 

This  base  was  rather  sparingly  soluble  in  alcohol,  but  readily  so 
in  benzene,  xylene,  chloroform,  glacial  acetic  acid,  or  ethyl  acetate, 
and  differed  from  the  corresponding  2  :  5-compound,  inasmuch  as 
its  solutions  exhibited  no  fluorescence.  Its  constitution  was  sub- 
sequently confirmed  by  its  conversion  into  mm' pp'-tetrahyd roxy- 
diphenacylartmie  hydriodide,  methyl  iodide,  and  ammonium  iodide 
by  means  of  hydriodic  acid  (p.  2523). 
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w-Chloro-op-dimethoxyacetophenone. 

Resorcinol  dimethyl  ether  was  prepared  from  resorcinol  by  the 
action  of  methyl  sulphate  and  potassium  hydroxide,  and  purified 
by  distillation.  The  dimethyl  ether  was  then  dissolved  in  carbon 
disulphide,  and  the  requisite  amount  of  chloroacetyl  chloride  added. 
One  molecular  proportion  of  powdered  aluminium  chloride  was 
then  introduced,  when  a  violent  reaction  ensued.  After  removing 
the  solvent,  the  residue  was  treated  with  ice  and  hydrochloric  acid, 
the  resulting  solid  being  collected  and  crystallised  from  alcohol. 
A  very  good  yield  of  small,  colourless,  prismatic  needles,  melting  at 
96°,  was  thus  obtained : 

0-1233  gave  0-2518  COg  and  0-0577  HoO.     C  =  55-7 ;  H  =  5-2. 
CioHjjOgCl  requires  C  =  55-9;   H  =  5'l   per  cent. 

(o-Chloro-op-dimethoxi/acetophenone,  (MeO)2CgH3*CO*CH2Cl,  is 
somewhat  sparingly  soluble  in  alcohol,  but  much  more  readily  so 
in  ethyl  acetate  or  chloroform.  It  was  formed  in  much  better  yield 
than  the  corresponding  mj^-compound. 

Attempts  to  convert  w-chloro-o^-dimethoxyacetophenone  into 
pyrazine  derivatives  by  heating  with  alcoholic  ammonia  resulted 
only  in  the  formation  of  brown  resins,  just  as  was  the  case  when 
co-chloro-o-methoxyacetophenone  was  employed.  It  therefore  appears 
that  the  presence  of  a  methoxyl  group  in  the  ortho-position  with 
respect  to  the  side-chain  precludes  the  formation  of  substituted 
pyrazines  from  w-chloroacetophenone  derivatives. 

Attempts  were  made  to  prepare  an  w-chlorotrimethoxyaceto- 
phenone  by  the  interaction  of  chloroacetyl  chloride  and  pyrogallol 
trimethyl  ether,  but  without  success. 

(n-Amino-op-dihydroxyacetophenone  and  its  Derivatives. 

It  is  subsequently  shown  that  the  methoxy-2  :  5-diphenylpyrazines 
readily  yield  w-aminohydroxyacetophenones,  the  formation  of  which 
was  the  primary  object  of  this  research.  Since,  however,  no 
pyrazine  derivative  could  be  obtained  from  w-chloro-op-dimethoxy- 
acetophenone,  other  means  had  to  be  devised  for  the  conversion  of 
this  compound  into  the  desired  dihydroxy-amine. 

w-Chloro-op-dimethoxyacetophenone  was  heated  in  a  nickel 
crucible  at  about  160°  with  rather  more  than  one  molecular  pro- 
portion of  potassium  phthalimide  until  the  reaction  mixture,  which 
was  at  first  fairly  fluid,  became  almost  solid.  The  product  was 
then  extracted  several  times  with  boiling  xylene,  and  the  combined 
filtered  liquids  concentrated  to  a  small  bulk.  The  product  which 
separated  on  cooling  was  collected  and  repeatedly  boiled  with  large 


TUTIN  :   SYNTHESES  IN  THE  EPINEPHRINE  SERIES,      PART  II.       2513 

quantities  of  water  until  free  from  phthalimide,  after  which  it  was 
recrystallised  from  xylene  or  glacial  acetic  aicid,  when  it  formed 
acicular  crystals,  melting  at  188°: 

00903  gave  0-2209  COo  and  0-0394  HgO.     C  =  66-7 ;  H  =  4-8.  ' 
CigHjjOjN  requires  C  =  66-5;   H  =  4-6   per  cent. 

(j}-Phthalimino-OTp-dimethox2/acetophenone, 

(MeO)2C,H3-CO-CH2-N<^g>C,H„ 

is  insoluble,  or  very  sparingly  soluble,  in  all  the  usual  solvents,  with 
the  exception  of  glacial  acetic  acid  and  boiling  xylene,  in  which  it 
is  moderately  soluble. 

The  above-described  phthalide  derivative  was  boiled  with  con- 
centrated hydriodJc  acid  containing  some  glacial  acetic  acid,  when 
it  very  gradually  passed  into  solution.  The  mixture  was  then 
diluted  with  water,  and  repeatedly  extracted  with  ether  for  the 
removal  of  the  phthalic  acid,  after  which  it  was  evaporated  to 
dryness  under  diminished  pressure.  The  solid  residue  was  then 
dissolved  in  alcohol,  the  solution  concentrated,  ethyl  acetate  added, 
and  the  mixture  again  evaporated  somewhat,  when  (a-amino-op-di- 
hydroxyaceto'phenone  hydriodide,  CgH3(OH)2'CO'CH2'NH2,HI, 
separated  from  the  boiling  mixture : 

0-2196  gave  0-1733  Agl.     1  =  42-7. 

0-4535     „     0-3405  Agl.     1  =  42-8. 

CgHgOaN,!!!  requires  1  =  430  per  cent. 

w-Amino-op-dihydroxyacetophenone  hydriodide  forms  nearly 
colourless  needles,  which  decompose  at  258°.  It  is  readily  soluble 
in  water  or  alcohol,  but  dissolves  only  sparingly  in  ethyl  acetate. 

CU-.4  mino-op-dihydroxyacetophenone  Hydrochloride, 
CsH3(OH)2-CO-CH2-NH2,HCl. 
— This  salt  was  prepared  by  the  addition  of  concentrated  hydro- 
chloric acid  to  an  alcoholic  solution  of  the  corresponding  hydriodide, 
when  the  new  derivative  immediately  separated  in  needles.  When 
crystallised  from  water  or  dilute  alcohol,  it  yielded  small,  hard 
prisms,  which  melted  at  280°,  darkening  previously : 

0-3297  gave  02292  AgCl.     CI  =  17-2. 

C8H903N,HC1  requires  CI  =  17*4  per  cent. 

ta-A mino-OT^-dihydroxyaceto'phenone  Aurichloride, 
C6H3(OH)2-CO'CH2-NH2,HAuCl,. 
— The  gold  salt  of  <o-amino-op-dihydroxyacetophenone   was  readily 
soluble  in  water,  but  crystallised  from  its  concentrated  solution  in 
orange-coloured    leaflets,    which,    on    heating,  gradually    darkened, 
and  finally  melted  at  283°.     The  dried  salt  was  analysed : 

01201  gave  00467  Au.     Au  =  38-9. 

C8Hj,03N,HAuCl4  requires  Au  =  38-9  per  cent. 
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<j)-A niino-OTp-dihi/droxi/acetophenone  Platinichloride, 
[C6H3(OH)2-CO'CH2-NH2]2,H2PtCl6. 
— This   derivative  was  rather  readily  soluble   in  water,  and   crys- 
tallised from  this  solvent  in   fawn-coloured  needles,  which  melted 
and  decomposed  at  247° : 

0-1037  gave  0-0294  Pt.     Pt  =  28-5. 

(C8H903N)2H2PtCl6  requires  Pt  =  28-5   per  cent. 

(a-AminO:OT^-dihydroxyaceto'phenone  jticrate,  CgHgOgNjCgHgO-Ng, 
crystallised  from  water  in  bright  yellow  needles,  which  melted  and 
decomposed  at  222°. 

(li  -  Amino-o-^-dihydroxyaceto'phenone,  CgH3(OH)2*CO*CH2'NH2, 
was  prepared  from  the  above-described  hydriodide  or  hydrochloride 
by  the  addition  of  a  hot  concentrated  solution  of  sodium  carbonate 
to  a  similar  solution  of  the  respective  salt,  both  liquids  having 
previously  been  deprived  of  dissolved  air  by  boiling.  The  new 
base  then  immediately  separated  in  small,  pink-coloured  plates, 
which,  on  heating  to  310°,  suffered  some  decomposition,  but  did  not 
melt  : 

0-1065  gave  0*2240  COg  and  0-0558  HgO.     C  =  57-3;  H  =  5-8. 
CgHgOgN  requires  C  =  57-5;  H  =  5-4  per  cent. 

ca-Amino-o2?-dihydroxyacetophenone  is  soluble  in  both  acids  and 
alkali  hydroxides,  but  is  insoluble,  or  practically  so,  in  all  the  usual 
solvents  with  the  exception  of  pyridine,  although  when  dissolved 
in  the  last-mentioned  liquid  it  suffered  change. 

Attempts  to  prepare  w-amino-op-dimethoxyacetophenone  by  heat- 
ing co-phthalimino-02^dimethoxyacetophenone  with  hydrochloric 
acid  were  unsuccessful,  as  the  methyl  groups  were  partly  eliminated 
by  this  treatment,  the  resulting  product  being  a  mixture. 

oo' pp'-Tetrahydf'occy'2 :  5-diphenylpyrazine. 

(o-Amino-ojj-dihydroxyacetophenone  was  boiled  with  pyridine, 
when  it  slowly  dissolved,  the  solution  acquiring  a  yellow  colour. 
The  liquid  was  then  concentrated  and  cooled,  when  a  substance 
separated  in  yellow  needles.  This  was  collected,  but  when  washed 
with  ethyl  acetate,  or  when  dried,  it  lost  pyridine  of  crystallisation, 
and  became  bright  orange-coloured.  It  was  unchanged  at  326°, 
but  at  a  higher  temperature  sublimed  in  yellow  leaflets : 

01033  gave  02447  COg  and  00400  HgO.     0  =  646;  H  =  4-3. 
CjyHj204N2  requires  C  =  64-8;  H=4-l   per  cent. 

This  substance  was  evidently  oo'pp' -tetiaJiydroxy-2 :  b-diphenyl- 
pyrazine,  C6H2(OH)2'C4H2N2*CeH3(OH)2,  and  had  been  formed  by 
the  condensation  of  two  molecules  of  the  original  keto-base  followed 
by  spontaneous   oxidation    of    the     resulting    oo'  pp'  -let  rah  yd  roxy- 
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3 :  ^-dihydro-2  :  5-dipheni/Ijn/ra-ine.  It  yielded  unstable  salts  with 
the  mineral  acids,  of  which  the  monostilphate  was  bright  orange 
and  the  disidphate  intense  purple.  oo'y2''-Tetrahydroxy-2 :  5-di- 
phenylpyrazine  is  very  sparingly  soluble  in  glacial  acetic  acid,  more 
readily  soluble  in  pyridine,  and  insoluble  in  all  the  other  usual 
solvents. 

oo'p'p'-Tetrahenzoi/Ioxy-2  :  b-diphenylpyratine, 

C6H3(OBz)2-C4H2No-C6H3(OBz)2. 
— The     above-described     oo'pp'-tetrahydroxy-2 :  5-diphenylpyrazine 
readily  underwent  benzoylation   when    treated    according    to     the 
Schotten-Baumann  method,   yielding   a  product  which  crystallised 
from  ethyl  acetate  in  glistening,  colourless  leaflets,  melting  at  212° : 

0-0976  gave  0-2643  GO.y  and  00356  H^O.     C  =  73-8 ;  H  =  4-0. 
C44H2808N'2  requires  C  =  74-l;  H  =  3"9  per  cent. 

oo^T^^' -Tetrahenzoyloxy-2 :  5-diphenylpj/razine  is  somewhat  spar- 
ingly soluble  in  ethyl  acetate  and  in  alcohol,  but  dissolves  readily  in 
chloroform. 

With  the  object  of  preparing  the  benzoyl  derivative  of  co-amino- 
oy-dihydroxyacetophenone,  the  hydriodide  of  this  base  was  dissolved 
in  water,  benzoyl  chloride  added,  and  then  excess  of  aqueous 
potassium  hydroxide  introduced,  and  the  mixture  shaken  for  some 
time.  The  pasty  product  which  separated  was  collected,  dissolved 
in  boiling  absolute  alcohol,  and  then  submitted  to  steam  distillation 
for  the  removal  of  the  ethyl  benzoate  which  had  been  formed  from 
the  occluded  excess  of  benzoyl  chloride.  The  non-volatile  residue  was 
dissolved  in  alcohol,  when,  on  keeping,  a  crystalline  benzoyl  derivative 
separated,  but  by  no  means  in  quantitative  yield.  The  mother 
liquors  from  this  solid  contained  an  uncrystallisable  oil,  which,  from 
a  subsequent  observation,  would  appear  to  have  been  the  compound 
which  it  was  sought  to  prepare,  namely,  tii-henzot/lamino-op-dibenzoyl- 
oxyacetophenone,  C6H3(OBz)2*CO'CH2*NHBz.  The  crystalline 
solid  which  was  obtained  formed  small  prisms,  melting  at  136 — 137°, 
and,  on  analysis,  was  found  to  be  the  benzoyl  derivative  of  a 
condensation  product  of  the  base :  * 

01532  gave  04106  CO^  and  00624  H2O.     C  =  731 ;  H  =  45. 
C22HJ5O4N  requires  0  =  73*6;  H  =  4-2  per  cent. 

0-2970,  in  24  of  benzene,  gave  A<=-0-165°.     M.W.  =  375. 
C2aHi504N  requires  M.W.  =  357. 

This  compound  was  therefore  the  dibenzoyl  derivative  of  an 
internal  anhydride  of  w-amino-op-dihydroxyacetophenone,  and  since 
an  analogous  compound  was  obtained  from  w-amino-o-hydroxyaceto- 
phenone    (p.    2518),    but  not  from   the   related  bases    containing 

Thp  same  comftonnd  was  obtained   whon   w-amino-op-dihydroxyacetoiihcnone 
hydriodide  was  benzoylntpd  in  pyridine  solution. 
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hydroxyl  groups  in  the  m-  or  ^^-positions,  it  would  seem  likely  that 
the  o-hydroxyl  group  was  concerned  in  the  anhydride  formation.  In 
view  of  this  consideration,  it  would  appear  probable  that  the  sub- 
stance melting  at  136 — 137°  is  a  dibenzoyl  derivative  of  6-hydroxy- 
indoxyl  (X) : 

BzO-CeH3<^^!>CH2  H0-CeH3<^^^~>CH. 

(X.)  (XI.) 

6-Hydroxyindoxyl,  however,  might  have  been  expected  to  react 
in  its  enolic  form  (XI),  yielding  a  tribenzoyl  derivative. 

That  one  of  the  benzoyl  groups  was  attached  to  nitrogen  was 
proved  by  the  conversion  of  this  dibenzoyl  derivative  into  ou-benzoyl- 
amino-ojj-dihydroxyacetophenone  by  the  action  of  alkali  hydroxides. 

(ji-Benzoylamino-o^-dihydroxyaceto'phenone, 

C6H3(OH)2-CO-CH2-NHBz. 
— A  quantity  of  the  dibenzoyl  derivative  melting  at  136 — 137°  was 
boiled  with  concentrated  alcoholic  potassium  hydroxide  for  one 
hour,  when  water  was  added,  and  the  mixture  acidified  with  hydro- 
chloric acid.  A  compound  then  separated  in  slender,  glistening 
prisms,  melting  and  decomposing  at  260 — 265° : 

0-1339  gave  0-3267  COg  and  0-0590  HgO.     0  =  66-5  ;  H  =  4-8. 

CjjHjgO^N  requires  0  =  66*4;  H  =  4-8  per  cent. 
(li-Benzoylamino-oip-dihydroxi/acetophenone  is  very  sparingly  soluble 
in  alcohol,  ethyl  acetate,  chloroform,  or  benzene,  moderately  so  in 
glacial  acetic  acid,  and  readily  so  in  pyridine.  On  prolonged 
heating  with  concentrated  hydrochloric  acid,  it  yielded  w-amino- 
02>-dihydroxyacetophenone  hydrochloride  and  benzoic  acid,  and  on 
benzoylation  it  yielded  a  compound  which  appeared  to  be  the 
tribenzoyl  derivative  of  the  corresponding  base.  This  compound 
was  a  liquid,  and  was  doubtless  identical  with  the  similar  product 
which  was  obtained  together  with  the  dibenzoyl  derivative  melting 
at  136 — 137°,  as  previously  noted. 

(ji-Phthalivtino-o'p-dihydroxyacetophenone. 

During  the  hydrolysis  of  w-phthalimino-o^J-dimethoxyacetophenone 
by  means  of  hydriodic  acid,  it  was  observed  that  the  reaction  pro- 
ceeded in  two  stages,  the  methyl  groups  being  much  more  rapidly 
eliminated  than  was  the  phthalyl  radicle.  In  one  experiment, 
therefore,  the  reaction  was  stopped  as  soon  as  the  evolution  of 
methyl  iodide  had  ceased,  the  mixture  being  diluted  with  water 
and  cooled.  A  solid  then  separated,  which  was  collected  and 
washed.  When  recrystallised  from  acetic  acid,  this  substance  formed 
small  tufts  of  short,  colourless  prisms,  which  gradually  darkened 
above  250°,  and  fused  at  270° : 
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01835  gave  04350  CO^  and  00637  HoO.     0  =  646;  H  =  3-8. 

CicHjiOjN  requires  C  =  64-6;  H  =  3-7  per  cent. 
(o-Pht7ialimino-op-dihi/droxyacetophenone, 

is  rather  sparingly  soluble  in  most  solvents.  When  heated  with 
concentrated  hydrochloric  or  hydriodic  acids,  it  yielded  the  corre- 
sponding amine. 

fo-Phthalamino-OTp-dihydroxyaceto'phenone, 

C6H3(OH)2-CO-CH2-NH-CO-C6H^-C02H. 
— The  above-described  phthalimino-derivative  was  dissolved  in 
aqueous  potassium  hydroxide,  and  the  solution  boiled  for  some  time. 
The  mixture  was  then  acidified  with  hydrochloric  acid,  boiled  with 
animal  charcoal,  and  the  filtered  liquid  concentrated  to  a  small 
bulk  and  cooled.  The  solid  which  separated  consisted  largely  of 
potassium  chloride,  but  also  contained  crystals  of  an  organic  com- 
pound. The  latter  was  isolated  by  extraction  with  boiling  xylene, 
after  which  it  was  finally  purified  by  crystallisation  from  water. 
Long,  glistening  leaflets  were  thus  obtained,  which  melted  at  227° : 

0-1372  gave  0-3064  CO,  and  0-0519  HoO.     C  =  60-9 ;  H  =  4-2. 
CieHjaOgN  requires  0  =  610;  H  =  4-l  per  cent. 

Derivatives  of  di-Amino-o-hi/droxyacetophenone. 

Since  cu-chloro-o-methoxyacetophenone  gave  only  resinous  products 
when  heated  with  ammonia,  it  was  necessary  to  employ  potassium 
phthalimide  for  the  conversion  of  this  chloro-ketone  into  the  corre- 
sponding amine,  just  as  was  the  case  with  the  analogous  op-di- 
methoxy-compound  (compare  p.  2512). 

ta-Chloro-o-methoxyacetophenone  was  therefore  converted  into  the 
corresponding  phthalimino-derivative  in  a  manner  precisely  similar 
to  that  employed  in  the  case  of  the  o/^dimethoxy-de^ivative.  The 
resulting  <j)-phthalimino-o-methoxi/acetopkenone, 

MeO-CeH^-CO-CH2-N<^^CeH^, 

was  very  sparingly  soluble  in  most  solvents,  but  was  readily  purified 
by  crystallisation  from  slightly  diluted  acetic  acid.  It  formed 
colourless,  diamond-shaped  plates,  melting  at  2005° : 

0-1553  gave  03972  COg  and  00632  H2O.     0  =  695;  H  =  4'5. 
O17H13O4N  requires  0  =  692;  H  =  4-4  per  cent. 

This  derivative  was  boiled  for  three  hours  with  a  mixture  of 
glacial  acetic  acid  and  concentrated  hydriodic  acid.  After  freeing 
the  liquid  from  phthalic  acid  by  extraction  with  ether,  the  mixture 
was  evaporated  to  dryness  under  diminished  pressure,  and  the 
residue  crystallised  from  a  mixture  of  ethyl  acetate  and  alcohol. 

VOL.   xcvii.  8  B 
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Very  lustrous,  colourless  plates  were  thus  obtained,  which  melted  at 
255°: 

0-3846  gave  0-3230  Agl.     I  =  45-4. 

CgHgOgNjHI  requires  1  =  455  per  cent. 

(ji-A  mino-o-hydroxyaceto'phenone  hydriodide, 

HO-C6H4-CO-CH2-NH2,HI, 
is  very  readily  soluble  in  water  or  alcohol,  but  only  sparingly  so 
in  ethyl  acetate.     It  does  not  tend  to  become  discoloured,  as  is  the 
case  with  salts  of  the  analogous  bases  containing  a  hydroxyl  group 
in  the  meta-  or  para-position  with  respect  to  the  side-chain. 

A  quantity  of  this  hydriodide  was  dissolved  in  pyridine  and 
benzoylated  by  means  of  benzoyl  chloride.  The  product  crystallised 
readily  from  ethyl  acetate,  forming  colourless  plates,  which  melted 
at  133°: 

0-1277  gave  0-3538  COg  and  0-0530  HgO.     C  =  75-6;  H  =  4-6. 
C15H11O2N'  requires  C  =  75-9;  H  =  4-7  per  cent. 

This  compound  was  therefore  evidently  the  benzoyl  derivative  of  a 
condensation  product  of  co-amino-o-hydroxyacetophenone,  and  is 
doubtless  constituted  analogously  to  the  corresponding  derivative 
of  the  02>dihydroxy-base  (p.  2516).  It  may  therefore  be  1-benzoyl- 
indoxyl,  a  compound  which  does  not  appear  to  have  been  prepared 
previously. 

00' -Dihydroxy-2 :  5-diphenylpyrazine. 

A  quantity  of  w-amino-o-hydroxyacetophenone  hydriodide  was 
dissolved  in  water  and  aqueous  sodium  carbonate  added,  the  result- 
ing precipitate  being  collected,  and  crystallised  from  xylene.  A 
substance  was  thus  obtained  in  yellow  needles,  which  melted  at 
259 — 262°,  and  were  insoluble  in  dilute  acids.  The  same  compound 
was  obtained  if  the  solution  of  the  hydriodide  were  rendered 
alkaline  by  means  of  sodium  hydroxide,  and  then  acidified,  the 
resulting  precipitate  being  recrystallised  from  xylene: 

00904  gave  0-2420  COg  and  0-0400  HgO.     C  =  73-0 ;  H  =  4-9. 
CigHjgOgNg  requires  0  =  72*7;  H  =  4-5  per  cent. 

This  substance  was  evidently  a  condensation  product,  and  its 
properties  indicated  it  to  be  00' -dihydroxy-2 :  5-diphenylpyrazine, 
C4H2N2(CqH4*OH)2.  It  is  very  sparingly  soluble  or  insoluble  in 
nearly  all  solvents,  and  forms  unstable  salts  of  a  bright  red  colour 
when  treated  with  mineral  acids  in  an  anhydrous  solvent.  When 
heated  above  its  melting  point,  it  sublimed  in  yellow  leaflets. 

It  appears  from  this  result  that  w-amino-o-hydroxyacetophenone, 
when  dissolved,  behaves  in  a  manner  strictly  analogous  to  that 
exhibited  by  the  op-dihydroxy-base.  That  is  to  say,  that  two 
molecules    condense   with  the  formation    of   oo'-dihydroxy-3:  Q-di- 
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hydro-1:  b-diphenylpyrazine,    which    then     undergoes     spontaneous 
oxidation  to  the  corresponding  pyrazine  derivative. 

oo' -Dihenzoyloxy-2  :  5-diphenylpyrazine,  CiH2N2(C6H4'OBz)2,  was 
prepared  by  benzoylating  the  above-described  pyrazine  derivative 
in  pyridine  solution.  It  formed  small,  almost  colourless  prisms, 
which  melted  at  185°,  but  the  amount  available  was  not  sufficient 
for  analysis. 

Action  of  Hydriodic  Acid  on  pTp'-Dimethoxy-2:  5-diphenylpyrasine. 

As  previously  shown,  the  methoxy-2 :  5-diphenylpyrazines 
described  in  the  present  paper,  which  contain  the  substituent  ether 
groupings  in  the  meta^  and  para-positions,  are  formed  by  the  con- 
densation of  two  molecules  of  an  u-aminomethoxyacetophenone, 
followed  by  spontaneous  oxidation  of  the  resulting  dihydropyrazine 
derivative,  as  follows  (Gabriel,  loc.  cit.) : 

COR.CH,^  ^CR-CH,^  ^CRrCH^y 

The  corresponding  u-aminohydroxyacetophenones,  however,  could 
not  be  caused  to  condense  under  any  conditions. 

This  behaviour  is  the  reverse  of  that  shown  by  the  ortho- 
substituted  w-aminoacetophenones,  for  w-amino-o-methoxyaceto- 
phenone  and  w-amino-o/^-dimethoxyacetophenone  will  not  yield 
pyrazines,  whilst  the  corresponding  hydroxy-derivatives  spon- 
taneously pass  into  such  compounds. 

With  the  object  therefore  of  preparing  pp'-dihydroxy-2 :  5-di- 
phenylpyrazine, the  action  of  hydriodic  acid  on  pp'-dimethoxy- 
2 :  5-diplienylpyrazine  was  investigated.  It  was  found,  however, 
that  this  acid  alone  had  only  an  extremely  slow  action  on  the 
compound  in  question,  but  that  if  a  quantity  of  acetic  acid  were 
added  to  the  mixture,  a  change  ensued  with  moderate  rapidity. 
The  product  obtained,  however,  was  not  the  expected  hydroxy- 
diphenylpyrazine,  but  the  reaction  proceeded  further,  fission  of  the 
pyrazine  nucleus  taking  place,  resulting  in  the  formation  of  two 
molecules  of  w-amino-p-hydroxyacetophenone  (Tutin,  Caton,  and 
Hann,  loc.  cit.).  It  was  thus  shown  that  the  series  of  reactions 
which  result  in  the  formation  of  pyrazine  derivatives  from  w-amino- 
acetophenones  can  be  quantitatively  reversed  by  means  of  hydriodic 
acid. 

A  quantity  of  pp'-dimethoxy-2  :  5-diphenylpyrazine  was  boiled  for 
two  hours  with  a  mixture  of  concentrated  hydriodic  and  glacial 
acetic  acids.  The  liquid  was  then  diluted  with  water  and  extracted 
with  ether  for  the  removal  of  iodine,  after  which  it  was  evaporated 
to  dryness  under  diminished  pressure.     On  crystallising  the  residue 

8  B  2 
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from  eth}'!  acetate,  colourless,  prismatic  needles  were  obtained,  which 
melted  at  230° : 

0-3435  gave  0-2885  Agl.     1  =  45-4. 

C8H902N,HI  requires  1  =  45-5  per  cent. 

o)-A  mino-'p-hi/droxpacetophenone  hydriodide, 
HO-C6H4-CO-CH2-NH2,HI, 
is  much  more  soluble  in  organic  solvents  than  is  the  corresponding 
hydrochloride  (Tutin,  Caton,  and  Hann,  loc.  cit.).     On  benzoylation, 
it    yielded     w-benzoylamino-2^benzoyloxyacetophenone,   melting     at 
173—174°. 

Action  of  Hydriodic  Acid  on  iaxri'pp'-Tetramethoxy-2:  b-diphenyl- 

pyrazine. 

wm'2^y-Tetramethoxy-2 :  5-diphenylpyrazine  was  boiled  for  two 
hours  with  a  mixture  of  glacial  acetic  and  concentrated  hydriodic 
acids,  after  which  the  liquid  was  diluted,  extracted  with  ether,  and 
evaporated  to  dryness  under  diminished  pressure.  The  residue  was 
crystallised  from  a  mixture  of  ethyl  acetate  and  alcohol,  when  it 
formed  small,  nearly  colourless  prisms,  melting  at  247 — 248°: 

0-2175  gave  0-1717  Agl.     1  =  42-7. 

CgHgOgN,!!!  requires  1  =  430  per  cent. 

This  salt  was  therefore  evidently  oi-amino-m'p-dihydroxyaceto- 
phenone  hydriodide,  C6H3(OH)2*CO*CH2*NH2,HI.  On  rendering 
its  solution  alkaline  with  sodium  carbonate,  w-amino-m^dihydroxy- 
acetophenone  separated  in  nearly  colourless  leaflets,  which  gradually 
decomposed  and  melted  above  235°.  This  base  has  previously  been 
prepared  by  another  method  during  the  synthesis  of  epinephrine 
(D.R.-P.  155632),  and  the  above-described  reaction  therefore  affords 
a  new  means  of  obtaining  this  important  compound. 

Action  of  Hydtiodic  Acid  on  2  :  Q-DipJienylpyrazine. 

As  the  action  of  hydriodic  acid  on  the  2 :  5-substituted  pyrazines 
was  found  to  result  in  the  complete  disruption  of  the  pyrazine  ring, 
it  was  considered  of  interest  to  investigate  the  effect  of  this  reagent 
on  the  analogous  2  :  6-substituted  bases.  It  was  then  found  that 
the  nitrogen-containing  ring  was  broken  in  this  case  also,  in  the 
following  manner : 


A  quantity  of  2  :  6-diphenylpyrazine  was  heated  for  several  hours 
with  a  mixture  of  concentrated  hydriodic  and  glacial  acetic  acids. 
On  allowing  the  liquid  to  cool,  a  sparingly  soluble  hydriodide 
separated.     This  was  collected,  and  recrystallised  from  glacial  acetic 
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acid,  when  it  formed  flattened  needles,  which  melted  and  decom- 
posed at  211°.  This  salt  proved  to  be  diphenacylamine  hydriodide, 
(C6H5-CO-CH2)2NH,HI : 

0-1981  gave  0-1217  Agl.     1  =  33-2. 

CigHijOgN,!!!  requires  1  =  33-3  per  cent. 

This  hydriodide  was  converted  into  the  corresponding  hydro- 
chloride by  treatment  with  hydrochloric  acid  in  alcoholic  solution, 
when  glistening  leaflets  were  obtained,  which  melted  at  235°,  after 
previously  becoming  red.  (Found,  Cl  =  12-4.  Calc,  Cl  =  12-3  per 
cent.)  This  salt  had  all  the  properties  of  diphenacylamine  hydro- 
chloride, as  described  by  Gabriel  (loc.  cit.),  and  it  yielded  gold  and 
platinum  salts,  in  agreement  with  the  similar  derivatives  prepared 
by  him. 

The  original  acid  filtrate  from  the  diphenacylamine  hydriodide 
was  evaporated  to  dryness  under  diminished  pressure,  and  the 
residue  crystallised  from  a  mixture  of  ethyl  acetate  and  alcohol. 
A  colourless  salt  was  thus  obtained,  which  dissolved  easily  in  water, 
and  was  readily  recognised  by  the  usual  tests  as  ammonium  iodide. 

Conversion  of  Diphenacylamine  into  2 :  6-I)iphenylpyrazine. 

Both  Gabriel  (loc.  cit.)  and  the  present  author  (p.  2502)  have 
obtained  diphenacylamine  by  the  interaction  of  w-bromo-  or  chloro- 
acetophenone  and  ammonia,  and  the  present  author  has  shown  that 
2 :  6-diphenylpyrazine  is  also  formed  in  this  reaction  (p.  2501). 
Now,  since  diphenacylamine  results  when  this  pyrazine  derivative 
is  heated  with  hydriodic  acid,  it  appeared  to  the  present  author  that 
the  former  base  might  be  the  intermediate  compound  in  the 
formation  of  the  latter  by  the  reaction  mentioned.  This  has  been 
found  to  be  the  case,  for,  when  one  of  the  above-described  salts  of 
diphenacylamine  was  heated  with  ammonia,  2  :  6-diphenylpyrazine 
was  regenerated.  It  is  thus  seen  that  the  change  which  results  in 
the  formation  of  2  :  6-diphenylpyrazine  is  capable  of  reversion  by 
means  of  hydriodic  acid,  just  as  has  been  shown  to  be  the  case  with 
the  analogous  2  :  5-substituted  pyrazines. 

A  quantity  of  diphenacylamine  hydrochloride  was  heated  in  a 
sealed  tube  for  three  hours  at  100°  with  a  large  excess  of  a  solution 
of  ammonia  in  absolute  alcohol.  The  reaction  mixture  was  then 
evaporated  to  dryness,  the  residue  extracted  with  benzene,  and  the 
benzene  liquids  evaporated.  The  dark-coloured  residue  so  obtained 
was  dissolved  in  a  small  amount  of  ethyl  acetate,  and  a  solution 
of  hydrogen  chloride  in  absolute  alcohol  added,  when  2 :  6-diphenyl- 
pyrazinc  monohydrochloride  (m.  p.  189°)  separated.  On  treatment 
with  alcohol,  this  salt  dissociated,  yielding  2 :  6-diphenylpyrazine, 
melting  at  90°. 
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It  is,  of  course,  evident  that  the  interaction  of  diphenacylamine 
and  ammonia  must  first  result  in  the  formation  of  a  dihydro- 
2 :  6-diphenylpyrazine,  the  latter  then  undergoing  spontaneoixs 
oxidation. 

Action  of  Eydriodic  Acid  on  -pp'-Dimethoxi/-2:  Q-diphenplpyrazine. 

A  quantity  of  ]7j?'-dimethoxy-2 :  6-diphenylpyrazine  was  boiled 
for  several  hours  with  a  mixture  of  concentrated  hydriodic  and 
glacial  acetic  acids.  On  allowing  the  mixture  to  cool,  a  very 
sparingly  soluble  hydriodide  separated  in  long,  colourless  needles, 
which  melted  and  decomposed  at  251° : 

0-1050  gave  0-1805  COg  and  0-0392  HgO.     C  =  46-8;  H  =  4-l. 
CjgHi504N',HI  requires  C  =  46-5;  H  =  3-8  per  cent. 

This  salt  therefore  was  -pp' -dihydroxydiphenaci/lamine  hydriodide, 
(HO-C6H4-CO-CH2)2NH,HI.  It  was  very  sparingly  soluble  in 
water,  and  rather  more  soluble  in  alcohol,  but  was  insoluble  in  cold 
solvents  in  the  presence  of  an  excess  of  hydriodic  acid.  pp'-Di- 
hydroxydiphenacylamine,  prepared  from  this  salt,  formed  dark  red 
crystals,  but  as  it  was  very  unstable  it  was  not  further  investigated. 

pp'-Dihydroxy diphenacylamine  Hydrochloride, 
(HO-C6H4-CO-CH2)2NH,HCl. 
— This  salt  was  prepared  by  the  addition  of  concentrated  hydro- 
chloric acid  to  an  alcoholic  solution  of  the  corresponding  hydriodide. 
It  crystallised  from  alcohol  in  colourless  leaflets,  or  from  water  in 
needles,  and  melted  at  279°.  It  is  less  soluble  in  alcohol  than  the 
hydriodide,  but  dissolves  in  water  more  readily  than  the  latter : 

0-2093  gave  0-0914  AgCl.     CI  =  10-8. 

Ci£Hj504N,HCl  requires  Cl  =  irO  per  cent. 

pp'-Dihydroxy diphenacylamine  Flatinichloride, 
[(HO  •  CfiH^- CO-CH2)2NH]2H2PtCl6. 
— This  derivative  crystallised  very  readily  in  buff-coloured  needles, 
which  melted  and  decomposed  at  230°: 

0-1210  gave  0-0241  Pt.     Pt=19-9. 

(Ci6Hi504N)2H2PtCl6  requires  Pt=19-9  per  cent. 

pp'-Dihydroxy diphenacylamine  A  urichloride, 

(HO-C6H4-CO-CH2)2NH,HAuCl4. 
— This   salt    crystallised    readily   in  bright  yellow    needles,  which 
melted  at  259°  after  undergoing  some  decomposition : 
01012  gave  0-0319  Au.     Au  =  31-5. 

CicH,504N,HAuCl4  requires  Au  =  3r5  per  cent, 
pp'  -  Dihydroxydiphenacylamine     picrate,     C,cHj,r,04N,CQH307N3, 
forms  long,  bright  yellow  needles,  which  melt  at  169°. 
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Conversion  of  i^T^'-Dihydroxydi'phenaq^lamine  into    Tp^^-Dihydroxy- 

2 :  6-diphenylpyrazine. 

yp'-Dihydroxydiphenacylainine  hydrochloride  was  heated  for  two 
hours  in  a  sealed  tube  at  100°  with  a  large  excess  of  a  solution  of 
ammonia  in  absolute  alcohol.  The  mixture  was  then  evaporated, 
and  the  residue  extracted  with  boiling  xylene.  On  crystallising 
from  glacial  acetic  acid  the  material  dissolved  by  the  xylene,  small, 
pale  yellow  prisms,  melting  at  305°  were  obtained : 

0-1210  gave  0-3192  COg  and  00496  HgO.     C  =  72-5;  H=4-5. 
CigHjgOgNg  requires  C  =  72-7;  H  =  4-5  per  cent. 

This  compound  was  evidently  pp'-dihydroxy-2 :  6-diphenyl- 
jjyrazine,  C4H2N2(C6H4*OH)2.  It  yielded  unstable  salts  with  the 
mineral  acids,  the  monohydro chloride  and  monosulphate  being 
orange-coloured,  whilst  the  disulphate  was  deep  reddish-purple. 

Action  of  Hydriodic  Acid  on  mm.''p'p'-Tetramethoxy-2:  6-diphenyl- 
pyrazine. 

mm'pp'-TetTa,Tnethoxj-2 :  6-diphenylpyrazine  was  heated  with 
hydriodic  acid  in  a  manner  similar  to  that  described  in  connexion 
with  the  corresponding  dimethoxy-compound.  A  hydriodide  was 
thus  obtained,  which  crystallised  from  acetic  acid  in  colourless 
leaflets,  and  melted  and  decomposed  at  236°: 

0-1725  gave  00918  Agl.     1  =  28-3. 

CigHjjOgNjHI  requires  1  =  285  per  cent. 

joam'p'p'-Tetrdhydroxydiphenacylamine  hydriodide, 
[C6H3(OH)2-CX)'CH2]2NH,HI, 
is  somewhat   more   soluble    in  water   than  the   corresponding    di- 
hydroxy-compound.     On  treating  its  aqueous  solution  with  alkalis, 
a  yellow  colour  is  produced,  but  oxidation  very  rapidly  ensues,  with 
the  development  of  a  brown  colour. 

mm'p'p^ -Tetrahydroxydiphenacylamine  Hydrochloride, 
[C6H3(OH)2-CO-CH2]2NH,HCl. 
— This  salt  was  prepared  by  the  addition  of  concentrated  hydro- 
chloric acid  to  an  alcoholic  solution  of  the  above-described 
hydriodide,  when  the  new  derivative  immediately  separated.  It 
crystallises  from  water  in  colourless  leaflets,  which  melt  and  decom- 
pose at  264° : 

0-2687  gave  01075  AgCl.     CI  =  99. 

CicHisOjN.HCl   requires  01  =  100  per  cent. 

On  treating  a  sohition  of  mm'pp'-tetrahydroxydiphenacylamine 
hydrochloride  with  auric  or  platinic  chloride,  the  respective  metal 
was  quickly  deposited.     A  mercurichloride  was  obtained  from  the 
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hydrochloride  in  tufts  of  small,  white  needles,  but  it  was  unstable, 
and,  on  warming  its  solution,  mercurous  chloride  soon  separated. 
mm.' i^'^'-Tetrahydroxydi'phenacylamine   pi  crate, 

[C6H3(OH)2-CO-CH2]2NH,C6H307N3, 
crystallised   readily    in   tufts   of    yellow   needles,   which    contained 
water  of  crystallisation,  and,  when  air  dried,  melted  at  112 — 115°. 

In  conclusion,  the  author  wishes  to  acknowledge  his  indebtedness 
to  Mr.  F.  W.  Caton,  B,A.,  B.Sc,  for  the  preparation  and  purification 
of  the  w-chloro-o-  and  j^-i^ethoxyacetophenones  employed  in  this 
research. 

The  Wellcome  Chemical  Research  Laboratokies, 
London,  E.G. 


CCLVIII. — The  Absorption  Spectra  of  Some  Substituted 
Pyrazines  and  their  Salts. 

By  Frank  Tutin  and  Frederic  William  Caton. 

In  the  preceding  paper,  the  preparation  of  2 :  5-  and  2 :  6-diphenyl- 
pyrazine,  2j^'-dimethoxy-2 :  5-  and  -2 :  6-diphenylpyrazine,  and 
mm'2'2^'-tetramethoxy-2  :  5-  and  -2  :  6-diphenylpyrazine  is  described. 
During  the  course  of  this  work,  certain  remarkable  colour  changes 
were  observed  on  treating  these  bases  with  acids,  which  suggested 
to  us  that  a  fuller  investigation  of  the  subject  might  lead  to 
interesting  results.  Thus,  whilst  the  hydrochloride  of  2 :  6-di- 
phenylpyrazine appeared  colourless,  the  corresponding  salts  of  the 
analogous  pi^'-dimethoxy-  and  mm'2>2?'-tetramethoxy-bases  were 
bright  yellow  and  orange-coloured  respectively.  Furthermore,  on 
adding  sulphuric  acid  to  a  chloroform  solution  of  /'^^''^^i'^^t^o^y' 
2 :  5-diphenylpyrazine,  a  yellow  liquid  which  exhibited  an  intense, 
green  fluorescence  was  first  produced,  whilst  on  the  addition  of 
an  excess  of  the  acid  a  very  deep  violet-coloured  solution  resulted. 

The  further  investigation  of  the  bases  in  question  rendered  it 
evident  that  pyrazine  derivatives,  which  have  hitherto  been  stated 
to  be  monoacidic  bases,  in  reality  yield  two  series  of  salts,  the 
di-acid  salts  being  in  all  cases  much  more  highly  coloured  than 
the  corresponding  derivatives  containing  but  one  equivalent  of 
acid.  The  depth  of  colour  of  corresponding  salts  of  analogous  bases 
was  found  to  increase  with  the  accumulation  of  methoxyl  groups, 
and  to  be  somewhat  greater  in  compounds  of  the  2 :  5-serics  than 
in  the  corresponding  members  of  the  2 :  6-series. 

The  colours  of  the  salts  obtained  will  be  seen  on  reference  to  the 
following  table: 
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In  order  therefore  to  throw  some  light  on  the  nature  of  these 
colour  changes,  some  of  the  above-mentioned  bases  and  certain  of 
their  salts  have  been  examined  spectroscopically  in  chloroform 
solution.  This  solvent  was  chosen  as  both  the  bases  and  their  salts 
are  sufficiently  soluble  in  it,  and,  although  it  has  a  certain  amount 
of  general  absorption  in  the  extreme  ultra-violet  region  of  the 
spectrum,  it  was  thought  that  it  would  not  interfere  appreciably 
with  the  results.  Moreover,  the  salts  of  the  pyrazines  have  much 
less  tendency  to  hydrolyse  when  dissolved  in  chloroform  than  in 
alcoholic  solution.* 

The  curves  obtained  from  2  : 6-diphenylpyrazine,  ^'^^^-dimethoxy- 
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2  : 6-Diphcnylpyrazine 

2  ;  Q-Diphenylpyrazine  hydrochloride. 

2  :  6-Diphcnylpyrazine  hydrobromide. 

2  :  6-diphenylpyrazine,  and  7nm'p2/-tetramethoxy-2  :  6-diphenyl- 
pyrazine are  shown  in  Figs.  1,  2,  and  3  respectively.  From  these  it 
is  seen  that  each  of  the  bases  shows  absorption  in  the  ultra-violet 
part  of  the  spectrum,  and  that  salt-formation  is  accompanied  by  a 
considerable  shift  of  the  bands  towards  the  red  end,  thus  accounting 
for  the  development  of  colour  on  treatment  with  acids.  In  the 
case  of  2  :  6-diphenylpyraziu6  hydrochloride,  which  is  practically 
colourless,   the   absorption  bands   still  lie  within    the    ultra-violet 

*  Even  when  einploying  chloroform  as  a  solvent  for  the  salts  it  was  necessary  to 
liave  a  certain  excess  of  the  respective  acid  iu  tlie  solution. 
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Fig.  2. 
Oscillation  frequencies. 
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^T^' -Dimethoxy-2  :  6-diphenylpyrazine. 

-  '  •  •    'p]^'-IHniethoxy-2  :  6-diphenylpyrazine  hydrochloride. 
Y>p' -Dimethaxy-2  :  Q-dipheaylpyrazine  hydrohromide. 
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Fig.  3. 
Oscillation  frequencies. 
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—    mm'pp'-  TUramelhoxy-2  :  ^-diphetiylpyrazine. 

-  -     mm'j>p'-  Tetramelhyjnj-'Z  ;  6-diphcnylpijrcuiTU  hydrochloride. 

—  mm'pp'-  l'etraniethoxy.2  :  6-diphenylpyrazi7ic  hydrobromick. 
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region,  but  one  band  shown  by  the  corresponding  hydrobromide  just 
extends  into  the  visible  part  of  the  spectrum,  thus  explaining  the 
pale  yellow  colour  of  the  salt  in  question.  The  shift  of  the  absorp- 
tion bands  towards  the  red  end  of  the  spectrum  caused  by  the 
substitution  of  hydrobromic  for  hydrochloric  acid  is  not  nearly  so 
great  as  that  caused  by  the  conversion  of  the  base  into  its  hydro- 
chloride, thus  indicating  that  the  alteration  in  position  of  the  bands 
in  the  latter  case  must  be  due  chiefly  to  salt-formation,  and  only  in 
a  minor  degree  to  the  weight  or  nature  of  the  acid  radicle  attached. 
The  di-  and  tetra-methoxy-bases  of  the  2 :  6-series,  and  all  of 
the  salts  show  two  absorption  bands,  but  in  the  case  of  2  :  6-diphenyl- 


■^ 


2000 


Fig.  4. 

Oscillation  frequencies. 
2500  3000  3500 


4000 


2000 
1800 
1600 
1400 
1200 
1000 
800 


1 

1 

-4 

■  \ 

i 

„•^"^ 

\ 

— 

T 

\ 

100 

60 
40 

20 
10 


2  : 5-Diphcnylpyrazine, 

2  :  Z-Diphenylpyrazine  hydrochloride. 


0? 


pyrazine  only  one  band  is  seen.  Nevertheless,  it  is  considered  most 
probable  that  the  absorption  of  all  three  2 :  6-substituted  bases  is, 
in  reality,  similar,  the  second  absorption  band  of  the  last-mentioned 
base  being  lost  owing  to  the  absorption  shown  by  the  chloroform 
which  was  used  as  a  solvent. 

The  curves  yielded  by  2  :  5-diphenylpyrazine  and  its  monohydro- 
chloride,  and  by  272/-dimctlioxy-2  :  5-diphenylpyrazine  and  the  corre- 
sponding salt  of  this  base,  are  shown  in  Figs.  4  and  5  respectively. 
It  will  be  observed  in  the  case  of  these  2 :  6-8ubstituted  bases  that 
the  curves  show  only  one  absorption  band,  whilst  two  such  are 
exhibited    by   the  curves  obtained    from    the  salts.     One    possible 
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explanation  of  this  is  that  the  second  absorption  band  of  the 
2  :  5-substituted  bases  has  been  lost  owing  to  the  absorption  caused 
by  the  chloroform,  just  as  is  thought  likely  to  be  the  case  with 
2  :  6-diphenylpyrazine,  as  already  mentioned.  On  the  other  hand, 
the  fact  that  the  band  shown  by  the  2 :  5-substituted  bases  is  much 
broader  than  either  of  the  bands  in  any  of  the  other  curves  obtained 
would  suggest  that  in  the  bases  of  the  2  :  5-series  the  two  absorption 
bands  may  have  become  merged  into  one. 

Certain  general  conclusions  may  be  drawn  from  the  absorption 
curves   given,    namely,    the   following:    (1)    The  similarity    of  the 
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l)^' -Dimethoxy-i :  b-diphcmjljnjrazine. 
\i^'-Dimetkoxy-2 : 5-diplienylpyrazine  hydrochloride. 


curves  given  by  the  bases  and  their  salts,  particularly  in  the 
2 :  6-series,  indicates  that  no  change  other  than  the  rearrangement 
of  valencies  necessitated  by  the  change  N"'  — >-  N^  occurs  on  treating 
the  bases  in  question  with  acids.  (2)  That  salt-formation  causes 
an  increased  persistency  of  the  bands,  together  with  a  very  large 
shift  towards  the  red  end  of  the  spectrum.  This  result  is  similar 
to,  but  very  much  greater  than,  that  which  has  previously  been 
observed  in  the  case  of  pyridine  and  its  homologues  (Hartley,  Trans., 
1885,  47,  685;  Baker  and  Baly,  ibid.,  1907,  91,  1122;  and  Purvis, 
Proc.  Camh.  Phil.  Soc,  1908,  14,  436).  (3)  The  introduction  of 
methoxyl  groups  causes  a  shift  of  the  absorption  bands  towards  the 
red  end  of  the  spectrum — an  effect   which   has  several  times  pr&- 
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viously  been  noted  by  other  workers.  (4)  The  position  of  the 
substituent  groups  in  the  pyrazine  nucleus  affects  the  position  of 
the  absorption  bands  shown  by  the  bases  and  their  salts,  the  bands 
shoAvn  by  the  2 :  5-substituted  compounds  being  nearer  the  red  end 
of  the  spectrum  than  those  shown  by  their  2 :  6-substituted 
isomerides  (compare  Purvis,  loc.  cit.). 

The  absorption  curves  given  also  appear  to  indicate  that  the 
weight  of  the  acid  radicle  present  in  a  given  salt  had  an  effect  on 
the  position  of  the  bands,  the  hydrobromides  being  more  deeply 
coloured  than  the  corresponding  hydrochlorides.  It  would  appear 
premature,  however,  to  consider  this  conclusion  as  proved,  without 
considerable  further  evidence  obtained  by  the  study  of  a  variety 
of  salts,  for,  in  every  case  where  the  sulphates  could  be  obtained, 
they  were  found  to  be  less  deeply  coloured  than  even  the  corre- 
sponding hydrochlorides,  but  their  absorption  spectra  were  not 
examined.  It  thus  appears  that  the  nature  of  the  acid  employed 
may  have  a  greater  effect  than  its  molecular  weight  on  the  colour 
of  the  resulting  salt. 

The  formation  and  properties  of  the  salts  which  were  obtained 
from  the  pyrazine  derivatives  under  consideration  are  described 
below.  In  most  cases  the  melting  points  of  these  derivatives  were 
indefinite,  and  of  no  value  for  the  purpose  of  characterisation. 

Salts  of  2 :  b-Di'phenyl'pyrazine. — No  salt  of  this  base  with  one 
equivalent  of  an  acid  could  be  obtained  in  the  solid  state,  but  the 
dihydrohromide  and  dkulphate  crystallised  readily.  On  passing 
hydrogen  chloride  into  a  chloroform  solution  of  the  base;  a  yellow 
liquid  was  obtained,  which  doubtless  contained  the  dihydro chloride. 

Dry  hydrogen  bromide  was  passed  into  a  solution  of  2 :  5-di- 
phenylpyrazine  in  glacial  acetic  acid,  and  the  mixture  kept  a  few 
hours.  Golden-yellow  crystals  then  separated,  which  were  found 
to  be  2  :  5-diphenylpyrazine  dihydrohromide,  C4H2N2(C6H5)2,2HBr : 

0-1527  gave  0-1435  AgBr.     HBr  =  40-5. 

Ci6Hi2N2,2HBr  requires  HBr  =  4ri  per  cent. 

This  salt  was  readily  dissociated  by  water,  alcohol,  or  moist  air. 
On  heating  it  with  ethyl  acetate,  it  dissolved  and  partly  dissociated, 
and,  on  cooling  the  solution,  a  mixture  of  dihydrohromide  and 
base  separated,  but  no  monohydrobromide  was  obtained. 

2 :  5-Diphenylpyrazine  disulphate,  C4H2N2(C6H5)2,2H2S04,  re- 
sulted on  the  addition  of  concentrated  sulphuric  acid  to  a  solution 
of  the  respective  base  in  ethyl  acetate  or  glacial  acetic  acid;  the 
monosulphate  could  not  be  obtained.  2 :  5-Dipheuylpyrazine  di- 
sulphate forms  yellow  plates,  which,  when  exposed  to  moist  air, 
readily  dissociate,  yielding  the  colourless  base : 
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0-2417  gave  0-2570  BaSO^.     H2S04  =  44-7. 

CjeHi^No'^HaSO^  requires  H2S04  =  45-8  per  cent. 

Although  the  result  of  this  analysis  is  not  in  very  close  agreement 
with  the  theoretical  figures,  owing  to  the  readiness  with  which  the 
salt  dissociates,  it  nevertheless  proves  conclusively  that  the  salt  has 
the  formula  indicated  above. 

Salts  of  2 :  Q-Diphenylpi/razine. — The  monohydrochloride  of  this 
base  is  described  in  the  preceding  paper  (p.  2501).  It  is  a  prac- 
tically colourless,  crystalline  solid.  The  monohydrohromide,  how- 
ever, is  pale  yellow,  whilst  the  monostilphate  is  quite  colourless. 
The  dihydrochloride  and  disulphate  were  obtained  in  the  form  of 
solutions,  both  of  which  were  yellow,  but  no  positive  indication  of 
the  formation  of  a  dihydrobromide  could  be  obtained. 

2 :  %-Diphenylpyrazine  monohydrohromide,  C4H.2N2(C6H5)2,HBr, 
separated  in  pale  yellow  needles  on  passing  hydrogen  bromide  into 
a  solution  of  the  respective  base  in  a  mixture  of  ethyl  acetate  and 
alcohol.     Like  the  previously  described  salts,  it  readily  dissociated : 

0-1408  gave  00840  AgBr.     HBr  =  2o-7. 

Cj8Hi2N5,^HBr  requires  HBr  =  25"9  per  cent. 

2 :  %-Diphenylpyrazine  monosulphate,  C4H2N2(C6H5)2,H2S04, 
crystallised  in  quite  colourless  needles  on  adding  concentrated 
sulphuric  acid  to  a  solution  of  2 :  6-diphenylpyrazine  in  glacial 
acetic  acid: 

01316  gave  00934  BaSO^.     H2S04  =  29-8. 

CjeH  12^2,112804  requires  H2S04  =  29-7  per  cent. 

Salts  of  pp'-Dimetkoxy-2  :  5-diphenylpyrazine. — The  monohydro- 
chloride, m,onohydrohro7mde,  and  monosulphate  of  pp'-dimethoxy- 
2  :  5-diphenylpyrazine  crystallised  readily,  and  the  disulphate  was 
also  obtained  in  crystals,  although  it  was  very  unstable.  A  solution 
of  the  dihydrobromide  was  obtained  as  a  deep  violet^coloured  liquid 
by  saturating  a  solution  of  yp'-dimethoxy-2 :  5-diphenylpyrazine  in 
glacial  acetic  acid  with  hydrogen  bromide;  and  this  salt  also 
appeared  to  be  formed  on  passing  dry  hydrogen  bromide  over  the 
solid  base.  No  positive  evidence  of  the  formation  of  a  dihydro- 
chloride could  be  obtained. 

fp'-Dim€thoxy-2  :  b-diphenylpyrazine  monohydrochloride, 
C4H2N2(C6H4-OMe)2,HCl, 
was  formed  by  saturating  a  warm  solution  of  the  pyrazine  derivative 
in  glacial  acetic  acid  with  hydrogen  chloride.     On  cooling,  the  salt 
separated  in  bright  yellow  needles: 

0  3191  gave  01374  AgCl.     HCl  =  10-9. 

Ci8Hic02N2,HCl   requires  HC1=111  per  cent. 

This  salt  dissociated  much  more  readily  thaCn  the  corresponding 
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derivative  of   the    2 :  G-substituted   base,    and,  when    dissolved    in 
chloroform,  exhibits  an  intense  green  fluorescence. 

f^Tp' -Dimethoxy-2  :  ^-diphenylpyrazine  Tnonohydrohromide, 
C4H2N2(CoH4-OMe)2,HBr, 
was  prepared  in  a  manner  similar  to  the  salt  last  described.     It 
formed  orange-coloured  needles : 

0-2781  gave  0-1373  AgBr.     HBr  =  21-3. 

CisHjgOoNojHBr  requires  HBr  =  21*7  per  cent. 

2>p'-Dimethoxy-2 :  5-diphenylpyrazine  monohydrobromide,  like 
the  corresponding  hydrochloride,  is  fluorescent  in  chloroform 
solution. 

T^T^'-Dimethoxy-2 :  d-diphenyljyyrazine  monosulphate, 
C4H2N2(CcH4-OMe)2,H2S04, 
separated  in  yellow  needles  on  adding  sulphuric  acid   to  a  warm 
solution  of  the  respective  base  in  glacial  acetic  acid,  and   cooling 
the  mixture.     It  dissociates  readily,   and,   like  the  last-mentioned 
two  salts,  is  fluorescent  in  chloroform  solution : 

0-2700  gave  0-1581  BaSO^.     ^2^0^  =  2^-6. 

Cj8Hjg02N2,H2S04  requires  H2S04  =  25'1  per  cent. 

When  to  a  solution  of  y2''-dimethoxy-2 :  5-diphenylpyrazin6  in 
chloroform,  concentrated  sulphuric  acid  was  added,  a  yellow 
solution  of  the  monosulphate  was  first  formed,  which  ex- 
hibited a  brilliant  green  fluorescence,  but  on  introducing  an 
excess  of  the  acid  the  base  was  dissolved  by  the  latter,  yielding 
an  intensely  violet-coloured  liquid  below  the  chloroform.  Sufiicient 
ethyl  acetate  was  then  added  to  render  the  mixture  homogeneous, 
and  the  liquid  kept  a  few  hours,  when  ^T^'-dimethoxy-1:  5-diphenyl- 
pyrazine  disulphate,  C4H2N2(CeH4'OMe)2,2H2S04,  separated  in 
small  prisms,  resembling  in  colour  crystals  of  potassium  per- 
manganate. This  disulphate  is  very  unstable;  it  dissociates  in 
ordinary  air,  yielding  the  yellow  monosulphate,  and,  if  the  air  be 
unusually  damp,  complete  dissociation  ensues.  The  dissociated 
mixture  may,  however,  be  successively  reconverted  into  the  yellow 
monosulphate  and  the  deep  violet-coloured  disulphate  by  desic- 
cation : 

0-1224  gave  0-1200  BaSO^.     H2S04  =  41-1. 

Ci8Hi602N2,2H2S04  requires  H2SO4  =  40-2  per  cent. 

This  disulphate  dissociated  so  readily  that  it  could  not  be  washed 
with  any  solvent,  and  it  is  owing  to  this  fact  that  the  analysis 
indicated  a  somewhat  high  percentage  of  sulphuric  acid. 

Salts  of  pp'-Dimethoxy-2 :  6-diphenylpyrazine. — This  base  readily 
yielded  a  crystalline  monohydrochloride,  monohydrobromide,  and 
monostdphate,  the  first  of  which  has  been  described  in  the  preceding 
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paper  (p.  2506).  No  indication  of  the  formation  of  a  dihydro- 
chloride  could  be  obtained,  but  the  dihydrohromide  was  obtained 
as  a  very  deep  violet-coloured  solid  by  passing  dry  hydrogen  bromide 
over  the  solid  base.  A  deep  violet-coloured  solution  of  the 
disulphate  in  concentrated  sulphuric  acid  was  formed,  but  this  salt 
could  not  be  crystallised. 

^■p'-Di'methoxi/-2 :  6-dipheni/ljn/razine  monohydrohromide, 
C4H2N2(C6H4-OMe)2,HBr, 
crystallised  in  deep  yellow  needles  on  the  addition  of  a  little  con- 
centrated hydrobromic  acid  to  a  solution  of  the  base  in  a  mixture 
of  ethyl  acetate  and  alcohol: 

0-1685  gave  00832  AgBr.     HBr  =  21-3. 

Ci8Hjg02N2,HBr  requires  HBr  =  21  "7  per  cent. 

This  salt  is  not  fluorescent,  thus  differing  from  its  2  :  5-substituted 
isomeride. 

Tpp'-Dimethoxy-2  :  Q-diphenylpyrazine  mono  sulphate, 
C4H2K(C6H4-OMe)2,H2S04, 
was  obtained  on  adding  concentrated  sulphuric  acid  to  a  solution 
of  the  respective  base  in  ethyl  acetate.     It  was  not  fluorescent,  and 
formed  pale  yellow  needles,  which  dissociated  fairly  readily : 

0-2635  gave  0-1549  BaSO^.     H2S04  =  24-7. 

Ci8Hi602N2,H2S04  requires  H2S04  =  251  per  cent. 

Salts  of  mm' Tpp'-Tetramethoxy-2  :  5-diphenylpyrazine.  —  The 
amount  of  this  base  available  was  very  small,  and  therefore  only 
its  behaviour  towards  sulphuric  acid  was  investigated.  It  was 
markedly  more  basic  than  the  previously  mentioned  bases.  When 
treated  with  a  small  amount  of  sulphuric  acid  in  glacial  acetic  acid 
solution,  it  yielded  m.m.'pp' -tetramethoxi/-2 :  b-diphenylpyrazine 
monosulphate,  CgH3(OMe)2'C4H2N2'C6H3(OMe)2,H2S04,  which 
formed  orange-red  needles.  If,  however,  the  solution  contained 
any  excess  of  sulphuric  acid,  the  orange-coloured  crystals  of  the 
monosulphate  soon  gave  place  to  small,  jetrblack  prisms  of  the  corre- 
sponding disulphate,  CeH3(0Me)2-C4H2N2-C6H3(0Me)2,2H2SO4. 
These  crystals  possessed  a  brilliant  metallic  lustre,  and  were  per- 
manent in  the  air,  although  they  were  dissociated  fairly  readily  by 
alcohol.  A  dilute  solution  of  m7n'27p'-tetramethoxy-2 :  5-diphenyl- 
pyrazine disulphate  in  concentrated  sulphuric  acid  had  an  intensely 
blue  colour.  The  amount  of  these  salts  was  not  suflScient  for 
analysis. 

Salts  of  mm'pp'-Tetramethoxy-2 :  6-diphenylpyrazine. — This  base 

.readily  yielded  a  crystalline  monohydrochloride,  monohydrohromide, 

and  monosulphate,  but  no  di-acid  salt  of  it  could  be  crystallised. 

No  evidence  of  the  existence  of  a  dihydrochloride  could  be  obtained, 

but  a  compound  of  a  bluish-black  colour  with  a  bronze  lustre,  which 
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was  doubtless  tte  dihydrohromide,  was  obtained  by  passing  dry 
hydrogen  bromide  over  the  crystalline  base.  A  deep  blue-coloured 
solution  of  the  disulphate  in  concentrated  sulphuric  acid  was  also 
obtained. 

mm'2^p'-Tetrani6thoxy-2 :  6-diphenylpyrazine  monohydrochloride 
has  been  described  in  the  preceding  paper  (p.  2511).  It  is  deep 
yellow,  and  does  not  dissociate  so  readily  as  the  previously  described 
hydrochlorides. 

jnni'ipp'-Tetraviethoxy-2  :  Q-di'phenyl'pyrazine  Tnonohydrohromide, 
C6H3(OMe)2*C4H2N2*C6H3(OMe)2,HBr,  was  obtained  in  orange- 
coloured  needles  on  passing  hydrogen  bromide  into  a  solution  of 
the  respective  base  in  warm  ethyl  acetate.  The  amount  of  product 
available  was  small,  and  it  was  not  analysed. 

imn.'pp'-Tetra7}vethoxy-2:  6-diphenylpyrazine  monosulphate, 
C6H3(OMe)2-C4H2N2-C6H3(OMe)2,H2S04, 
was  prepared  by  adding  concentrated  sulphuric  acid  to  a  solution 
of  the  respective  base  in  ethyl  acetate.     It  formed  yellow  needles, 
which  were  stable  in  the  air,  but  were  dissociated  by  alcohol  or 
water. 

Two  series  of  isomeric  mono-acid  salts  of  the  2 :  6-substituted 
pyrazines  are  possible,  which  would  be  represented  respectively  by 
the  following  formulae: 

(I.)  (I 

Throughout  the  course  of  this  work,  however,  no  indication  of 
the  presence  of  isomerides  was  observed,  and  it  is  therefore  probable 
that  the  acid  attaches  itself  to  one  of  the  nitrogen  atoms  more 
readily  than  to  the  other.  If  this  be  the  case,  the  mono-acidic  salts 
of  the  2 :  6-substituted  pyrazines  are  probably  represented  by 
formula  II.  Furthermore,  the  fact  that  no  di-acid  salt  of  the  last- 
mentioned  bases  could  be  crystallised  may  be  due  to  these  salts 
being  difficult  of  formation,  owing  to  steric  hindrance,  but  it  is 
quite  likely  that  it  is  due  only  to  their  being  more  soluble  than 
their  2 :  5-substituted  isomerides. 

In  conclusion,  the  authors  wish  to  acknowledge  their  indebtedness 
to  Dr.  J.  T.  Hewitt,  who  kindly  placed  at  their  disposal  the 
spectroscope  with  which  the  curves  given  in  this  paper  were  obtained. 

Thk  WicLLCOMK  Chkmical  Kast  Lonuon  Collkuk. 

Research  Labouatokiks,  London,  E.C. 
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CCLIX. — The  Absorption   Spectra   of   Various   Diketo- 
pyrroline  Compounds. 

By  John  Edward  Pubvis. 

A   SERIES    of  coloured    diketopyrrolines   have    been    described    by 

Ruhemann  (Trans.,  1909,  95,  984,  1603;  this  vol.,  pp.  462,  1438), 

and  it  appeared  to  be  of  some  interest  to  study  these  compounds  in 

relation    to   their   absorption    and  constitution;   the    aim    of    this 

communication  is  to  show  how  far  the  absorption  is  connected  with 

(1)  the  ketonic  groups,  (2)  the  replacement  of  the  oxygen  of  the 

ketonic    groups,   and    (3)    the    replacement   of    hydrogen    of     the 

aromatic  side-chains  by  various  groups. 

iV/1000-alcoholic    solutions    of    the    following    substances    were 

examined.     The  method  of  examination  has  been  described  before. 

CO — CO 
2  :  3-Diketo-4  :  5-diphenylpyrroline,  Api -p-p.  !^-NS! ;  dark  red. 

CO CO 

2:3-Diketo-4-phenyl-5-tolylpyrrolines(o-,  7n-,  jo),  A„,  .^^^  „  x^-^^i 

dark  red. 

CO CO 

2  :  3-Diketo-4-phenyl-5-p-cumylpyrroline,   Xti,  .^-^  tt   \^^^  >  *^^^^ 

CrhX^CgHii) 

red. 

From  the  absorption  curves  (Fig.  1),  it  is  evident  that  the 
absorptions  are  all  of  the  same  type.  The  differences  correspond 
with  differences  in  the  shades  of  red  of  the  different  compounds. 
For  example,  the  ortho-tolyl  compound  (I)  is  not  quite  so  dark 
red  as  the  meta^  (III)  and  para-  (V)  compounds,  and  the  curves 
show  these  differences,  in  that  the  rays  are  transmitted  through 
greater  thicknesses  of  the  solution.  It  is  noticeable,  also,  that  the 
diphenyl  compound  (II)  is  a  shade  darker  red  than  the  ortho-tolyl 
compound,  and  not  so  deep  red  as  the  meta-  and  para-compounds. 
This  is  also  clear  from  the  curves,  for  the  rays  are  transmitted 
through  greater  thicknesses  than  either  the  meta-  or  para-tolyl 
compounds.  Or,  to  put  it  another  way,  the  absorption  band  of 
the  ortho-tolyl  compound  is  not  so  strong  as  that  of  either  the 
meta-  or  parartolyl  compound;  and  the  absorption  band  of  the 
diphenyl  compound  is  a  little  stronger  than  that  of  the  ortho-tolyl 
compound,  but  not  so  strong  as  the  bands  of  the  meta-  or  pai'a- 
methyl  derivatives. 

iV/10,000-solutions  of  the  substances  were  also  examined,  but  no 
bands    were  observed  in    the    ultra-violet   regions.     The   positions 
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when  general  absorption  begin,  expressed  in  oscillation  frequencies, 
are: 

Diketodiphenylpyrroline  30  mm.  thick 

10 

Diketo-o-tolylpyrroline     30 

10 


Diketo-m-tolylpyrroline     30 

10 

Diketo-j)-tolylpyrroline      33 

»»  >f  >>  '■'^ 

Diketo-j?-cumylpyrroline   30 

«»     ••     If    -lu 


3246 
3997 
3603 
4199 
3320 
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Fig.  1. 
Osciillation  frequencies. 
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I.  "N /\000-alcoholic  solution  of  2  :  3  diketo-i-phenyl-5-o-tolylpyrroline. 

II.  "^ /1000-alcoholic         ,,  diketodiphenylpyrroline. 

III,  in/ 1000 -alcoholic         „  2  •.3-dikcto-i-phenyl-5-m-tolylpyrroline. 

IV,  'N/lOOO-alcoholic         ,,  2  :  d-diketo-i-phenyl-5-p-cumylpyrroline. 
y.  If/ 1000 -alcoholic         „  2:3-dikeio-i-phenyl-5--p-tolylpyrrolinc. 
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Therefore  the  result  of  the  substitution  of  hydrogen  by  an 
aliphatic  group  in  an  aromatic  side-chain  does  not  fundamentally 
alter  either  the  colour  or  the  absorption.  The  observed  band 
corresponds  in  each  case  with  the  colour,  and  there  is  no  band 
produced  in  the  ultrarviolet  region. 

When  the  two  diketo-groups  are  still  left  intact,  and  the  sub- 
stitution in  an  aromatic  side-chain  is  by  the  methoxy-  or  methylene- 
dioxy-groups,  the  dark  red  colour  remains  unchanged,  but  another 


Fig.  2. 
Oscillation  frequencies. 
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i  I.  "ii I lOfidQ -alcoholic  solution  of  2  :  3-diketo-i-pJunyl-5-^-anisylpyrroline. 
II.  "N /lO, QOQ-alcoholic  ,,  2  :S-diketoA-phenyI-5-pipero7iylpyrroline. 

band  in  the  ultra-violet  region  is  produced.     The  formulae  of  these 
two   derived   substances   are: 


co- 


-CO. 


2  :  3-Diketo-4-phenyl-57>-ani8ylpyrroline,  Jpj^.g.p  ^  -OMe)^^^  ' 
dark  red. 

2  : 3-Diketo-4-phenyl-5-piperonylpyrroline, 

cPh:c(c,H3:o,:cH2)'^      • 

dark  red. 

iV/10,000-solution3  were  examined,  and  from  the  curves  (Fig.  2) 
it  will  be  seen  that  each  substance  has  two  bands.  The  less 
refrangible  band  of  each  corresponds  with  the  bands  of  the  previous 
substances.  On  the  other  hand,  the  more  refrangible  bands  have 
no  corresponding  bands  in  the  original  diphenyl  compounds,  and 
they  also  differ  from  each  other  both  in  position  and  persistency. 
In  other  words,  neither  the  original  colour  nor  the  corresponding 
absorption  is   fundamentally   altered    by  the    introduction    of    a 
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methoxy-  or  a  methylenedioxy-group  in  an  aromatic  side-chain,  but 

another  band  is  produced  in  the  ultrarviolet  region  corresponding 

with  the  new  type  of  side-chain. 

Further,  the  phenylhydrazones  of  the  diphenyl   compound   and 

of  the  p-tolyl  compound  were  examined  in  i7/10,000-solutions.     The 

constitutional  formulas  of  these  substances  are : 

T^M        ,.  ,        1          ,.,„■,                C(:N-NHPh)-CO^ 
Diketodiphenylpyrrohnephenylhydrazone,     • p>ISH; 

carmine  red. 

Qpjj CI  N 

Diphenylpyrrolinophenazine,   n  • !    ^CgH^  ;  lemon-yellow. 

Diketophenyl-j9-tolylpyrrolinephenylhydrazone, 

c(:N:NHPh).co         , 

CPh=rC(C7H7)-^        ' 
carmine-red. 

■c.     ,    .  ,  ,       ,      ..      •      cPh c:n.  ^  „    , 

Phenyl-;?-tolyIpyrrolinophenazine,  jj  ^  ).]NH-C*N'^  «  *'  ^'^^°"" 
yellow. 

Considering  the  carmine-red  phenylhydrazones,  it  will  be  seen 
from  the  curves  (Fig.  3  and  4)  that  they  show  two  bands.  The 
less  refrangible  band  corresponds  with  the  single  band  of  the 
original  unsubstituted  diketopyrrolines  slightly  shifted  towards  the 
more  refrangible  side;  and  the  smaller,  more  refrangible  one  results 
from  the  introduction  of  the  hydrazine  radicle  in  place  of  oxygen 
of  one  of  the  ketonic  groups.  Considering  the  yellow-coloured 
phenazine  compounds,  the  curves  also  show  two  bands,  a  smaller, 
less  refrangible  one,  and  a  stronger  one  in  the  more  refrangible 
side.  That  is  to  say,  the  successive  elimination  of  the  oxygen  of 
both  the  ketonic  groups  produces  a  change  in  colour  from  dark 
red,  through  carmine-red  to  yellow ;  a  decrease  in  the  intensity  of 
the  band  of  the  original  diketonic  substances;  and  the  production 
of  another  band  on  the  more  refrangible  side,  the  intensity  of  which 
increases  by  the  successive  elimination  of  the  ketonic  groups.  It  is 
important  to  notice  that  the  increased  weight  of  the  molecule  does 
not  shift  the  band  or  the  general  absorption  towards  the  red  end, 
as  is  usually  the  case.  On  the  contrary,  the  shift  is  towards  the 
more  refrangible  end  of  the  spectrum. 

General  Results  and  Discussion. 

To  sum  up  these  observations,  it  is  clear  (1)  that  the  diketonic 
structure  means  the  production  of  a  dark  red  colour,  and 
a  corresponding  well-marked  absorption  band,  the  position 
of  which  differs  slightly,  corresponding  with  differences  in 
the    dark   red  shade;     (2)     the    introduction     of    a    methyl    or 
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Oscillation  frequencies. 
22       24       26      28       30 


32      34      36      38 


1            ! 

i 

/ 

\ 

t 

V 

w 

h 

7 

is 

\ 

\ 

I 

¥ 

/ 

s 

\ 

\\ 

A 

/ 

/ 

\ 

\ 

K 

\  \ 

\  /. 

V 

/ 

\ 

\ 

1 

J 

\ 

\ 

i       ! 

\ 

I.  'N/lOOO-rdcoholic  soltUion  of  diketodiphenylpyrroline. 
II.  N/10,000-aZcoA«Z»c       ,,        diketodiphenylpyrrolinephenyUiydrazone. 
III.  N/lOjOOO-aZcoAohc       ,,        diphenylpyrroliTwphenazine. 


Fig.  4. 
Oscillation  frequencies. 
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I.  "S/ 1000  alroholie  solution  of  2  :  Z-diketo-\-phenyl-b-^-lolylpyrroline. 
II.  N/lO.OOO-a/coAo/ic        ,,  ,,  ,,  phenylhydrazone. 

III.  N/lO.OOO-oZcoAoZtc        ,,       phenyl-p-tolylyyrrolinophinazine. 
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a  propyl  group  in  an  aromatic  side-chain  produces  no 
fundamental  change  either  in  the  colour  or  in  the  absorption 
band;  (3)  if  either  a  methoxy-  or  a  methylenedioxy-group  is 
introduced  in  an  aromatic  side-chain,  the  deep  red  colour  and 
corresponding  band  are  still  retained,  but  another  more  refrangible 
band  is  produced  characteristic  of  the  type  of  the  introduced 
radicle;  (4)  when  one  of  the  oxygen  atoms  of  the  diketonic  groups 
is  replaced  by  the  IN-NHPh  group,  the  colour  is  changed  from  dark 
red  to  carmine-red;  the  corresponding  less  refrangible  absorption 
band  is  reduced  in  intensity  and  its  position  is  shifted  towards  the 
more  refrangible  side ;  and  another  weaker  band  is  produced  beyond 
this  on  the  more  refrangible  side ;  (5)  the  replacement  of  both  oxygen 
atoms  of  the  diketonic  groups,  and  the  production  of  the  phenazine 

ring  I^^CgH^,  changes  the  colour  from  carmine-red  to  lemon-yellow, 

and  the  corresponding  band  is  also  shifted  towards  the  more 
refrangible  end.  This  band  is  also  less  intense,  and  the  second 
more  refrangible  band  becomes  much  stronger ;  and  (6)  correspond- 
ing with  these  changes  in  colour  and  selective  absorption,  the 
positions  of  general  absorption  are  shifted  towards  the  more 
refrangible  region  of  the  spectrum. 

The  observations,  then,  indicate  that  the  absorption  is  intimately 
connected  with  the  presence  of  a  diketonic  grouping.  Baly  and 
Stewart  (Trans.,  1906,  89,  502)  have  suggested  that  the  residual 
affinities  of  the  dicarbonyl  compounds  studied  by  them  are  oscillating 
between  two  extreme  phases.  But  in  these  compounds  it  may  be 
equally  valid  to  say  that  the  maximum  valencies  of  the  oxygen 
atoms  come  into  action,  resulting  in  the  production  of  a  closed 
ring  produced  by  the  two  oxygen  atoms,  and  the  consequent  pro- 
duction of  absorption.  On  this  suggestion  the  ring  is  destroyed 
by  the  elimination  of  the  oxygen  in  the  hydrazone  linking;  the 
intensity  of  the  original  band  is  lessened,  and  another  band  is 
produced,  accompanied  by  changes  in  the  colour  and  absorption  in 
the  visible  spectrum  from  the  less  to  the  more  refrangible  regions. 
The  further  production  of  the  phenazine  ring  does  not  wholly 
destroy  the  original  absorption ;  it  simply  decreases  it,  and  another 
band  is  produced  characteristic  of  the  new  type  of  ring. 

From  these  considerations,  it  seems  to  be  difficult  to  resist  the 
conclusion  that  the  original  band,  which  corresponds  with  the  deep 
red  colour,  is  caused  by  the  oscillation  or  vibration  of  the  original 
diketopyrroline  ring,  and  that  it  is  modified  by  the  elimination 
of  the  ketonic  groups.  In  connexion  herewith,  it  should  be 
mentioned  that  the  author  found  no  bands  in  phenylbydrazine  in 
solutions    of    i\^/10-,     Nj  100-,    Nj  1000-,    and    .V/10,000-strengths 
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through  varying  thicknesses  of  2  mm.  to  30  mm.  Also,  Hartley 
and  Dobbie  (Trans.,  1898,  73,  598)  found  no  bands  in  alcoholic 
solutions  of  pyrrole,  and  this  has  been  confirmed  by  the  author 
(this  vol.,  p.  1648). 

I  have  again  to  thank  the  Government  Grant  Committee  of  the 
Royal  Society,  by  whose  assistance  the  spectroscope  used  in  this 
research  was  obtained,  and  also  Dr.  Ruhemann  for  specimens  of  the 
pure  substances. 

UNrvERSiTY  Chemical  Laboratory, 
Cambridge. 


CCLX. — Researches  on  Bleaching  Powder. 

By   Robert   Llewellyn   Taylor. 

For  the  purpose  of  this  investigation,  it  was  first  of  all  necessary 
to  devise  a  method  for  distinguishing  between  pure  chlorine  and 
hypochlorous  acid,  and,  in  a  mixture  of  the  two,  finding  their 
proportions. 

The  method  used  was  to  pass  the  gases  through  a  known  volume 
of  iV/10-sodium  arsenite.  The  action  of  chlorine  and  of  hypo- 
chlorous  acid  on  sodium  arsenite  may  be  represented  thus: 

(1)  As203+2Cl2  +  2H20  =  As205  +  4HCl. 

(2)  As2O3+2H0Cl  =  As205+2HCl. 

It  is  plain  that,  for  the  same  amount  of  arsenite  oxidised,  twice 
as  much  hydrochloric  acid  (or  chloride)  is  produced  in  the  case  of 
chlorine  as  in  the  case  of  hypochlorous  acid.  The  arsenite  (which 
must  always  be  in  excess,  so  that  it  is  not  completely  oxidised)  is 
then  divided  into  two  equal  parts.  In  one-half,  the  amount  of 
arsenite  remaining  unoxidised  is  determined  by  means  of  N/10- 
iodine  solution,  and  from  this  the  amount  oxidised  is  ascertained. 
In  the  other  half,  the  amount  of  chlorine  is  determined  by  means 
of  iV/10-silver  nitrate.  In  the  latter  determination  the  use  of  an 
indicator  was  very  soon  discarded,  although,  if  a  considerable 
proportion  of  the  arsenite  has  been  oxidised,  the  arsenate  produced 
acts  fairly  well  as  an  indicator,  and  may  be  used  instead  of  adding 
a  chromate  to  the  solution.  Much  more  trustworthy  results,  how- 
ever, are  obtained  by  acidifying  the  solution  with  nitric  acid, 
adding  a  little  of  the  silver  solution,  boiling  for  a  minute  or  two, 
and  then  filtering  a  portion  of  the  liquid.  A  little  more  of  the 
silver  solution  is  added,  drop  by  drop,  to  the  filtered  portion,  which 
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is  then  returned  to  the  bulk,  and  this  boiled  and  filtered  again. 
This  is  continued  until  the  filtered  portion  gives  no  further  pre- 
cipitate with  the  silver  solution.  As  described,  the  process  seems 
tedious,  but  in  practice  it  works  very  well,  and  the  determination 
of  the  chlorine  can  be  made  fairly  rapidly.  In  this  process,  as  the 
solutions  used  are  all  decinormal,  and  therefore  equal  to  each  other, 
when  the  oxidising  agent  is  pure  chlorine,  the  amount  of  silver 
nitrate  used  (  =  amount  of  chloride  present)  is  the  same  as  the 
amount  of  arsenite  oxidised.  When  hypochlorous  acid  is  the 
oxidising  agent,  the  chloride  produced  is  only  half  the  amount  of 
arsenite  oxidised. 

The  Action  of  Carbon  Dioodide  on  Bleaching  Powder. 

It  is  very  frequently  stated,  and  probably  usually  considered,  that 
carbon  dioxide  simply  liberates  hypochlorous  acid  from  bleaching 
powder.  A  considerable  number  of  observers,  however,  have 
pointed  out  that  chlorine  is  produced  when  pure  carbon  dioxide 
acts  on  bleaching  powder. 

Thus,  Richards  and  Juncker  (jDingl.  Polyt.  J.,  1874,  211,  31) 
state  that  dry  bleaching  powder  is  almost  undecomposed  by  carbon 
dioxide.  If  about  10  per  cent,  of  water  is  present,  both  chlorine 
and   hypochlorous   acid  are  produced. 

Wolters  (/,  fr.  Chem.,  1874,  [ii],  10,  128)  refers  to  the  liberation 
of  chlorine  by  the  action  of  carbon  dioxide  on  bleaching  powder, 
and  Lunge  and  Schappi  {Dingl.  Polyt.  J.,  1889,  273,  63)  state  that 
carbon  dioxide  expels  nearly  the  whole  of  the  chlorine  from  bleaching 
powder. 

Dreyfus  {Bull.  Soc.  chim.,  1884,  [ii],  41,  600)  found  that  carbon 
dioxide  has  no  action  on  calcium  chloride,  but,  in  the  presence  of 
chlorine  monoxide,  either  dry  or  in  aqueous  solution,  it  liberates 
chlorine. 

More  recently  this  question,  with  others  relating  to  bleaching 
powder,  has  been  investigated  by  von  Tiesenholt  (/.  pr.  Chem., 
1901,  [ii],  63,  30;  1902,  [ii],  512;  1906,  [ii],  73,  301).  Some  of 
his  conclusions  will  be  referred  to  later. 

In  my  first  experiments,  carbon  dioxide,  in  its  ordinary  moist 
condition,  after  being  well  washed  with  water,  was  passed  through  a 
U-tube  containing  bleaching  powder  and  a  sufficient  amount  of 
glass  wool  to  give  a  free  passage  for  the  gas.  Carbon  dioxide,  as 
ordinarily  prepared  by  the  action  of  hydrochloric  acid  on  marble, 
invariably  carries  with  it  a  little  hydrochloric  acid,  and,  in  some 
of  the  experiments,  this  was  removed  by  passing  the  gas  through 
glass  wool  wetted  with  a  solution  of  silver  nitrate,  which  acts  quite 
effectually.     When,  however,  the  gas  is  well  washed  with  water,  the 
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amount  of-  hydrochloric  acid  accompanying  it  is  not  sufficient 
seriously  to  affect  the  results.  After  passing  through  the  bleaching 
powder,  the  gas  was  passed  through  a  Bunsen  U-tube  containing 
iV/10-sodium  arsenite. 

A  considerable  number  of  experiments  were  made,  and  the 
following  is  an  example  of  the  results  invariably  obtained.  Twenty 
c.c.  of  the  i\'/10-arsenite  were  used: 


Amount  of  arsenite  oxidised 8'35  c.c. 

Amount  of  iV'/lO-silver  nitrate  used 8 '4    c.c. 

It  is  plain  from  this  that  the  sole  product  of  the  action  of  carbon 
dioxide  on  bleaching  powder  is  chlorine.  The  escaping  gas  has  a 
strong  odour  of  chlorine,  and  none  at  all  of  hypochlorous  acid. 
The  action  proceeds  very  rapidly  if  the  carbon  dioxide  is  quite 
moist. 

In  some  further  experiments,  the  carbon  dioxide  was  dried  by 
passing  it  over  calcium  chloride.  The  effect  of  drying  the  gas  is 
that  the  action  becomes  much  slower,  and,  as  the  moisture  usually 
present  in  the  bleaching  powder  is  gradually  carried  away  by  the 
dry  carbon  dioxide,  it  soon  becomes  extremely  slow.  When  this 
point  has  been  reached,  the  instantaneous  acceleration  of  the  action 
when  the  drying  tube  is  removed  is  very  striking.  The  following 
three  experiments  show  that  the  product  is  the  same  with  the  dry 
as  with  the  moist  gas,  namely,  nothing  but  chlorine : 

n. 


Arsenite  oxidised. 

Chloride  produced 

1. 

3-4 

3-5 

2. 

]-9 

1-95 

3. 

6-55 

6-65 

The  slight  excess  of  silver  nitrate  used  may  have  been  due  to  a 
little  hydrochloric  acid  carried  over,  although  the  actual  amounts 
are  not  beyond  the  limits  of  accuracy  of  the  method. 

When  carbon  dioxide  is  passed  through  a  solution  of  bleaching 
powder  in  water,  the  action  is  very  rapid,  but  the  result  is  exactly 
the  same,  as  the  following  experiments  show : 

in. 


Arsenite  oxidised. 

Chloride  produced 

1. 

S-6 

5-58 

2. 

3  1 

31 

The  issuing  gas  again  had  a  strong  odour  of  chlorine,  and  none 
at  all  of  hypochlorous  acid. 
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Action  of  Carbon  Dioxide  on  a  Mixture  of  Sodium  Chloride  and 
Hypochlorite,  and  on  a  Mixture  of  Bromide  and  Hypohromite. 

The  mixture  of  sodium  chloride  and  hypochlorite  was  prepared 
by  passing  chlorine  into  a  moderately  concentrated  cold  solution  of 
sodium  hydroxide.  The  following  experiments  show  that  the  action 
is  exactly  the  same  as  with  a  solution  of  bleaching  powder : 

IV. 


Arsenite  oxidised. 

Chloride  produced. 

1. 

4-1 

4-12 

2. 

6-1 

6-13 

When  carbon  dioxide  is  passed  through  a  solution  containing  a 
mixture  of  a  bromide  and  a  hypobromite  there  is,  as  one  would 
naturally  expect,  an  immediate  and  copious  liberation  of  bromine. 

It  is  well  known  that  carbon  dioxide  acts  in  a  similar  way  on  a 
mixture  of  iodide  and  hypoiodite. 

It  appears,  from  the  foregoing  experiments,  that  the  action  of 
carbonic  acid  on  bleaching  powder  and  similar  substances  is  exactly 
like  that  of  any  other  acid.  There  has  been  much  discussion  as 
to  the  actual  constitution  of  dry  bleaching  powder,  but,  whatever 
that  constitution  may  be,  it  may  be  taken  that,  in  solution  or  in 
presence  of  water,  it  is,  to  all  intents  and  purposes,  a  mixture  of 
chloride  and  hypochlorite.  The  usual  explanation  of  the  action 
of,  say,  sulphuric  acid  (when  used  in  considerable  quantity)  on 
bleaching  powder  is  that  the  chloride  and  hypochlorite  are  both 
decomposed,  with  the  simultaneous  production  of  hydrochloric  and 
hypochlorous  acids,  and  that  these  decompose  each  other,  with  the 
liberation  of  chlorine.  The  question  is  whether  or  not  we  must 
seek  for  some  other  explanation  of  the  action  of  carbonic  acid. 
There  would  seem  to  be  no  doubt  that  the  action  of  carbonic  acid 
is  exactly  like  that  of  other  acids.  Of  course,  this  involves  the 
conclusion  that  calcium  chloride  (or  sodium  chloride,  for  example) 
is  decomposed,  when  in  solution,  by  carbonic  acid,  with  the  liberation 
of  hydrochloric  acid,  and  that,  therefore,  the  action  of  hydrochloric 
acid  on  carbonates  is  a  reversible  one : 

CaC03  +  2HCl  =;  CaCla  +  HgCOg. 
I  have  tried  to  obtain  some  experimental  evidence  that  this  is 
the  case,   and  not  altogether  without  success. 

Many  years  ago  Miiller  {Journ.  Ghent.  Soc,  1870,  23,  36)  stated 
that  a  solution  of  lead  chloride  is  decomposed  when  carbon  dioxide 
is  passed  through  it,  with  liberation  of  hydrochloric  acid  and  pre- 
cipitation of  a  chlorocarbonate,  and  that  some  of  the  liberated  acid 
could  actually  be  distilled  off.     He  also  stated  that  carbon  dioxide, 
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under  considerable  pressure,  would  decompose  sodium  and  calcium 
chlorides,  when  in  solution  in  water,  with  liberation  of  hydro- 
chloric acid.  He  used  ultramarine  as  an  indicator,  and  stated  that, 
whilst  carbon  dioxide  alone  does  not  decompose  ultramarine 
suspended  in  water,  even  under  considerable  pressure,  if  the  water 
contains  common  salt  dissolved  in  it  the  colour  of  the  ultramarine 
is  destroyed. 

I  am  unable  to  confirm  the  latter  observation.  Carbon  dioxide, 
when  bubbled  through  water  in  which  a  little  ultramarine  is 
suspended,  has  no  effect  on  it,  whether  the  water  contains  salt  or 
not.  Under  a  pressure  of  a  few  atmospheres,  however,  ultramarine 
is  decomposed  and  decolorised  by  carbonic  acid  alone,  and  I  have 
been  unable  to  observe  any  difference  in  the  action  when  the  water 
contained  salt  as  well.  The  experiments  I  made  were  performed 
in  an  ordinary  sparklet  apparatus,  in  which  the  pressure  attains 
five  or  six  atmospheres.  If  distilled  water  with  a  little  ultramarine 
suspended  in  it  is  placed  in  such  an  apparatus,  and  then  the  liquid 
charged  with  carbon  dioxide  in  the  usual  way,  there  is  no  immediate 
effect,  but,  in  the  course  of  a  day  or  two,  the  colour  of  the  ultrar 
marine  gradually  disappears.  As  stated  above,  the  presence  of 
salt  (or  of  calcium  chloride)  in  the  water  makes  no  apparent 
difference  in  the  result. 

Methyl-orange  is,  however,  a  much  more  delicate  indicator  for 
acids  than  ultramarine.  It  is  usually  assumed  that  the  former  is 
not  affected  by  carbonic  acid,  but  this  is  not  quite  correct.  If  well 
washed  carbon  dioxide  is  bubbled  through  distilled  water  containing 
a  little  methyl-orange,  there  is  a  distinct  alteration  of  the  colour, 
although  it  does  not  turn  pink.  If,  however,  the  water  contains 
also  a  little  pure  salt,  or  calcium  chloride,  or  potassium  chloride, 
the  colour  becomes  distinctly  pink  when  the  carbon  dioxide  is 
bubbled  through.  The  change  of  colour  is  most  striking  in  the  case 
of  the  common  salt,  but  it  is  quite  evident  with  the  other  chlorides. 
This  may  be  taken  as  evidence  that  carbonic  acid  liberates  a  sensible 
amount  of  hydrochloric  acid  in  solutions  of  chlorides,  that  is  to  say, 
the  action  of  hydrochloric  acid  on  carbonates  is  a  reversible  one. 
Of  course,  the  amount  of  hydrochloric  aci^  thus  liberated  must  be 
extremely  small,  but  it  will  be  quite  sufficient  to  explain  the  action 
of  carbonic  acid  on  bleaching  powder  and  similar  substances.  The 
small  amount  of  hydrochloric  acid  liberated  will  be  at  once  decom- 
posed by  the  hypochlorous  acid  liberated  simultaneously  from  the 
hypochlorite;  this  will  enable  the  action  of  the  carbonic  acid  to 
proceed  as  before,  and  so  there  will  be  a  continuous  evolution  of 
chlorine,  and,  if  this  is  carried  away  as  fast  as  it  is  formed,  the 
bleaching  powder  will  be  almost  completely  decomposed. 
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It  may  here  be  noted  that  if  carbon  dioxide  is  bubbled  through 
water  containing  potassium  bromide  or  ammonium  chloride  and 
coloured  with  methyl-orange,  the  change  of  colour  is  not  so  striking 
as  in  the  case  of  the  three  chlorides  mentioned  above.  Pure  water 
coloured  with  methyl-orange  becomes  quite  pink  when  charged  with 
carbon  dioxide  in  a  sparklet  apparatus. 

Von  Tiesenholt  (loc.  cit.)  explains  the  production  of  chlorine  when 
carbon  dioxide  acts  on  bleaching  powder  by  supposing  that  hypo- 
chlorous  acid  is  first  formed  by  the  action  of  the  carbon  dioxide  on 
the  hypochlorite  present,  and  that  this  acts  on  the  calcium  chloride, 
liberating  chlorine : 

CaClg  4-  2H0C1  =  Ca(0H)2  -f-  2CI2. 

He  finds,  in  confirmation  of  this  view,  that  chlorine  is  liberated 
when  a  solution  of  hypochlorous  acid  is  added  to  calcium  chloride 
or  to  common  salt.  The  experiments  here  described,  however,  show 
that  nothing  but  chlorine  is  produced  by  the  action  of  carbonic 
acid  on  bleaching  powder,  so  that  all  the  hypochlorous  acid  which 
is  liberated  must  be  decomposed.  Apparently,  if  von  Tiesenholt's 
view  is  right,  hypochlorous  acid  cannot  exist  in  the  presence  of  a 
sufficient  amount  of  a  chloride,  so  that  it  would  be  impossible  to 
expel  any  hypochlorous  acid  from  a  solution  which  contains 
chlorides.  As  will  be  seen  later,  however,  mixtures  of  chlorine 
and  hypochlorous  acid  containing  a  considerable  proportion  of 
the  latter  can  be  expelled  from  solutions  of  bleaching  powder. 
Consequently,  whilst  it  is  possible  that  the  action  of  hypochlorous 
acid  on  chlorides  may  account  for  some  of  the  chlorine  which  is 
produced  in  the  case  of  concentrated  solutions  or  the  merely  moist 
bleaching  powder  for  example,  von  Tiesenholt's  explanation  would 
not  appear  to  be  preferable  to  the  one  offered  above. 

The  Action  of  Air  on  Bleaching  Powder. 

Although  this  was  not  the  order  in  which  the  experiments  were 
actually  tried,  it  will  be  best  to  describe  first  the  effect  of  air  from 
which  all  the  carbon  dioxide  has  been  removed.  This  was  done  by 
passing  the  air  through  washing  cylinders  containing  coke  wet  with 
a  concentrated  solution  of  sodium  hydroxide.  It  was  then  bubbled 
through  a  milky  solution  of  bleaching  powder  (about  5  to  10  per 
cent.),  and  afterwards  through  the  solution  of  sodium  arsenite. 

In  all  the  experiments  with  air,  it  was  passed  through  at  a  rate 
of  about  10  to  15  litres  per  hour. 

Air  free  from  carbon  dioxide  is  practically  inert  so  far  as  bleach- 
ing powder  is  concerned,  and  naturally  all  that  it  can  do  is  to 
sweep  out  any  chlorine  or  hypochlorous  acid  which  may  happen  to 
be  present.     Consequently,  the  action  is  very  slow,  and  the  experi- 
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ments  had  to  be  carried  on  for  a  long  time  (from  seventy-two  to 
ninety-six  hours)  in  order  to  obtain  sufficient  oxidising  action  in 
the  solution  of  arsenite  to  be  able  to  judge  what  was  being  carried 
over.  The  following  results  were  obtained  in  three  separate 
experiments : 

V. 


Arsenite 
oxidised. 

Chloride 
produced. 

Hypochlorous 

acid, 

per  cent. 

Chlorine, 
\ieT  cent. 

1. 

2. 
3. 

1-08 

1-0 

0-8 

0-57 
0-45 
0-38 

90 
100 
100 

10 
0 
0 

The  amount  of  oxidation  in  these  experiments  was  very  little, 
but  they  appear  to  show  that  a  small  amount  of  free  hypochlorous 
acid  exists  in  a  solution  of  bleaching  powder,  which  is  simply 
swept  out  by  the  passage  of  air  free  from  carbon  dioxide  through 
it.  Probably  the  free  hypochlorous  acid  is  due  to  the  calcium 
hypochlorite  in  a  dilute  solution  being  slightly  hydrolysed,  thus  : 
Ca(OCl)2-l-2H.p  =^  Ca^OH)2-h2HOCl. 

This  possibly  accounts  for  the  fact  that  solutions  of  bleaching 
powder  have  an  odour  of  hypochlorous  acid. 

One  similar  experiment  to  the  above  was  made  in  which  the 
solution  of  bleaching  powder  was  kept  at  a  temperature  of  about 
40°  the  whole  of  the  time.  In  this  experiment,  also,  practically 
nothing  but  hypochlorous  acid  was  swept  out,  the  only  difference 
being  that,  as  one  would  expect,  the  time  required  was  rather  less. 

Action  of  Ordinary  Air  on  Bleaching  Powder. 

A  considerable  number  of  experiments  were  made  with  ordinary 
air,  passing  it  through  a  tube  containing  dry  bleaching  powder,  and 
then  through  the  solution  of  arsenite.  At  first  the  action  is  rather 
slow,  but,  as  the  bleaching  powder  gradually  becomes  wet,  the 
action  proceeds  more  and  more  rapidly.  In  some  of  the  experi- 
ments the  moisture  of  the  air  was  purposely  increased  by  passing  it 
through  a  tube  containing  wet  glass  wool.  In  each  of  the  two 
following  series  of  experiments  the  same  tube  of  bleaching  powder 
was  used  throughout.  The  time  occupied  by  each  experiment  varied 
from  about  twenty-four  hours  at  the  beginning  to  six  hours  when 
the  bleaching  powder  had  become  wet : 
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VI. 

Series 

1. 

Hypochlorous 

Arsenite 

Chloride 

acid, 

Chlorine, 

oxidised. 

produced. 

per  cent. 

per  cent. 

1. 

4-45 

4-0 

11 

89 

2. 

2-9 

2-56 

13 

87 

3. 

2-55 

2-3 

10 

90 

4. 

7-0 

6-95 

0 

100 

5. 

7-9 

7-95 
Series 

2. 

0 

100 

1. 

2-1 

1-83 

15 

85 

2. 

3-35 

3-1 

8 

92 

3. 

6-0 

6-05 

0 

100 

The  above  experiments  are  selected  from  a  considerable  number, 
and  they  all  tend  to  show  that,  at  the  outset,  ordinary  air  sweeps 
out  from  bleaching  powder  a  mixture  containing  from  80  to  90  per 
cent,  of  chlorine,  and  from  10  to  20  per  cent,  of  hypochlorous  acid, 
but  that,  as  the  action  proceeds,  the  amount  of  hypochlorous  acid 
gradually  diminishes,  and  at  last  nothing  but  chlorine  appears. 
The  gradation  of  the  experiments  is  not  the  same  in  the  two  series, 
but  that  is  partly  due  to  the  fact  that  some  intermediate  experiments 
in  both  series  were  spoiled  by  going  on  too  long. 

When  ordinary  air  is  passed  through  a  solution  of  bleaching 
powder  (not  filtered,  and  containing  about  5  to  10  per  cent,  of  the 
powder),  the  proportion  of  hypochlorous  acid  swept  out  is  consider- 
ably greater,  as  indeed  one  would  expect  if  we  accept  the  suggestion 
that  the  hypochlorous  acid  is  due  to  hydrolysis  of  the  calcium 
hypochlorite.  As  in  the  case  of  the  dry  powder,  however,  the 
amount  of  hypochlorous  acid  gradually  diminishes  as  the  experiment 
proceeds,  although  it  does  not  disappear  altogether.  The  following 
experiments  were  made  with  the  same  solution  of  bleaching  powder, 
in  the  order  in  which  they  are  given.  In  experiment  No.  4,  the 
proportion  of  hypochlorous  acid  appears  to  have  risen  slightly,  but 
the  method  of  determining  it  is  not  accurate  enough  to  enable  one 
to  say  that  the  amounts  in  experiments  3  and  4  were  not  sub- 
stantially the  same.  The  action  was  very  slow  in  the  first  experi- 
ment, but  much  more  rapid  afterwards: 

VII. 

Hypochlorous 

Arsenite             Chloride  acid.  Chlorine, 

oxidised.             produced.  per  cent.  per  cent. 

1.  4-48                      2-94  52                              48 

2.  •       9-15                     7-27  25                            76 

3.  318                     2-88  10                            90 

4.  3-34                     2-87  16                            84 
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It  must  be  pointed  out  that  the  above  niunbers,  showing  the 
relative  amounts  of  hypochlorous  acid  and  chlorine  swept  out  of 
the  liquid  by  the  air,  do  not  necessarily  represent  the  actual  pro- 
portions present  at  any  moment  in  the  liquid  itself.  There  is  no 
doubt  that  chlorine,  being  less  soluble  in  water  than  hypochlorous 
acid,  will  be  swept  out  more  readily,  so  that  the  proportion  of 
hypochlorous  acid  actually  present  in  the  liquid  is  certainly  greater 
than  the  above  numbers  indicate. 

These  results,  showing  the  action  of  ordinary  air  on  bleaching 
powder,  are  very  remarkable.  The  difference  between  the  action 
of  ordinary  air  and  air  from  which  the  carbon  dioxide  has  been 
removed  is,  at  first  sight,  almost  incredible.  Whereas  the  latter 
simply  sweeps  out  from  a  solution  of  bleaching  powder  (although 
very  slowly)  practically  pure  hypochlorous  acid,  the  presence  of  the 
really  very  small  amount  of  carbon  dioxide  which  usually  exists 
in  ordinary  air  causes  the  action  to  proceed  much  more  rapidly 
(although  not  with  anything  like  the  rapidity  with  which  pure 
carbon  dioxide  acts),  and,  after  a  time,  has  almost  the  same  effect, 
so  far  as  the  product  is  concerned,  as  passing  pure  carbon  dioxide 
through  it. 

I  have  already  expressed  the  opinion  that  the  action  of  pure 
moist  carbon  dioxide  on  bleaching  powder  is  the  same  as  that  of 
other  acids — it  is  a  mass  action,  and  the  carbonic  acid  decomposes 
both  the  chloride  and  the  hypochlorite.  Whilst  one  may  accept 
this  explanation  in  the  case  of  pure  carbon  dioxide  used  in  com- 
paratively large  quantities,  and  always  locally  in  large  excess,  it  is 
impossible  to  believe  that  the  small  amount  of  carbon  dioxide  present 
in  ordinary  air  can  act  in  the  same  way.  We  must  therefore  look 
for  some  other  explanation. 

The  Action  of  Chlorine  on  Alkalis  a  Reversible  Action. 

In  former  papers  {Mem.  Manchester  Phil.  Soc,  1897,  41,  No, 
VIII;  Trans.,  1900,  77,  725)  1  have  pointed  out  that  the  action 
of  iodine  on  alkalis  is  a  reversible  one.  If  an  alkali  is  added  to  a 
solution  of  iodine  in  water  or  in  potassium  iodide  until  the  colour 
just  disappears,  the  addition  of  potassium  iodide  to  the  solution 
causes  the  liberation  of  some  of  the  iodine : 

2KOH-fl2  ^  KI  +  KOI-i-HjO. 

The  addition  of  the  extra  amount  of  potassium  iodide  causes  the 
reaction  to  proceed  from  right  to  left  in  the  above  expression. 
Also,  and  this,  too,  follows  from  the  fact  that  the  action  is  reversible, 
the  amount  of  alkali  needed  to  complete  the  reaction  from  left  to 
right  and  to  remove  the  colour  of  the  iodine  is  considerably  more 
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than  is  required  by  the  equation,  so  that  the  almost  colourless 
solution  of  iodide  and  hypoiodite  always  contains  some  free  alkali. 

When  these  experiments  were  made,  similar  ones  were  also 
performed  with  bromine  and  alkalis,  but  analogous  results  were 
not  obtained.  The  reason  of  this  must  have  been  that  too  strong 
a  solution  of  bromine  was  used,  because  I  find  that  the  reversibility 
of  the  action  of  bromine  on  alkalis  is  quite  as  striking  as  that  of 
iodine  if  a  very  dilute  solution  of  bromine  is  employed.  The  action 
is  not  nearly  so  easy  to  see  with  ordinary  bromine  water,  but  if 
this  is  diluted  with  ten  to  twenty  times  its  bulk  of  water,  and  then 
sodium  or  potassium  hydroxide  added  drop  by  drop  until  the  colour 
of  the  bromine  has  disappeared,  the  addition  of  a  little  concentrated 
solution  of  potassium  bromide  causes  a  manifest  liberation  of 
bromine.  The  liberation  of  bromine  is  seen  still  more  plainly  if, 
instead  of  the  solution  of  potassium  bromide,  a  considerable  amount 
of  the  powdered  salt  is  added.  The  addition  of  the  extra  potassium 
bromide  causes  the  action  to  proceed  from  right  to  left : 

2KOH  +  Br2  ===  KBr  +  KOBr  +  H^O. 

It  is  perfectly  reasonable  to  suppose,  then,  that  the  action  of 
chlorine  on  alkalis  is  also  a  reversible  action.  This  has  already 
been  suggested  by  von  Tiesenholt  (loc.  cit.),  who  describes  a  number 
of  experiments  which  point  to  this  conclusion.  I  have  been  able 
to  demonstrate,  by  experiments  which  are  described  later,  that  this 
conclusion  is  correct,  and  it  will  be  seen  that  it  supplies  a  perfectly 
satisfactory  explanation  of  the  action  of  ordinary  air  on  bleaching 
powder,  and  that  it  also  explains  some  well-known  facts  with  regard 
to  some  bleaching  solutions  which  have  been  hitherto  apparently 
inexplicable. 

If  we  represent  the  action  of  chlorine  on  sodium  hydroxide  and 
on  slaked  lime  thus : 

2NaOH  +  Cl2  ^  NaCl  +  NaOCl  +  H2O 
and 

2Ca(OH)2  +  2CI2  ^  CaCl2  +  Ca(OCl)2  +  2H,0.» 

it  is  plain  that  the  chlorides  produced  by  the  action  are  continually 
tending  to  reverse  the  reaction,  so  that,  to  carry  it  to  a  finish  from 
left  to  right,  there  must  always  be  a  considerable  amount  of  free 
sodium  hydroxide  or  lime  present.  It  is  a  well-known  fact  that 
bleaching  powder  always  contains  a  considerable  amount  of  free 
lime,  and  that  it  is  impossible  to  prepare  it  otherwise.  If  this  free 
lime,  or  a  portion  of  it,  is  removed,  then  the  reaction  will  proceed 

*  It  la  not  suggested  that  this  equation  represents  what  actually  occurs  in  the 
manufacture  of  bleaching  powder,  but  simply  the  condition  of  equilibrium  in  whicli 
it  exists  when  wet  or  in  solution. 
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in  the  opposite  direction  to  a  greater  or  less  extent,  and  chlorine 
will  be  liberated. 

A  number  of  experiments  were  made  to  test  this  point.  A  filtered 
solution  of  bleaching  powder  was  employed,  having  a  specific 
gravity  of  1'03  to  1'06  in  different  experiments.  In  order  to  remove 
some  of  the  free  lime,  the  solution  was  exposed  to  air  for  some 
hours  in  a  shallow  dish,  with  occasional  shaking.  The  amount  of 
free  lime  present  in  such  a  solution  is  considerable,  and  the  latter 
becomes  very  milky  on  exposure  to  air.  The  liquid  was  filtered 
from  the  precipitated  calcium  carbonate,  and  air  free  from  carbon 
dioxide  was  passed  through  it  and  into  the  arsenite  solution  in 
the  usual  way.     The  following  are  some  of  the  results  obtained : 

vin. 


Hypochlorons 

Arsenite 

CMoride 

acid. 

Chlorine, 

oxidised. 

produced. 

per  cent. 

per  cent. 

1. 

4  0 

316 

26 

74 

2. 

3-8 

3  0 

27 

73 

3. 

2-6 

1-8 

44 

56 

4. 

5-92 

515 

15 

85 

5. 

4-35 

4  04 

8 

92 

6. 

2-27 

1-52 

50 

50 

Most  of  the  separate  experiments  were  made  with  different 
portions  of  the  solution,  which  had  been  exposed  to  air  for  different 
lengths  of  time,  so  that  the  extent  to  which  the  free  lime  was 
removed  varied.  Doubtless  this  accounts  for  the  irregularity  in 
the  results.  In  all  the  above  experiments  the  action  was  much 
more  rapid  than  was  the  case  with  the  solution  from  which  none 
of  the  free  lime  had  been  removed,  the  rapidity  evidently  depending 
on  the  extent  to  which  this  removal  had  been  carried.  It  will  be 
noted  that  besides  the  large  quantities  of  free  chlorine  produced, 
in  most  of  the  experiments  the  amount  of  hypochlorous  acid  swept 
out  from  the  liquid  was  very  much  greater  than  was  the  case  with 
the  solution  from  which  no  free  lime  had  been  removed.  This  is 
quite  what  one  would  expect  to  occur.  The  hypochlorous  acid,  as 
before  stated,  is  probably  due  to  hydrolysis  of  the  calcium  hypo- 
chlorite in  the  solution.  This  also  is  a  reversible  action,  and  as 
one  of  the  products  of  the  hydrolysis  is  free  lime,  the  removal  of 
the  lime  naturally  stimulates  this  action  as  well. 

These  experiments  demonstrate  quite  sufficiently  the  reversibility 
of  the  reaction  betwen  chlorine  and  calcium  hydroxide.  As  the 
free  lime  is  more  or  less  removed,  the  reaction  proceeds  in  the 
opposite  direction,  and  chlorine  is  liberated.  In  these  experiments 
the  free  chlorine  is  swept  out  of  the  solution,  but  it  is  continually 
being  reproduced,  the  steady  removal  of  the  chlorine  allowing  the 
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reverse  action  to  take  place  continuously.  If  the  free  chlorine  were 
removed  from  the  solution  in  any  other  way,  by  bleaching,  for 
example,  it  would  in  the  same  way  be  continually  reproduced  as 
long  as  any  of  the  bleaching  substance  remained.  It  follows  from 
this,  of  course,  that  the  bleaching  action  of  a  solution  of  bleaching 
powder  will  be  stimulated  by  the  removal  of  free  lime  from  the 
solution.     This  will  be  referred  to  again  later. 

The  action  of  ordinary  moist  air  on  bleaching  powder,  both  solid 
and  in  solution,  described  on  p.  2548,  is  now  perfectly  intelligible. 
The  carbon  dioxide  in  the  air  combines  with  the  free  lime,  and,  as 
this  gradually  diminishes  and  finally  practically  disappears,  the 
reverse  action  proceeds  freely,  and,  of  course,  chlorine  is  produced.* 

It  is  usually  understood,  and  has  been  frequently  stated,  that  a 
pure  solution  of  hypochlorous  acid  bleaches  more  energetically  and 
more  rapidly  than  free  chlorine.  It  may  be  doubted  whether  this 
is  really  the  case.  I  have  prepared  practically  pure  solutions  of 
hypochlorous  acid,  and  compared  its  action  with  that  of  a  solution 
of  chlorine  on  various  colouring  matters,  and  I  have  failed  to  find 
any  evidence  of  the  greater  activity  of  hypochlorous  acid.  Rather 
the  contrary.  With  a  solution  of  indigo-carmine,  for  example,  the 
bleaching  action  of  chlorine  is  much  more  rapid  than  that  of 
hypochlorous  acid — in  the  case  of  the  latter  the  action  is  to  be 
described  as  sluggish,  rather  than  rapid.  This  is  an  important 
point,  because  I  am  strongly  of  opinion  that  in  the  use  of  solutions 
of  bleaching  powder  and  similar  substances  for  bleaching  purposes, 
most  of  the  actions  generally  attributed  to  hypochlorous  acid  are 
really  due  to  chlorine,  and  that,  in  practice,  hypochlorous  acid  plays 
only  a  minor  part  in  bleaching. 

It  is  remarkable  how  the  bleaching  action  of  a  solution  of 
bleaching  powder  is  stimulated  by  the  mere  removal  of  the  free 
lime  in  it.  If  a  strip  of  Turkey-red  calico  is  placed  in  a  clear 
solution  of  bleaching  powder  so  that  it  is  completely  immersed  in 
the  liquid,  and  if  the  liquid  is  kept  in  a  closed  vessel  so  that  air 
has  no  access  to  it,  there  is  scarcely  any  bleaching  action  at  all, 
even  after  several  days.     If,  however,  the  solution  is  placed  in  a 

*  It  may  be  asked  if  the  removal  of  free  lime  by  carbon  dioxide  is  a  satisfactory 
explanation  of  the  fact  that  ordinary  air  expels  chlorine  from  bleaching  powder, 
would  not  this  also  explain  the  action  of  pure  carbon  dioxide  on  bleaching  powder, 
so  that  there  would  be  no  need  to  assume,  as  is  done  in  the  first  part  of  this  paper, 
that  carbonic  acid  decomposes  chlorides  with  the  liberation  of  hydrochloric  acid  ? 
The  author  adheres  to  tlie  latter  explanation  simply  because  the  action  of  carbon 
dioxide  is  so  much  more  rapid  than  tliat  of  air.  A  stream  of  carbon  dioxide  through 
a  solution  of  bleaching  powder  liberates  chlorine  from  ten  to  twenty  times  more , 
rapidly  than  air  at  its  quickest,  and  the  action  altogether  suggests  a  rajnd  and ! 
complete  decomi)osition,  sucli  as  is  effected  by  other  acids,  ratlier  tlian  the  mere 
sweeping  out  of  chlorine  produced  by  the  reversed  action. 
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basin  or  a  shallow  dish,  so  that  air  has  free  access,  and  if  a  small 
portion  of  the  red  calico  is  left  outside  the  liquid,  so  that  it  is 
reached  by  the  solution  and  the  air  at  the  same  time,  the  portion 
outside  is  bleached  quite  rapidly.  Further,  if  the  coloured  calico 
is  completely  immersed  in  a  little  of  the  solution  contained,  say, 
in  a  deep  test-tube,  and  the  testrtube  is  breathed  into  about  half 
a  dozen  times,  shaking  after  each  time,  the  calico  is  very  soon 
bleached.  Also,  whilst,  as  stated  above,  a  fresh  solution  of  bleach- 
ing powder  has  very  little,-  if  any,  bleaching  action  on  a  piece  of 
red  calico  completely  immersed  in  it,  if  the  solution  has  been  exposed 
to  air  in  a  shallow  dish  for  a  few  hours,  with  occasional  shaking, 
then  a  piece  of  red  calico  completely  immersed  in  it  is  bleached 
rapidly. 

A  simple  but  very  striking  experiment  which  illustrates  the  same 
point  is  to  immerse  a  strip  of  ordinary  red  litmus  paper  in  a  fresh 
solution  of  bleaching  powder.  The  paper  is  turned  blue,  and  in  a 
short  time  it  is  bleached.  If,  however,  immediately  after  it  has 
been  dipped  in  the  solution,  it  is  breathed  upon,  it  is  bleached 
almost  instantly.  A  solution  of  bleaching  powder  which  has  been 
well  exposed  to  air,  as  described  above,  bleaches  litmus  paper  at 
once. 

In  all  these  cases  the  more  rapid  bleaching  action  is  simply  due 
to  the  removal  of  free  lime,  and  I  think  it  is  plain,  also,  if  reference 
is  made  to  the  experiments,  series  VIII,  on  p.  2551,  that  the 
principal  bleaching  agent  is  chlorine,  and  not  hypochlorous  acid. 
Certainly  those  experiments  show  that  in  some  cases  a  considerable 
proportion  of  hypochlorous  acid  is  swept  out,  but  in  all  cases  the 
rapidity  of  the  bleaching  action  is  roughly  proportional  to  the 
extent  to  which  the  free  lime  is  removed,  and  the  more  com- 
pletely that  is  done  the  greater  is  the  proportion  of  chlorine 
liberated. 

It  is  a  fact,  well  known  in  bleach-works,  that  an  old  vat  is  more 
active  than  a  new  one.  The  reason  for  this  is  obvious.  Exposure 
to  air,  especially  if  the  liquid  is  frequently  stirred,  gradually  causes 
the  removal  of  the  free  lime. 

If  the  action  of  chlorine  on  lime  is,  as  I  think  the  above  experi- 
ments sufficiently  demonstrate,  a  reversible  action,  then  the  reverse 
action  must  be  stimulated  by  the  addition  of  calcium  chloride  to  the 
solution.  Experiments  were  made  to  see  if  this  is  the  case.  After 
experiment  No.  2  (series  VIII)  on  p.  2551  was  finished,  a  consider- 
able amount  of  crystallised  calcium  chloride  was  added  to  the  same 
solution  of  bleaching  powder  and  air  free  from  carbon  dioxide 
passed  through  it  again.  The  action  became  considerably  more 
rapid,  and  the  effect  of  the  calcium  chloride  is  seen  by  a  comparison 


2554  TAYLOR  :   RESEARCHES   ON   BLEACHING   POWDER. 

of  the  two  experiments.     No.  1  was  before,  No.  2  after,  the  addition 
of  the  calcium  chloride. 

IX. 


Hypochlorous 

Arsenite 

Chloride 

acid, 

Chlorine, 

oxidised. 

produced. 

per  cent. 

per  cent. 

1. 

3-8 

3-0 

27 

73 

2. 

475 

473 

0 

100 

The  solution  used  in  experiment  No.  6  (series  VIII)  was  treated 
in  the  same  way  with  the  following  result : 


Hypochlorous 

Arsenite 

Chloride 

acid, 

Chlorine, 

oxidised. 

produced. 

per  cent. 

per  cent. 

1. 

2-27 

1-52 

50 

50 

2. 

5-4 

4-92 

10 

90 

These  experiments  show  plainly  that,  as  anticipated,  the  reverse 
action  is  greatly  increased  by  the  addition  of  more  calcium  chloride. 

Other  chlorides,  of  course,  ought  to  have  a  similar  effect.  The 
following  experiments  show  the  effect  of  adding  common  salt  to  the 
solution.  As  before,  the  greater  part  of  the  free  lime  in  the 
solution  was  removed  by  exposing  it  to  air.  Experiments  1  and  2 
were  successive  experiments  before  the  addition  of  the  salt,  and 
No.  3  shows  the  effect  of  the  salt.  The  salt  was  added  in  con- 
siderable quantity — almost  sufficient  to  saturate  the  solution. 

X. 


Hypochlorous 

Arsenite 

Chloride 

acid. 

Chlorine, 

oxidised. 

produced. 

per  cent. 

per  cent. 

1. 

175 

1-4 

25 

75 

2. 

6-25 

4-1 

28 

72 

3. 

6-53 

6-55 

0 

100* 

The  addition  of  the  salt  in  the  above  experiment  caused  the 
action  to  proceed  much  more  rapidly.  Thus,  whilst  in  experiment 
No.  2  it  took  twenty  hours  to  oxidise  5'25  c.c.  of  the  arsenite 
solution,  in  experiment  No.  3,  6'53  c.c.  were  oxidised  in  four  hours, 
the  carbon  dioxide-free  air  passing  through  at  approximately  the 
same  rate  in  both  experiments. 

*  The  apparently  complete  disappearance  of  hypochlorous  acid  indicated  in 
experiments  2  (IX)  and  3  (X)  is  very  remarkable,  and  seems  difficult  to  explain. 
It  is  not  claimed,  however,  that  the  method  used  for  determining  the  relative 
amounts  of  chlorine  and  hypochlorous  acid  is  perfectly  accurate.  It  is  doubtful 
whether  it  would  be  possible  to  determine  very  small  proportions  of  hypochlorous, 
acid  by  it.  It  must  also  be  borne  in  mind  (see  p.  2549)  tliat  chlorine  is  more  J 
easily  swe])t  out  from  the  solution  than  hy])ochlorous  acid,  so  that  it  is  possible  that 
ihe  latter  does  not  altogether  disappear.  Possibly,  also,  von  Tiesenholt's  explanation 
(see  p.  2546)  may  apply  here,  and  the  hypochlorous  acid  may  be  all  decomposed  by 
the  large  quantities  of  chlorides  present  in  the  solution. 
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Experiments  were  also  made  to  see  the  effect  of  the  addition  of 
calcium  chloride  and  salt  to  an  ordinary  solution  of  bleaching 
powder,  without  removing  any  of  the  free  lime.  The  free  lime  in 
the  solution,  of  course,  tends  to  stop  the  reverse  action,  so  that  the 
effect  of  adding  calcium  chloride  or  salt  to  the  solution  is  not  nearly 
so  great  as  when  the  free  lime  is  first  removed.  The  following  is 
the  result  of  the  two  experiments  tried. 

To  No.  1  calcium  chloride  was  added,  and  to  No.  2  common  salt 
— both  in  large  quantity.  The  action  proceeded  very  slowly  indeed 
in  both  experiments,  but  the  results  are  sufficient  to  show  that, 
even  in  ordinary  bleaching  powder  solution,  the  addition  of  chlorides 
has  a  sensible  effect  in  reversing  the  action : 


Hjrpochlorous 

Arsenite 

Chloride 

acid, 

Chlorine, 

oxidised. 

produced. 

per  cent. 

per  cent. 

1. 

2-24 

2-22 

0 

100 

2. 

2-66 

2-4 

10 

90 

It  follows  from  the  above  experiments  that  the  addition  of 
calcium  chloride  or  salt  to  a  solution  of  bleaching  powder  must 
exercise  a  stimulating  effect  on  the  bleaching  action  of  the  solution. 
This  is  actually  the  case.  If  some  of  the  free  lime  has  been  removed 
from  the  solution,  the  effect  of  the  addition  of  considerable  amounts 
of  calcium  chloride  or  salt  on  the  bleaching  action  is  very  striking. 
With  bleaching  powder  solution  in  its  ordinary  state,  containing  the 
usual  amount  of  free  lime,  the  effect  on  its  bleaching  action  of 
adding  calcium  chloride  or  salt  is,  for  the  reason  pointed  out  above, 
not  nearly  so  great,  although  it  is  quite  sufficiently  marked. 

I  understand  that  it  has  been  found,  in  actual  bleaching,  that 
the  addition  of  either  calcium  chloride  or  salt  stimulates  the  action, 
but  I  am  not  aware  that  any  satisfactory  explanation  of  this 
stimulating  effect  has  hitherto  been  given.  It  may  perhaps  be  worth 
the  while  of  practical  bleachers  to  note  that  the  addition  of  calcium 
chloride  or  salt  has  a  much  greater  effect  when  some  of  the  free 
lime  has  been  removed — by  exposing  the  solution  to  air,  for 
example. 

Bleaching  solutions  made  by  the  electrolysis  of  a  solution  of  salt 
have  latterly  come  into  considerable  use^  and  I  understand  that 
the  fact  has  been  frequently  noted  that  a  solution  of  sodium 
hypochlorite  thus  prepared  is  more  active  than  a  solution  of  sodium 
hypochlorite,  containing  the  same  proportion  of  available  chlorine, 
prepared  by  the  addition  of  sodium  carbonate  to  a  solution  of 
bleaching  powder  and  allowing  the  precipitated  calcium  carbonate 
to  settle.  The  explanation  of  this  is  obvious  when  it  is  understood 
that,  in  preparing  the  electrolytic  bleaching  solution,  only  a  small 
fraction  of  the  salt  in  the  solution   is  usually  decomposed.     The 
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solution  thus  differs  from  that  made  by  the  other  method  by  con- 
taining a  large  amount  of  salt,  and  the  effect  of  this  is  to  increase 
the  reverse  action  and  so  to  liberate  chlorine  in  the  solution.  Also, 
in  the  electrolysis  of  the  salt,  chlorine  and  sodium  hydroxide  are 
produced  in  exactly  equivalent  proportions,  so  that  there  cannot 
be  a  sufficient  amount  of  the  latter  to  absorb  the  whole  of  the 
chlorine.  Under  these  conditions,  the  reversing  action  of  the  excess 
of  salt  will  naturally  be  very  considerable.  The  greater  bleaching 
activity  of  such  a  solution  is  therefore  perfectly  natural,  and  exactly 
what  one  would  expect. 

In  addition  to  the  experiments  described  in  this  paper,  I  have 
used  my  method  for  distinguishing  betwen  hypochlorous  acid  and 
free  chlorine  for  investigating  the  action  of  various  acids  on  bleach- 
ing powder  and  similar  substances.  This  investigation  is  still 
proceeding. 

Summary.  • 

1.  The  action  of  carbon  dioxide  on  bleaching  powder  and  similar 
substances  results  in  the  liberation  of  chlorine  only — no  hypochlorous 
acid.  The  conclusion  is  drawn  that  the  action  is  like  that  of  any 
other  acid,  and  that  carbonic  acid  decomposes  both  the  chloride  and 
the  hypochlorite  in  the  bleaching  powder.  It  follows  from  this 
that  the  action  of  hydrochloric  acid  on  carbonates  is  a  reversible 
one. 

2.  Ordinary  moist  air  acts  on  solid  bleaching  powder,  liberating  at 
first  both  chlorine  and  hypochlorous  acid,  the  former  in  much 
the  larger  amount.  After  a  time  nothing  but  chlorine  is  produced. 
When  ordinary  air  is  passed  through  a  solution  of  bleaching  powder, 
a  mixture  of  hypochlorous  acid  and  chlorine  is  swept  out,  at  first 
in  about  equal  amounts ;  but,  as  the  experiment  proceeds,  the  former 
diminishes,  and  the  latter  increases  to  about  90  per  cent. 

3.  The  action  of  chlorine  on  alkalis,  like  that  of  iodine  and 
bromine,  is  a  reversible  one,  as  stated  by  von  Tiesenholt.  If  the  free 
lime  in  bleaching  powder  is  removed,  this  causes  the  reverse  action 
to  proceed,  and  thus  chlorine  is  liberated.  This  explains  the  action 
of  ordinary  air  on  bleaching  powder.  The  reversibility  of  the  action 
also  explains  the  stimulating  effect  on  bleaching  which  the  addition 
of  calcium  chloride  or  of  salt  causes  in  a  solution  of  bleaching 
powder. 

4.  In  the  ordinary  processes  of  bleaching  the  active  bleaching 
agent  is  probably  free  chlorine,  hypochlorous  acid  playing  only  a 
minor  part. 

Municipal  School  of  TEOHNOLOoy, 
Manchestbe. 
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CCLXI. — The  Colour  and  Constitution  of  Diazonium 
Salts.  Part  III.  The  Diazo-derivatives  of  2:7- 
Naphthylenediamine. 

By  Gilbert  T.  Morgan  and  Frances  M.  G.  Micklethwait, 

Although  the  diazo-derivatives  of  the  diamines  of  the  benzene  and 
diphenyl  series  have  been  extensively  studied,  owing  largely  to  the 
circumstance  that  in  many  instances  these  products  are  of  consider- 
able industrial  importance,  yet  comparatively  little  attention  has 
been  directed  to  the  diazonium  salts  of  the  naphthylenediamines. 
Of  the  ten  naphthylenediamines,  three,  namely,  the  1:2-,  2 :  3-, 
and  1 :  8-compounds.  are  known  to  yield  cyclic  diazoimines  (De 
Aguiar,  Ber.,  1874,  7,  316;  Friedlander  and  von  Zakrzewski,  Ber., 
1894,  27,  764;  Morgan  and  Godden,  this  vol.,  p,  1707);  the  remain- 
ing seven  give  diazonium  salts  of  varying  degrees  of  stability  (Ewer 
and  Pick,  D.R.-P.  45549,  45788;  Badische  Anilin-  &  Soda-Fabrik, 
D.R.-P.  130475). 

The  case  of  2 :  7-naphthylenediamine  has  recently  been  examined 
by  Kaufler  in  connexion  with  his  theory  of  the  stereochemical 
configuration  of  naphthalene  and  other  polynuclear  hydrocarbons. 
According  to  Kaufler,  the  two  nuclei  present  in  naphthalene  are 
bent  round,  using  their  two  common  carbon  atoms  as  axis,  so  that 
the  lateral  extremities  of  the  molecule  represented  by  the  positions 
2 :  3  and  6 :  7  become  contiguous.  This  supposed  folding  of  the 
two  nuclei  would  bring  the  two  amino-groups  of  2  :  7-naphthylene- 
diamine into  close  proximity,  and  Kaufler  claims  that  the  intimate 
association  of  these  two  groups  is  manifested  by  certain  phenomena 
of  steric  hindrance  which  are  advanced  in  support  of  his 
hypothesis*  {Annalen,  1907,  351,  154;  Ber.,  1907,  40,  3251). 

It  is  asserted  that  the  amino-groups  of  2  :  7-naphthylenediamine 
exert  a  mutual  inhibiting  influence  on  each  other,  with  the  result 
that  only  one  amino-group  is  diazotisable.  In  diazotising  the  hydro- 
bromide  or  the  hydrochloride  of  the  diamine,  Kaufler  and  Karrer 
worked  in  acetic  acid  or  alcoholic  solution,  and  found  that  even 

*  It  may  be  pointed  out  that  Kauflcr's  view  is  at  variance  with  the  ideas 
embodied  in  the  Kekulc^-Baeyer  conception  of  the  naphthalene  molecule  based  on  the 
tetrahedral  carbon  atom  and  the  strain  hypothesis,  and  also  with  the  naphthalene 
model  advocated  by  Pope  and  Barlow  on  crystallographic  grounds.  These  con- 
ceptions, which  may  be  termed  respectively  the  functional  and  structural  repre- 
sentations of  naphthalene,  although  differing  in  many  respects,  concur  in  placing 
the  2  :  3-  and  6  :  T-positions,  not  in  contiguity,  but  at  the  lateral  extremities  of  the 
molecule. 
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with  excess  of  amyl  nitrite  only  the  monodiazonium  salt  was  pre- 
cipitated {Ber.,  1907,  40,  3263). 

This  result  is  dependent,  however,  not  on  steric  hindrance,  but 
on  experimental  conditions.  By  operating  with  sodium  nitrite  or 
nitrosyl  sulphate  in  moderately  concentrated  sulphuric  acid,  the 
authors  have  succeeded  in  diazotising  completely  both  the  amino- 
groups  of  the  diamine.  Probably  the  diazotisation  occurs  in  two 
stages,  and  the  isolation  of  the  intermediate  amino-diazonium  salts 
by  Kaufler  and  Karrer  is  dependent  on  the  insolubility  of  these 
substances  in  the  media  employed. 

'  Experimental. 

N aphthdlene-^ :  1-hisdiazonium  Sulphate  (I), 
HS04-N2-CioH6-N2-HS04,iC2H50H. 

Recrystallised  2 :  7-naphthylenediamine  (0'5  gram),  melting  at 
160 — 161°,  was  dissolved  in  2  c.c.  of  cold  concentrated  sulphuric 
acid,  mixed  with  1  gram  of  ice,  and  diazotised  with  2  grams  of 
nitrosyl  sulphate,  the  mixture  being  cooled  by  further  addition  of 
1  gram  of  ice.  The  cold  filtered  solution  was  carefully  added  to  a 
mixture  of  two  parts  of  ether  and  one  of  alcohol,  and  if  the  pre- 
cipitated sulphate  was  viscid,  more  alcohol  was  added.  The  light 
yellow  crystals  thus  obtained  were  washed  with  a  mixture  of  ether 
and  alcohol,  and  finally  with  ether ;  the  yield  of  diazonium  sulphate 
was  86  per  cent,  of  the  calculated  quantity.  The  salt  was  appreciably 
soluble  in  alcohol,  and  when  precipitated  by  ether  in  the  presence 
of  alcohol  it  retained  a  definite  amount  of  the  latter  solvent,  even 
after  prolonged  drying  in  the  vacuum  desiccator.  The  following 
analyses  were  carried  out  on  different  preparations  which  had  been 
dried  for  varying  periods : 

0-2116  gave  0-2562  00^  and  0-0562  HgO.     C  =  33-02;  H  =  2-95. 
0-1385     „     0-1688  CO2     „    0-0334  HgO.     0  =  33-24;  H  =  2-68. 
0-2446  CO2     „    0-0514  H2O.     C  =  33-02 ;  H  =  2-82. 
10-0  c.c.  N2  at  22°  and  756  mm.     N  =  14-56. 
0-2570  BaSO^.     S  =  16-20. 
0-2356  BaS04.     S  =  16-76. 
CioH808N4S2,iC2H60  requires  0  =  3308;   H  =  2-75;   N  =  14-03; 

S  =  16-04  per  cent. 
The  bisdiazonium  sulphate  readily  dissolved  in  water  to  a  clear 
yellow  solution,    which    was  employed  in    the    production    of    the 
following  diazonium  salts. 

Naphthalene-2  :  7 -bisdiazonium  platinichloride, 
0,oHe[N2]2PtCl6,2H20, 
separated   as  a  brownish-yellow,   crystalline  precipitate  on  adding 


0-2020 
0-0781 
0-2178 
01930 
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aqueous  chloroplatinic  acid  to  the  solution  of  the  bisdiazonium 
sulphate".  The  air-dried  salt  was  not  explosive,  and  could  be  warmed 
without  decomposition : 

0-1378 gave 00964  CX)2  and  00244  HgO.     C  =  19-08;  H  =  l-96. 

0-1760     „     0-1243  CO2     „    00269  H.2O.     0  =  1926;  H  =  l-70. 

0-2170     „  18-0  CO.  N2  at  22°  and  756  mm.     N  =  9-42. 

0-1542     „    0-2122  AgCl.     01  =  34-02. 

01872     „     0-0594  Pt.     Pt  =  31-73. 

0-1888  lost  0-0114  H2O  at  70—80°.     H2O  =  6-04. 
OioH6N40l6Pt,2H20  requires  0  =  1916;  H  =  l-59;  N  =  8-94; 
01  =  34-02;  Pt  =  31-15;  H20  =  5-75  percent. 

N a'phthalene-2 :  1-hisdiazonium  aurichloride,  Oj(,Hg(N2*AuOl4)2, 
was  obtained  as  a  reddish-brown,  crystalline  precipitate  on  mixing 
aqueous  solutions  of  chloroauric  acid  and  the  bisdiazonium  sulphate. 
The  aurichloride  was  very  soluble  in  alcohol,  and  even  dissolved 
slightly  in  ether : 

0-1799  gave  00936  OOg  and  0-0172  HgO.     0  =  1419;  H  =  l-06. 

0-3118     „  18-5  CO.  N2  at  20*5°  and  760  mm.     N  =  6-77. 

0-1290     „     7-7  c.c.  N2  „  20-5°     „    758  mm.     N  =  6-79. 

0-1620     „    0-2170  AgOl.     01  =  33-15. 

0-1834     „     0-0834  Au.     Au  =  45-47. 
O10H6N4OI8AU  requires  0  =  1395;   H  =  0-69;  N  =  6-51;   01  =  33-02; 
Au  =  45*81  per  cent. 

Naphthalene  -2:7-  bisdiazonium  dichromate,  OioHe[N2]2Cr207, 
separated  either  in  reddish-brown  leaflets  or  brown,  nodular  crystals 
on  adding  chromic  acid  or  sodium  dichromate  to  a  dilute  solution 
of   the  bisdiazonium   sulphate: 

0-2184  gave  244  c.c.  N2  at  N.T.P.  and  00824  OroOg.     N  =  14-07; 
Or  =  25-81. 
OioHgOrN^Org  requires  H  =  14-07;   Or  =  26-13  per  cent. 

The  bisdiazonium  dichromate  is  extremely  explosive,  and  detonates 
with  a  bright  flash  when  gently  heated  or  even  on  rubbing. 

The  bisdiazonium  sulphate  gave  rise  to  sparingly  soluble  diazo- 
derivatives  when  added  to  aqueous  solutions  of  alkali  vanadates, 
molybdates,  and  tungstatee. 

The  Sandmeyer  Reaction  with  the  Bisdiazonium  Salts  of 
2 :  l-Naphthylenediamine. 

The  purified  naphthalene-2 :  7-bisdiazonium  sulphate  (carefully 
freed  from  any  excess  of  nitrous  acid)  was  dissolved  in  water  and 
added  to  a  hydrochloric  acid  solution  of  cuprous  chloride.  2  :  7-Di- 
chloronaphthalene  separated  immediately,  and  was  purified  by 
sublimation,  when  it  melted  at  114 — 115°,  and  did  not  depress  the 
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melting  point  of  a  specimen  prepared  from  naphthalene-2 :  7-di- 
sulphonic  acid,  for  which  the  authors  are  indebted  to  Professor 
Armstrong. 

This  Sandmeyer  reaction  gave  the  same  result  when  repeated  with 
the  other  bisdiazonium  salts  of  2 :  7-naphthylenediamine. 

2  :  1-Bistriazonaphthalene   {Na-phthylene-^  :  1-hisazoimide), 


NaNs 

(11.) 

2 :  7-Bistriazonaphthalene  (II)  was  obtained  as  a  brownish-white 
precipitate  on  adding  sodium  azide  to  a  well-cooled  aqueous  solution 
of  the  bisdiazonium  sulphate  which  had  been  carefully  freed  from 
nitrous  acid.  The  product  crystallised  from  petroleum  (b.  p. 
60 — 80°)  in  almost  colourless  leaflets  or  tabular  prisms,  which 
reddened  on  exposure  to  light ;  it  melted  at  98° : 

0-1984  gave  0-4158  COg  and  0-0569  HgO.     C  =  57-14;  H  =  3-18. 

0-0784     „  27-0  c.c.  Ng  at  22°  and  760  mm.     N  =  39-84. 
CioHgNe  requires  C  =  57-14;  H  =  2-85;  N  =  40-00  per  cent. 

2 :  7-Bistriazonaphthalene  has  a  characteristic  odour,  recalling 
that  of  i8-ethoxynaphthalene ;  it  can  be  partly  decolorised  by  boiling 
with  methyl  alcohol  and  animal  charcoal,  and  crystallises  from  this 
solvent  in  very  pale  pink  plates.  Cold  concentrated  sulphuric  acid 
decomposes  the  bistriazo-compound  with  effervescence. 

The  decomposition  of  the  bisdiazonium  sulphate  with  sodium 
azide  is  practically  quantitative,  and  as  2  :  7-bistriazonaphthalene 
is  only  very  sparingly  soluble  in  water,  its  amount  can  be  deter- 
mined : 

0-1398  CioH6(N2-HS04)2,iC2H5-OH  gave  0-0741  CioHe(N3)2,  melt- 
ing at  98°,  whereas  the  calculated  amount  is  0-0736. 

The  aqueous  filtrate  from  the  precipitated  bistriazo-compound, 
which  contained  the  alcohol  of  crystallisation  of  the  bisdiazonium 
sulphate,  gave  a  distinct  iodoform  reaction,  thus  confirming  the 
analytical  data  for  this  salt. 

Theoretical  Considerations. 

The  fact  that  the  2-aminonaphthalene-7-diazonium  salts  isolated 
by  Kaufler  and  Karrer  (Joe.  cit.)  and  the  naphthalene-2 :  7-bis- 
diazonium  sulphate  described  above  are  yellow  compounds  affords 
additional  evidence  in  favour  of  the  view  that  diazonium  salts  of 
normal  constitution  display  colour  when  their  diazo-complexes  are 
associated  with  polynuclear  hydrocarbon  radicles  (compare  this  vol., 
p.   1691). 

The  sijccessive  diazotisation  of  2 :  7-naphthylonedianiiuc  salts  in 
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two  stages  is  of  interest  in  connexion  with  the  authors'  views  on 
the  constitution  of  diazonium  salts. 

In  the  first  place,  it  should  be  noted  that  all  the  available  evidence 
strongly  supports  the  assumption  that  the  diazotisability  of  a  base 
depends  on  the  association  of  its  amino-group  with  an  unsaturated 
organic  complex.  This  complex  need  not  necessarily  be  aromatic 
or  even  cyclic,  but  it  is,  apparently,  essential  that  this  group  should 
be  unsaturated,  for  hitherto  no  amine  possessing  a  fully  saturated 
radicle  has  ever  been  diazotised.  The  existence  of  a  certain  degree 
of  residual  afl&nity  is  a  necessary  condition  for  the  production  of 
diazonium  salts. 

In  the  aromatic  series  this  residual  affinity  is  supplied  by  the 
fourth  valency  of  each  carbon  atom  of  the  six-membered  rings,  and 
the  chemical  properties  which  characterise  aromatic  amines 
(oxidation,  diazotisation,  etc.)  may  be  supposed  to  arise  from  the 
interaction  of  these  bases  in  their  tautomeric  forms  (compare  Cain, 
Trans.,  1907,  91,  1051). 
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It  cannot  be  too  strongly  emphasised  that  diazotisation  is  a 
process  which  takes  place  only  with  the  undissociated  salt  of  an 
amine,  and  not  with  the  base  itself.  Accordingly,  the  nitrous  acid 
reacts  with  the  salts  (for  example,  the  hydrochloride)  of  the  base 
in  the  following  tautomeric  forms : 
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Regarded  in  this  way,  diazotisation,  which  consists  in  the  replace- 
ment of  three  labile  hydrogen  atoms  by  nitrogen,  leads  naturally 
to  the  formation  of  three  tautomeric  forms  of  the  diazonium 
chloride : 
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In  the  special  case  of  the  salts  of  2 :  7-naphthylenediamine,  the 
progressive  diazotisation  arises  probably  from  the  circumstance  that 
the  two  diazonium  complexes  represent  two  phases  of  the  diazo- 
configuration.  If  the  first  formed  diazonium  complex  has  the  para- 
hemiquinoid  structure,  then  the  second  will  be  in  the  ortho 
hemiquinoid  phase,  and  vice  versa : 
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The  foregoing  hypothesis  of  the  constitution  of  diazonium  salts 
is  based  on  the  assumption  that  the  aromatic  amines  and  their  salts 
are  able  to  react  in  the  tautomeric  imino-forms,  a  change  which 
is  possible  only  when  the  organic  complex  associated  with  the  amino- 
group  is  unsaturated. 

Tautomeric  change  to  the  imino-form  is  possible  in  the  following 
non-aromatic  amines,  all  of  which  have  manifested  to  some  extent 
the  property  of  diazotisability : 

The  aminotriazoles  (Thiele  and  Manchot,  AnncUen,  1898,  303, 
33): 

4-Amino-l :  5-diphenyl-l :  2  ;  3-triazole  (Dimroth,  Frisoni,  and 
Marshall,  Ber.,  1906,  39,  2925)  and  aminoantipyrine  (Knorr  and 
Stolz,  Annalen,  1896,  293,  67),  represented  respectively  by  formulae 
I  and  II : 


NPh<; I 


CPh:C-NH, 


NMe-NPh-CjJO 
CMe===C'NHo 


(I.)  (II.) 

Aminophenylpyrithiazinone  (Harries  and  Klamt,  Ber.,  1900,  33, 
1158)  and  aminotetronic  anhydride  (Wolff  and  Llittringhaus, 
Annalen,  1900,  312,  133),  with  formulae  III  and  IV: 


CO<™>C.NH, 

(III.) 


HO-C-OH,^^ 


NH2-C 


CO- 

(IV.) 


In  addition  to  these  non-aromatic  amines,  in  which  the  amino- 
group  is  associated  with  a  cyclic  structure,  an  interesting  extension 
of  the  diazo-reaction  has  recently  been  discovered  by  K.  A.  Ilofmann, 
H.  Hock,  and  R.  Roth  {Ber.,  1910,  43,  682,  1087),  who  find  that 
under  certain  conditions  aminoguanidine  furnishes  diazonium  salts. 
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derived,  however,  not  from  salts  of  the  base  itself,  but  from  a 
more  complex  molecule  containing  tvro  guanidine  residues  and 
having  a  greater  degree  of  unsaturation.  The  diazonium  nitrate, 
for  example,  is  represented  by  the  formula : 


Even  in  this  compound  it  is  possible  to  discern  in  the  three  double 
Unkings  a  certain  analogy  to  the  aromatic  diazonium  salts. 

A  further  extension  of  the  hypothesis  that  the  diazotisability  of 
an  amine  depends  on  the  presence  in  its  molecule  of  an  unsaturated 
group  may  be  put  forward  to  explain  why  the  tendency  to  form 
diazonium  salts  is  greatest  among  aromatic  amines. 

In  the  aromatic  series,  unsaturation  of  the  hydrocarbon  radicle 
is  due  to  the  fourth  valency  of  each  carbon  atom  of  a  six-membered 
ring.  In  the  diazonium  complex,  three  valencies  of  one  of  the  two 
nitrogen  atoms  are  employed  as  follows :  one  furnishes  the  attach- 
ment to  an  acid  radicle;  another  links  the  diazo-group  with  a 
carbon  atom  of  the  ring ;  and  the  third  forms  one  of  the  bonds  of 
attachment  to  the  second  nitrogen  atom.  Regarding  nitrogen  as 
always  potentially  quinquevalent,  an  assumption  whioh  is  justified 
by  the  position  of  this  element  in  the  periodic  classification,  then 
the  diazonium  complex  itself,  like  the  aromatic  nucleus,  has  also 
an  unsaturation  represented  by  six  valencies.  These  two  sets  of  six 
valencies,  representing  respectively  the  residual  affinities  of  the 
aromatic  and  diazonium  complexes,  are  indicated  by  dotted  lines  in 
formulae  V  and  VI,  the  first  of  which  is  the  well-known  centric 
formula : 

N,C1  ci 

Sd  ::Ih  >n-n<: 

H  C 

(V.)  (VI.) 

The  authors'  view  is  that  maximum  stability  of  the  diazonium  salt 
results  when  the  residual  affinities  of  the  organic  radicle  and  the 
diazonium  complex  satisfy  each  other  to  the  fullest  extent.  In  an 
aromatic  monodiazonium  salt,  the  residual  afl^ity  of  the  diazo-group 
is  available  for  saturating  the  six  fourth  valencies  of  the  aromatic 
ring. 

This  conception  of  the  constitution  of  diazonium  salts  suggests, 
also,  an  explanation  of  the  following  facts:  (1)  the  relative 
instability  of  the  bisdiazonium  salts  of  homonuclear  aromatic 
diamines;  (2)  the  difficulty  sometimes  experienced  in  diazotising 
completely  the  salts  of  these  diamines. 
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CCLXIL — Experiments  on  the  Walden  Inversion.     Part 
VI.     Conversion  of  the  Optically  Active  a-Hydroxy- 
a-phenylpropionic    Acids    into     a-Chloro-a-phenyl- 
propionic  Acids. 

By  Alex.  McKenzie  and  George  William  Clough. 

The  authors  showed  in  a  former  paper  (Trans.,  1910,  97,  1016)  that 
when  ^a-hydroxy-a-phenylpropionic  acid  was  acted  on  by  thionyl 
chloride  at '  the  ordinary  temperature  there  was  no  evidence  that 
the  carboxyl  group  had  been  attacked,  whereas  the  hydroxy-group 
in  direct  attachment  to  the  asymmetric  carbon  atom  was  displaced 
by  the  chlorine  atom  with  great  readiness.*  By  this  method  I-  and 
c?-a-chloro-a-phenylpropionic  acids  were  easily  obtained  in  a  state 
of  optical  purity,  and  the  interconversion  of  the  optically  active 
a-hydroxy-a-phenylpropionic  acids  was  brought  about  by  aid  of  the 
Walden  inversion,  thus: 

;  Ph-^p,^OH                            (bySOCld)  7  I*h    ^p^Cl 

^'Me^'^^^COgH  >  ^"Me^^^COgH 

(by  AgaO  A  I  (by  AgjO 

and  water)  I  Xand  water) 


The  results  obtained  by  a  further  study  of  this  subject  are  placed 
on  record  in  the  present  communication. 

When  the  action  of  thionyl  chloride  on  ^a-hydroxy-a-phenyl- 
propionic  acid  is  conducted  in  such  a  manner  that  both  hydroxy- 
groups  are  displaced  by  chlorine,  the  resulting  chloro-acid  chloride 
is  laevorotatory,  and  on  decomposition  with  acetone  containing  a 
little  water  it  gives   ^-o-chloro-o-phenylpropionic  acid.     The  inter- 

*  Later,  Stolid  {Ber.,  1910,  43,  2471)  observed  that  benzilic  acid  is  converted 
into  diphenylchloroacetic  acid  in  a  similar  manner  when  its  solution  in  carbon 
tetrachloride  is  acted  on  by  thionyl  chloride  at  the  ordinary  temperature. 
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conversion  of  the  active  hydroxy-acids  can  be  carried  out  according 
to  the  scheme : 

,  Ph-v.  „^0H  (bySOCla)  7  Ph\p^Cl 


1  (by  acetone 
X  and  water) 

,  Ph^p^OH  ^ ,  Ph\.p /CI 

Me-^    ^CO-^H  (by  AgXOs and  water)  ^'Me^    ^^CO^B.. 

On  the  other  hand,  when  Z-o-hydroxy-a-phenylpropionic  acid  is 
act^d  on  by  phosphorus  pentachloride.  a  change  of  sign  of  rotation 
occurs;  the  chloro-acid  chloride  is  in  this  case  dextrorotatory,  and 
it  gives  c?-o-chloro-a-phenylpropionic  acid  when  it  is  decomposed  by 
aqueous  acetone.  When  the  chlorine  in  the  latter  product  is 
displaced  by  the  hydroxy-group  by  aqueous  silver  nitrate,  the  parent 
o-hydroxy-a-phenylpropionic    acid    is    regenerated.       The   following 

cvcle  can  thus  be  effected : 

,,  ,   Ph^^^Cl 

OV^^        ^-Me>^<COCI 


(by  acetone 
,and  water) 


,  Ph^p^/Cl 
e^i'        ''■Me-^^^CC.H. 

Thionyl  chloride  and  phosphorus  pentachloride  thus  behave 
differently  towards  ^-a-hydroxy-a-phenylpropionic  acid,  inasmuch 
as  the  former  gives  the  ^chloro-acid,  whereas  the  latter  gives  the 
^/-chloro-acid.  The  action  of  phosphorus  pentachloride  is  accom- 
panied with  a  large  amount  of  racemisation. 

In  the  course  of  his  work  on  the  Walden  inversion,  E.  Fischer 
(Ber.,  1907,  40,  489)  found  that  /-bromopropionic  acid  is  formed 
from  c?-alanine  by  the  action  of  nitrosyl  bromide,  this  action  being 
probably  abnormal;  when  the  ester  of  c?-alanine,  however,  is  acted 
on  by  nitrosyl  bromide,  the  resulting  compound  is  the  ester  of 
fc?-bromopropionic  acid,  thus : 

(Z-alanine  — >■  ^bromopropionic  acid 
(2-alaDine  ester  — >■  tZ-bromopropionic  ester . 

The  conclusion  is  drawn  that  the  same  reagent  (nitrosyl  bromide) 
can  act  on  closely-related  substances  (for  example,  acid  and  ester), 
in  one  case  normally  and  in  the  other  case  abnormally.  This  con- 
clusion was  borne  out  when  the  behaviour  of  nitrosyl  chloride 
towards  active  leucine  (and  its  ester)  and  active  aspartic  acid  (and 
its  ester)  was  examined.  Again,  silver  oxide,  which  apparently 
behaves  abnormally  in  Walden 's  experiments  with  the  malic  acids, 
can  be  used  to  produce  either  d-  or  Mactic  acid  from  /-bromo- 
propionic  acid,  thus : 

^bromopropionic  acid  — >  c^-lactic  acid, 
/-bromopropionylglycine  — >-  /-lactic  acid, 
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Bearing  these  results  of  Fischer  in  mind,  we  decided  to  investigate 
the  a-ction  of  phosphorus  pentachloride  and  thionyl  chloride 
respectively  on  the  ethyl  ester  of  active  a-hydroxy-a-phenylpropionic 
acid  in  the  hope  of  throwing  some  light  on  the  problem  as  to 
which  of  these  agents  acts  abnormally  on  the  hydroxy-acid.  The 
following  change,  which  is  accompanied  by  a  large  amount  of 
racemisation,  takes  place  when  ethyl  Z-o-hydroxy-o-phenylpropionate 
interacts  with  phosphorus  pentachloride: 

7  I*h\  p^OH  (by  PCI5)  7  Ph-^p^Cl 

Unfortunately,  the  action  of  thionyl  chloride  on  ethyl  <i-a-hydroxy- 
a-phenylpropionate  does  not  proceed  smoothly,  but  we  have  evidence 
that  the  following  change  takes  place : 

J  Ph\  p^OH                   (by  SOCI2)  ^  Ph\  p^Cl 

'''Me'^^^COgEt  ^          ''■Me'^^^C02Ef 

When  the  changes 

r^hydroxy-acid  ^  -chloro-acid 

\^-hydroxy-ester  (by  PCI5)  ^-chloro-ester 

J^-hydroxy-acid %~  ^-chloro-acid 

\^Z-hydroxy-ester  (by  SOCI2)  ^-chloro-ester 

are  contrasted,  it  will  be  seen  that  no  conclusion  can  be  drawn 
from  them  as  to  which  of  the  agents,  thionyl  chloride  or  phosphorus 
pentachloride,  causes  the  Walden  inversion  when  it  acts  on  the 
hydroxy-acid. 

It  was  obviously  desirable  to  prove  that  the  Z-chloro-acid  corre- 
sponds in  configuration  with  the  ^-chloro-ester.  This  was  done  by 
showing  that  the  Z-chloro-acid  chloride  (which  gives  the  ^-chloro- 
acid  on  treatmeniy  with  aqueous  acetone)  is  converted  into  the 
Z-chloro-ester  on  addition  to  ethyl  alcohol,  the  sign  of  rotation 
remaining  unchanged.  It  is  accordingly  possible  to  convert 
Z-a-hydroxy-o-phenylpropionic  acid  into  either  ethyl  I-  or  ethyl 
<Z-o-chloro-o-phenylpropionate,  thus : 

n\  >        I  Ph>^p^Cl  (by  EtOH)     7  rh-^p^Cl 


"'"^lilsn^      '■Me>^<CO„Et    >'^-Ue>^<CO 


^■jSo^      '"Me-^^^CO„Et    >■  ""Me'^'^^GOaEt. 

Experimental. 

Action  of  Thionyl  Chloride  on  l-a-IIydroxi/-a-phenylpropionic  Acid. 

A    mixture    of    ^o-hydroxy-a-phenylpropionic    acid    (6    grams), 
prepared  by  the  resolution  of  the  7-acid  with  morphine  (loc.  cit.), 
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and  thionyl  chloride  (20  grams)  was  kept  at  the  ordinary  tempera- 
ture for  two  days,  and  then  heated  at  80°  for  one  hour.  Five  grams 
of  a  laevorotatory  acid  chloride  boiling  at  108 — 110°/ 10  mm.  were 
obtained.  It  was  added  to  a  mixture  of  acetone  (20  c.c.)  and  water 
(1  c.c),  and  after  a  day  the  solvent  was  removed  at  the  ordinary 
temperature  under  diminished  pressure.  The  crude  chloro-acid 
(3  grams)  was  crystallised  once  from  light  petroleum,  when  the  pure 
Z-acid  {loc.  cit.)  was  obtained,  melting  at  71 — 72°,  and  having  the 
following  specific  rotation  in  benzene  solution : 

1  =  2,  c  =  7-188,  0^-3-78°,    [olp-26-3°. 
This    acid    gave    a    dextrorotatory  mixture  of  o-hydroxy-a-phenyl- 
propionic  acids  when  the  displacement  of  chlorine  was  effected  by 
aid  of  aqueous  silver  nitrate. 

It  is  thus  possible  to  prepare  optically  pure  Z-o-chloro-o-phenyl- 
propionic  acid  even  when  the  temperature  of  the  action  with  thionyl 
chloride  is  raised  so  that  the  carboxyl  group  of  the  hydroxy-acid  is 
displaced. 

The  Laevorotation  of  the  chloro-chloride,  prepared  from  6  grams 
of  the  Maydroxy-acid  and  28  grams  of  thionyl  chloride  under  tem- 
perature conditions  somewhat  different  from  the  preceding,  was 
confirmed.  One  gram  of  the  chloro-chloride  was  added  to  7  c.c.  of 
acetone,  and  the  solution  gave  Ojj  — 45°  in  a  1-dcm.  tube. 

Action  of  Phosphorus  Pentachloride  on  1-  and  d-aSydroxy- 
a-phenylpropionic  Acids. 

A  mixture  of  ^a-hydroxy-o-phenylpropionic  acid  (12  grams)  and 
the  calculated  amount  of  phosphorus  pentachloride  (30  grams)  was 
maintained  at  15°  for  thirty  minutes,  by  which  time  the  vigorous 
evolution  of  hydrogen  chloride  had  subsided.  On  heating  to  70°,  a 
brisk  action  again  took  place ;  the  temperature  was  raised  from  70° 
to  100°  within  thirty  minutes,  and  finally  maintained  at  100°  for 
one  hour.  The  action  of  the  phosphorus  pentachloride  apparently 
took  place  in  two  distinct  stages.  The  phosphoryl  chloride  was 
removed,  and  the  residual  oil  fractionated  under  diminished 
pressure.  Six  grams  of  a  colourless  oil,  boiling  at  113 — 115°/ 15  mm., 
were  obtained.  This  chloro-acid  chloride  was  dextrorotatory,  giving 
Op-f  310°  in  a  1-dcm.  tube,  and  its  solution  in  acetone  was  also 
dextrorotatory.  It  was  added  to  a  mixture  of  acetone  (20  c.c.)  and 
water  (1  c.c).  Next  day,  the  solvent  was  removed  at  the  ordinary 
temperature  under  diminished  pressure,  and  the  residual  solid 
drained  on  porous  earthenware.  It  amounted  to  4  grams,  melted 
at  70 — 75°,  and  gave  the  following  value  in  benzene  solution  : 
/  =  2,  c  =  12-7,  Oo  +  0-56°,   [a]  0  +  2-2°. 

Found,  CI  =  19-2.     Calc   01=193  per  cent. 

8  E  2 
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The  resulting  acid  was  thus  a  mixture  of  d-  and  r-a-chloro- 
a-phenylpropionic  acids,  and  a  change  of  sign  of  rotation  accordingly 
took  place  during  the  displacement  of  the  chlorine  by  the  hydroxy- 
group  under  the  following  conditions.  The  acid  was  shaken  for  four 
hours  at  the  ordinary  temperature  with  a  solution  of  5  grams  of 
silver  nitrate  in  20  c.c.  of  water,  and  the  mixture  was  then  boiled 
for  one  minute  and  filtered.  The  hydroxy-acid  was  extracted  with 
ether.  It  melted  at  88- — 90°,  was  free  from  chlorine,  and  was  laevo- 
rotatory.     In  ethyl-alcoholic  solution: 

1  =  4.,  c  =  9-58,  aj5-0-67°,   [o]u-l-7°. 

The  action  of  phosphoruo  pentachloride  (25  grams)  on 
c^-o-hydroxy-a-phenylpropionic  acid  (10  grams)  was  also  studied 
under  conditions  similar  to  the  preceding.  The  chloro-acid  chloride 
was  in  this  case  Isevorotatory.  On  decomposition  with  aqueous 
acetone  it  gave  a  mixture  of  I-  and  ?--a-chloro-a-phenylpropionio 
acids. 

Conversion  of  l-a-Chloro-a-phenylprojnoni/l  Chloride  into  Ethyl 
l-a-Chloro-a-'phenyl'pro'pionate. 

The  laevorotatory  a-chloro-o-phenylpropionyl  chloride,  prepared 
from  Z-a-hydroxy-a-phenylpropionic  acid  (10  grams)  and  thionyl 
chloride  (28  grams),  was  added  to  ethyl  alcohol  and  the  product 
fractionated.  The  ester  was  a  Icevorotatory  oil;  it  amounted  to 
4  grams,  boiled  at  131 — 132°/ 18  mm.,  and  gave  the  following 
values : 

Z=l,  a\,^--6-30°,  Di"  M24,  [a]l;  -5-6°. 

Found,  CI  =  16-8.     CjiHigOgCl  requires  CI  =  16-7  per  cent. 

We  have  no  evidence  that  this  ester  was  optically  pure,  and  it 
is  necessary  to  bear  in  mind  that  partial  racemisation  occurs  very 
frequently  when  the  alcoholic  hydroxy-group  of  an  optically  active 
hydroxy-carboxylic  acid  is  displaced  by  halogen. 

It  appeared  from  the  following  experiment  that  this  ester  corre- 
sponds in  configuration  with  ^o-chloro-a-phenylpropionic  acid.  The 
ester  (3  grams)  was  added  to  25  c.c.  of  i\^-aqueous  silver  nitrate,  and 
maintained  at  the  ordinary  temperature  for  twenty-four  hours.  The 
silver  chloride  was  removed,  and  the  filtrate  boiled  with  aqueous 
potassium  hydroxide  until  all  the  oil  had  disappeared.  The  result- 
ing a-hydroxy-o-phenylpropionic  acid  obtained  by  acidification  and 
extraction  with  ether  amounted  to  2  grams,  melted  at  84 — 89°, 
and  was  dextrorotatory  in  ethyl-alcoholic  solution : 
;  =  2,  c  =  18-48,  Oij-f  1-33°,   [a]i,  +  3-6° 
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Action  of  Phosphorus  Pentachloride  and  of  Thionyl  Chloride  on  the 
Oftically  Active  Ethyl  a-Hydroxy-a-phenylpropionates. 

Ethyl  l-a-hydroxy-a-phenylpropionafe,  0H*CMePh*C02Et,  pre- 
pared by  the  esterification  of  Z-o-hydroxy-o-phenylpropionic  acid  by 
ethyl  alcohol  and  sulphuric  acid,  is  an  oil  boiling  at  127°/ 12  mm. : 

0-1330  gave  03322  COg  and  0-0865  HoO.    C  =  68-l;  H  =  7-3. 
C11HJ4O3  requires  0  =  680;  H  =  7-3  per  cent. 

It  has  Di»  1-097  and  a}^  -  29-24°  (^  =  1) ;  whence  [a]l?  -  26-7°. 

When  this  ester  is  acted  on  by  phosphorus  pentachloride,  the 
resulting  ethyl  o-chloro-o-phenylpropionate  is  dextrorotatory,  but 
it  is  impossible  to  prevent  a  large  amount  of  racemisation  taking 
place  in  this  change.  Powdered  phosphorus  pentachloride 
(7  grams)  was  added  gradually  within  an  interval  of  one  hour  to  the 
Z-hydroxy-ester  (6  grams).  Aft^r  three  hours  at  the  ordinary  tem- 
perature the  product  was  warmed  at  30°  for  a  few  minutes,  when 
no  further  action  was  perceptible.  It  was  then  treated  with  ether 
and  ice,  and  the  ethyl  o-chloro-a-phenylpropionate  isolated  as  an 
oil,  boiling  at  138— 139°/28  mm.: 

Found,  Cl  =  16-5.     CnHjgOgCl  requires  CI  =  16* 7  per  cent. 

The  ester  had  o^  -|-  riO°  in  a  1-dcra  tube. 

On  decomposing  it  with  a  slight  excess  of  I'OSiV^-aqueous  sodium 
hydroxide,  the  displacement  of  the  chlorine  by  the  hvdroxy-group 
of  course  accompanied  the  saponification;  the  product  of  the  action 
was  r-a-hydroxy-a-phenylpropionic  acid. 

Although  attempts  to  prepare  ethyl  <^^o-chloro-o-phenylpropio^ate 
in  a  state  of  even  approximate  purity  from  ethyl  ^^o-hydroxy- 
o  phenylpropionate  (b.  p.  124 — 125°/ 10  mm.)  and  thionyl  chloride 
met  with  no  success,  it  was  nevertheless  decided  to  examine  the 
action  of  thionyl  chloride  on  the  optically  active  hydroxy-esters. 
The  material  used  for  this  purpose  was  the  dextrorotatory  mixture 
of  d-  and  r-a-hydroxy-o-phenylpropionic  acids  obtained  from  the 
mother  liquors  resulting  from  the  morphine  resolution  of  the  r-acid. 
It  was  esterified  by  ethyl  alcohol  and  sulphuric  acid,  and  the  ester 
obtained  had  ajj-}-14°  in  a  1-dcm.  tube.  Twelve  grams  of  this 
product  remained  for  seven  days  at  the  ordinary  temperature  after 
having  been  mixed  with  14  grams  of  thionyl  chloride.  The  liquid 
was  then  heated  for  twenty  hours  at  50 — 60°,  and  for  five  hours 
longer  at  60 — 70°,  but  the  action  was  apparently  not  quite  complete 
even  under  these  conditions.  The  product  was  fractionated,  and  an 
oil  boiling  at  138 — 141°/25  mm.  was  obtained;  it  was  dextrorotatory, 
driving  Oj,  +  150°  in  a  1-dcm.  tube.  It  contained,  however,  only  117 
per  cent,  of   chlorine.     We    were    able    to    draw    the    conclusion. 
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however,  from  the  following  experiment  that  c^-o-chloro-a-phenyl- 
propionate  was  actually  present  in  this  impure  product.  The 
chlorine  in  it  was  first  displaced  by  aqueous  silver  nitrate,  and  the 
product  then  saponified  with  aqueous  potassium  hydroxide.  The 
resulting  potassium  salt  was  laevorotatory  in  aqueous  solution,  and 
the  a-hydroxy-a-phenylpropionic  acid  obtained  from  it  was  also 
laevorotatory.     This  result  was  confirmed  by  a  second  experiment. 

BiRKBECK  College, 
LONDOK,   E.G. 


CCLXIII. — The  Triazo-group.  Part  XV.  Triazo- 
ethylene  ( Vinylazoimide)  and  the  Triazoethyl 
Halides. 

By  Martin  Onslow  Foester  and  Sidney  Herbert  Newman. 

Many  cases  have  now  been  placed  on  record  in  which  the  atoms 
composing  a  triazo-group  in  the  neighbourhood  of  an  unsaturated 
linking  have  lent  themselves  to  the  formation  of  a  cycloid,  owing 
to  a  change  involving  saturation  of  this  linking  by  the  members 
of  the  azoimide  nucleus.  As  recent  examples  of  this  principle  may 
be  quoted  the  spontaneous  transformation  of  allylazoimide  into  an 
isomeric  diazoamino-compound  (Trans.,  1908,  93,  1174),  whilst  an 
attempt  to  prepare  benzhydroximic  azide  by  interaction  of  the 
chloride  and  sodium  azide  led  to  l-hydroxy-5-phenyltetrazole  (Trans., 
1909,  95,  183;  compare  also  Wieland,  Ber.,  1909,  42,  4199). 

In  the  cases  mentioned  above,  and  in  others  which  might  be 
indicated,  the  environment  favourable  to  the  display  of  additive 
functions  on  the  part  of  the  triazo-group  is  intramolecular. 
Whether  it  is  necessarily  so  cannot  be  stated  with  confidence, 
because,  although  striking  examples  of  apparently  intermolecular 
addition  have  been  furnished  quite  recently  by  Palazzo  and  Oliveri- 
Mandala  {Atti  R.  Accad.  Lined,  1910,  [v],  19,  i,  218,  228),  who 
found  that  hydrazoic  acid  converts  fulminic  acid  and  methyl- 
carbylamine  into  1-hydroxytetrazole  and  1-methyltetrazoIe  respec- 
tively, whilst  Dimroth  and  Fester  {Ber.,  1910,  43,  2219)  showed  that 
tetrazole  itself  is  obtainable  by  the  interaction  of  hydrazoic  and 
prussic  acids,  it  is  nevertheless  possible  that  these  changes  actually 
depend  on  preliminary  addition  of  H  and  Ng  to  unsaturated  atoms, 
and  that  it  is  the  resulting  triazo-compound  which  undergoes  intra- 
molecular rearrangement,  as  follows : 
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c:n-oh  +  hn3  =  N3-ch:n-oh   -^    ^^n-ch   ' 

N'N'CH 
aN-CHg  +  HNg^Ng-CHIN-CHg    -^    ^<N-CH    '' 

HC-N  +  HNo^No-CHINH     — >    N<^^   i^. 

In  addition  to  the  experiment  just  mentioned,  Dimroth  and 
Fester  caused  hydrazoic  acid  to  act  on  acetylene,  and  although 
1:2:  3-triazole  was  obtained  therefrom,  they  do  not  classify  this 
change  with  the  foregoing  ones,  as  depending  on  the  intermediate 
formation  of  vinylazoimide, 

HC:CH  +  HN3  =  N3'CH:CH.2   -^  ^<CH-CH' 

because  phenylazoimide  is  converted  into  l-ph6nyl-2  :  3-triazole  by 
the  action  of  acetylene.  As  we  have  been  engaged  for  some  time 
in  experiments  leading  to  the  preparation  of  vinylazoimide,  we 
think  it  may  be  of  interest  to  put  forward  a  description  of  this 
substance,  which  was  isolated  with  the  object  of  studying  its 
tendency  to  undergo  the  above  reari  angement. 

The  first  experiments  in  the  direction  indicated  were  begun  more 
than  two  years  ago  in  continuation  of  the  work  on  allylazoimide. 
Attempts  were  made  to  bring  vinyl  bromide  into  double  decom- 
position with  sodium  azide,  but  there  was  not  any  evidence  of  the 
change  having  taken  place;  in  spite  of  the  readiness  with  which 
usually  the  triazo-group  may  be  substituted  for  halogen  in  aliphatic 
compounds,  the  failure  was  not  surprising,  as  it  is  well  known  that 
halogen  attached  to  unsaturated  carbon  takes  part  in  such  reactions 
with  the  greatest  difficulty.  The  preparation  of  triazoethyl  alcohol 
(Trans.,  1908,  93,  1865),  however,  suggested  the  possibility  of 
arriving  at  triazoethylene  (vinylazoimide)  by  the  withdrawal  of 
halogen  hydride  from  a  triazoethyl  halide.  Accordingly,  triazo- 
ethyl alcohol  was  converted  into  triazoethyl  bromide  by  the  action 
of  phosphorus  tribromide,  and  then  by  double  decomposition  with 
sodium  iodide,  triazoethyl  iodide  was  prepared  from  the  bromide; 
on  acting  with  alcoholic  potassium  hydroxide  on  these  compounds, 
they  were  readily  deprived  of  halogen  hydride  without  affecting  the 
triazo-group. 

Triazoethylene  is  a  pale  yellow  liquid,  heavier  than  water,  boiling 
at  26°,  and  having  an  odour  suggesting  that  of  ethylene  itself.  It 
decolorises  bromine  water  without  delay,  forming  a  heavy,  oily 
dibromide.  At  one  time  we  entertained  the  hope  that  it  might  be 
possible  to  withdraw  the  elements  of  hydrogen  bromide  from  this 
substance  in  such  a  way  as  to  produce  triazoacetylene,  the  copper 
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derivative  of  which  would  probably  rank  among  violent  explosives, 
but  it  was  soon  found  that  the  dibromide  itself  is  a  dangerous 
material,  and,  moreover,  breaks  up  in  an  interesting  manner  under 
the  influence  of  water.  When  suspended  therein,  the  oil  rapidly 
disappears,  hydrobromic  and  hydrazoic  acids  being  set  free,  whilst 
bromoacetaldehyde  remains  dissolved : 
CHaBr-CHBr-Ng  +  2H2O  =  H  Br  +  HN3  +  OH2Br-CH(OH)2  — > 

CHaBr-CHIO  +  HgO. 

So  far  as  we  know,  the  dibromide  of  triazoethylene  is  the  first 
compound  in  which  a  triazo-group  is  attached  to  an  atom  of  carbon 
which  carries  also  a  halogen,  and  its  peculiar  susceptibility  towards 
water  explains  the  subsidiary  decomposition  which  has  always  been 
observed  to  accompany  the  production  of  a  bistriazo-compound  from 
the  double  decomposition  of  sodium  azide  and  a  dihalogen  derivative 
of  the  aliphatic  series  in  which  both  halogen  atoms  are  attached  to 
the  same  atom  of  carbon  (Trans.,  1908,  93,  1070;  also  this  vol., 
pp.  126  and  1360).  We  have  not  attempted  to  isolate  and  distil 
the  substance,  because  a  brief  experience  of  00-bistriazoethane, 
which  exploded  with  great  violence  at  the  laboratory  temperature, 
apparently  spontaneously,  renders  it  most  probable  that  ajS-dibromo- 
o-triazoethane  would  behave  in  the  same  way.  This  seems  the  more 
likely  to  take  place  in  view  of  the  possibility  that  the  decomposition 
of  triazoethylene  dibromide  might  follow  a  different  course  in 
absence  of  water,  leading  to  bromoazoimide : 

CHgBr-CHBr-Ng  _^  BrNg  +  CH^Br-CH  — >  CHB.ICH,. 

Since  Raschig  has  shown  {Ber.,  1908,  41,  4194)  that  chloro- 
azoimide  is  frightfully  explosive,  the  foregoing  'possibility  is  dis- 
couraging to  a  further  investigation  of  a)8-dibromo-o-triazoethane. 

The  original  purpose  with  which  triazoethylene  was  prepared, 
namely,  to  illustrate  its  transformation  into  triazole: 

■ch,:ch.n4  -^  Z'^'l 

has  not  been  fulfilled,  the  substance  having  shown  itself  to  be 
surprisingly  stable.  After  being  heated  with  dilute  alcohol  under 
reflux  during  twelve  hours,  a  considerable  proportion  was  found 
to  have  survived,  and  although  the  remainder  had  changed  into  a 
dark  brown  substance,  the  presence  of  triazole  could  not  be 
established.  Furthermore,  on  heating  an  alcoholic  solution  in  a 
sealed  tube  during  twelve  hours  at  100 — 110°,  there  was  produced 
a  dark  brown  liquid  having  the  odour  of  a  carbylamine,  and  giving 
a  precipitate  with  mercuric  chloride,  but  again  it  was  not  found 
possible  to  recognise  triazole. 

The  pale  yellow  colour  of  triazoethylene  is  an  interesting  feature 
of  the  compound,  and  appears  to  be  a  genuine  property,  because 
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it  has  been  noticed  in  every  specimen,  whether  prepared  from  triazo- 
ethyl  iodide  or  bromide.  It  is  doubtless  due  to  the  concentration 
of  unsaturated  atoms  in  a  small  molecule,  and  although  not  so 
intense  as  that  of  diazomethane,  it  is  nevertheless  quite  distinctive. 
The  comparatively  high  boiling  point  was  not  expected,  because  the 
recorded  boiling  points  of  vinyl  chloride  and  of  vinyl  bromide  are 
—  15°  and  +16°  respectively,  and  without  having  made  a  study  of 
the  subject,  we  were  under  the  impression  that,  whilst  the  boiling 
point  of  an  aliphatic  chloro-derivative  is  unquestionably  lower  than 
that  of  the  corresponding  triazo-compound,  the  latter  would  be 
more  volatile  than  the  brominated  substance.  As  it  is  often  a 
matter  of  considerable  practical  importance  to  be  able  to  predict, 
roughly,  the  boiling  point  of  a  new  triazo-compound  from  that  of 
its  haloid  parent,  we  have  taken  afresh  the  boiling  point  of  several 
a  typical  aliphatic  azoimides  described  in  previous  papers,  side  by 
side  with  those  of  the  corresponding  bromo-derivatives.  The  results 
show  conclusively  that  the  triazo-group  exerts  an  elevating  effect 
on  the  boiling  point  greater  than  that  of  the  bromine  atom. 

B.  p.  Mm. 

Vinyl  bromide    CHslCHP.r    16°  750 

Vinylazoimide CHJiCHN.,   26  760 

Ethylene  dibromide  CHjBr'CHgBr 37  20 

Triazoethyl  bromide  i CHaBr'CHjN, 49  20 

Ethyl  a-bromopropionate CH,*CHBr-c6,Et  61  16 

a-triazopropionate  CHa'CHNa'COaEt  70  16 

a-bromowobutyrate CBr<CH,)2*C02Et    62  16 

o-triazowobutyrate CNjCCH^VCOJEt    71  16 

o-bromowovalerate  CH(CH3)5*CHBr'C02Et 79  16 

a-triazoisovalerate   CH^CHjjj'CHNj'COoEt 82  16 

The  relationship  between  the  triazo-group  and  the  chlorine  atom 
as  regards  their  effect  on  the  boiling  point  is  revealed  by  the 
following  data : 

Vinyl  chloride CH3:CHC1 

Vinylazoimide CHorCHXs 

i8.Chloroethvl  alcohol CHaCl-CHj-OH 

/3-Triazoethyl       , CHjXa'CH/OH    

Ethyl  chloroforniate    •. Cl'COjEt    

„      triazofonnate    Nj'COaEt   114 

,.      chloroacetato CHjCl'COjEt 52 

,,      triazoacetate CHjNj'COaEt    70 

Methyl  o-chloromethylncetoacetate  ...  CH3'C0*CCl(CH3)*C0jMe 

„        a-triazomcthylacetoacetate  ...  CH3*C0*CN3(CHj)'C0,Me 

We  have  not,  as  yet,  been  very  successful  in  attempts  to  utilise 
triazoethyl  iodide  as  a  triazo-ethylating  agent.  Triazoethyl  chloride 
has  been  obtained  by  heating  the  iodide  with  dry  mercuric  chloride, 
and  in  this  connexion  it  is  worth  noting  that  the  bromide  remains 
unchanged  when  treated  with  the  mercury  salt  under  similar  con- 
ditions.    MoNitrosocamphor   was   transformed  into   an   oily   triazo- 
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ethyl  derivative  when  heated  with  triazoethyl  iodide  and  silver  oxide 
in  dry  ether,  but  an  attempt  to  prepare  bistriazoethyl  ether  by 
heating  a  mixture  of  triazoethyl  alcohol  and  iodide  with  dry  silver 
oxide  on  the  water-bath  led  to  the  recovery  of  unaltered  triazoethyl 
alcohol  after  five  days.  This  is  the  more  curious  because  the  action 
of  ethyl  iodide  on  triazoethyl  alcohol  in  presence  of  silver  oxide 
leads  without  difficulty  to  triazoethyl  ether,  C2H5*0*CH2*CH2N3. 
Lastly,  we  have  not  been  able  to  produce  triazoethylcarbimide  by 
the  action  of  triazoethyl  iodide  on  lead  or  silver  cyanate,  whilst  the 
interaction  of  triazoethyl  iodide  and  silver  cyanide,  although  pro- 
ducing an  odour  of  carbylamine,  was  too  far  from  complete  to 
admit  of  isolating  any  definite  products. 

Experimental. 
Triazoethylene   {Vinylazoimide),  CH2ICHN3. 

The  alcoholic  potassium  hydroxide  used  for  withdrawing  halogen 
hydride  from  the  triazoethyl  halides  was  a  solution  of  5  grams  in 
20  grams  of  water,  mixed  with  25  grams  of  absolute  alcohol.  This 
was  heated  on  steam  in  a  generating  flask,  into  which  was  fitted 
a  dropping-funnel  and  a  reflux  double-surface  condenser;  from  the 
latter,  connexion  was  made  to  a  small,  dry  flask,  thence  to  a 
U-  tube  filled  with  calcium  chloride,  and  finally  to  a  large  test-tube 
surrounded  by  a  freezing-mixture.  The  temperature  of  the  water 
in  the  condenser  having  been  adjusted  to  30°,  5  grams  of  triazoethyl 
iodide  was  admitted  drop  by  drop  into  the  alcoholic  potassium 
hydroxide  at  the  temperature  of  boiling  alcohol,  when  a  pale  yellow 
liquid  gradually  accumulated  in  the  small  flask  between  the 
generator  and  the  U-tube.  All  the  iodide  having  been  added,  the 
liquid  was  boiled  during  fifteen  minutes,  when  it  was  found  that 
the  cooled  tube  also  contained  some  yellow  liquid,  and  this,  being 
presumably  free  from  alcohol  and  water,  was  regarded  as  pure 
triazoethylene,  and  found  to  boil  at  26°/ 760  mm.  Although  this 
experiment  has  been  made  several  times,  and  triazoethyl  bromide 
has  been  substituted  for  the  iodide,  it  has  always  been  observed 
that  the  liquid  in  both  condensing  vessels  is  pale  yellow,  and  that 
the  colour  does  not  vary  in  depth ;  it  therefore  seems  safe  to  conclude 
that  this  feature  is  not  due  to  some  impurity.  Reference  has  been 
made  to  the  absence  of  any  conclusive  evidence  that  triazoethylene 
changes  into  triazole;  in  addition  to  the  experiments  towards  this 
end  which  have  been  already  described,  a  solution  of  triazoethylene 
in  petroleum  was  left  in  a  stoppered  vessel  exposed  to  light  during 
many  days  without  giving  the  faintest  indication  of  triazole;  on 
allowing  the  solvent  to  evaporate,  the  odour  of  a  carbylamine  was 
noticeable. 
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The  dihromide  of  triazoethylene  was  prepared  by  adding  ice-cold 
bromine  water  to  a  well-cooled  suspension  of  the.  substance  in  water, 
the  colour  of  the  halogen  being  immediately  destroyed,  whilst  the 
limpid  vinylazoimide  changed  to  a  heavy,  viscous  oil.  It  is  necessary 
to  be  most  cautious  in  adding  the  halogen,  because  on  one  occasion 
a  drop  of  bromine  was  admitted  by  accident  to  the  vessel  containing 
the  triazo-compound,  and  led  to  a  violent  explosion,  although  the 
amount  of  material  involved  could  not  have  exceeded  1  gram,  and 
this  was  diluted  with  20  c.c.  of  water.  On  allowing  the  dibromide 
to  remain  in  contact  with  water,  it  rapidly  disappeared,  and  the 
liquid  was  found  to  contain  hydrazoic  and  hydrobromic  acids; 
moreover,  it  restored  the  colour  to  Schiff's  reagent,  and  when  mixed 
with  ammoniacal  silver  oxide  and  filtered,  the  liquid  quickly 
deposited  silver  on  warming.  In  order  to  make  sure  that  the  decom- 
position of  triazoethylene  dibromide  by  water  does  not  follow  the 
possible  alternative  course,  that,  namely,  leading  to  bromoazoimide 
and  vinyl  bromide,  a  specimen  of  vinylazoimide  was  converted  into 
the  dibromide  with  a  deficit  of  bromine,  and  at  once  treated  with 
dilute  sodium  hydroxide,  in  the  expectation  that  if  bromoazoimide 
is  formed,  it  would  behave  towards  alkali  in  the  manner  that 
charzicterises  chloroazoimide,  and  that  alkali  hypobromite  would  be 
produced;  we  were  able  to  show  that  hypobromite  is  not  formed, 
and  therefore  conclude  that  the  decomposition  proceeds  only  in  the 
direction  of  hydrobromic  and  hydrazoic  acids  along  with  bromo- 
acetaldehyde. 

The  interaction  of  triazoethylene  and  concentrated  sulphuric  acid 
is  mild,  gas  being  evolved  slowly,  but  brisk  effervescence  occurs  with 
a  solution  of  stannous  chloride  in  hydrochloric  acid.  The  con- 
clusion that  alcoholic  potassium  hydroxide  is  without  action  on  the 
substance  may  be  drawn  from  the  fact  that  on  evaporating  to 
dryness  the  liquid  contained  in  the  generating  flask,  no  trace  of 
alkali  azide  was  to  be  found. 

fi-Ghloro-a-triazoethane  {Triazoethyl  Chloride),  Ng'CH^'CHgCl. 

The  first  attempts  to  prepare  this  material  were  made  by  adding 
triazoethyl  alcohol  dissolved  in  absolute  ether  to  the  calculated 
amount  of  phosphorus  pentachloride  covered  with  the  same  solvent ; 
considerable  action  took  place,  and  was  increased  by  heating  under 
reflux,  but  the  yield  of  triazoethyl  chloride,  being  only  2  grams 
from  20  grams  of  the  alcohol,  was  too  disappointing  to  encourage 
the  adoption  of  this  method.  Thionyl  chloride  acts  vigorously  on 
triazoethyl  alcohol,  but,  as  might  be  expected,  gives  a  product  which 
appears  to  be  triazoethyl  sulphite,  and  trizizoethyl  chloride  could 
not  be  detected,  whilst  the  effect  of  passing  dry  hydrogen  chloride 
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into  a  suspension  of  anhydrous  zinc  chloride  in  triazoethyl  alcohol 
was  to  liberate  hydrazoic  acid.  It  was  not  until  triazoethyl  iodide 
became  available  that  the  preparation  of  the  chloride  was  possible. 

Twenty  grams  of  triazoethyl  iodide,  mixed  with  32  grams  of 
dried  mercuric  chloride,  were  heated  at  100°  during  three  hours  in 
a  small  distilling  flask,  from  which  the  product  was  then  boiled 
under  25  mm.  pressure,  10  grams,  or  90  per  cent,  of  the  theoretical 
amount,  being  obtained ;  on  re-distillation  under  the  same  pressure, 
the  substance  boiled  steadily  at  45° : 

0-0874  gave  30-9  c.c.  Ng  at  24°  and  751  mm.     N  =  39-16. 

0-2709      „      0-3642  AgCl.     CI  =  33-25. 

C2H4N3CI   requires  N  =  39-81;  CI  =  33-65   per   cent. 

The  substance  is  limpid  and  colourless,  having  a  pleasant  odour 
suggesting  that  of  chloroform;  the  density  is  1-2885/24°.  The 
action  with  a  solution  of  stannous  chloride  in  hydrochloric  acid  is 
sluggish,  gas  being  evolved  only  on  warming  the  liquids;  the 
effervescence  with  concentrated  sulphuric  acid  becomes  brisk  on 
stirring,  but  the  triazo-group  appears  to  be  indifferent  towards 
alkalis,  which  only  liberate  triazoethylene.  The  chloride  does  not 
lose  its  halogen  completely  when  heated  with  boiling  alcoholic  silver 
nitrate,  as  is  the  case  with  the  other  triazoethyl  halides,  and  the 
above  estimation  of  chlorine  was  made  by  heating  in  alcohol  with 
30  per  cent,  aqueous  potassium  hydroxide,  followed  by  precipitation 
with  silver  nitrate  in  the  solution  acidified  by  nitric  acid. 

When  thrown  on  a  hot  plate,  the  substance  decrepitates,  and 
burns  with  a  violet  flame. 

^-Bromo-a-triazo ethane  (Triazoethyl  Bromide),  Ns'CHo'CHgBr. 

Although  triazoethyl  bromide  has  been  obtained  by  the  action  of 
bromine  on  triazoethyl  alcohol  in  presence  of  amorphous  phosphorus, 
this  is  not  the  most  convenient  method  of  preparation,  the  inter- 
action of  phosphorus  tribromide  and  the  alcohol,  when  moderated 
by  a  diluent  such  as  ether  or  petroleum,  leading  to  more  satisfactory 
results.  One  hundred  grams  of  triazoethyl  alcohol,  covered  with 
100  c.c.  of  petroleum  (b.  p.  40°)  in  a  flask  surrounded  with  melting 
ice,  were  treated  slowly  with  112  grams  of  phosphorus  tribromide 
in  250  c.c.  of  the  same  petroleum,  the  mixture  being  shaken 
vigorously  after  each  portion  was  added;  phosphorous  acid 
separated,  and  a  heavy,  pale  brown,  viscous  oil,  insoluble  in 
petroleum,  constituted  a  large  proportion  of  the  product.  After 
three  hours  on  the  water-bath  under  reflux,  the  less  dense  liquid 
was  decanted,  and  the  viscous  residue  shaken  several  times  with 
small  quantities  of  petroleum,  which  were  added  to  the  decanted 
solution  of  triazoethyl  bromide;  any  excess  of  phosphorus  tribromide 
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was  destroyed  by  agitation  with  small  quantities  of  water,  and  the 
liquid  having  been  treated  with  ignited  sodium  sulphate,  petroleum 
was  boiled  away,  and  the  residue  distilled  under  diminished 
pressure.  The  best  yield  obtained  by  this  process  was  only  58  grams, 
representing  about  34  per  cent,  of  the  amount  anticipated : 

0-0641  gave  15-9  c.c.  No  at  24°  ajid  765  mm.     N  =  2800. 

0-4942      „      0-6198  AgBr.     Br  =  53-38. 

CoH^NsBr  requires  N  =  28-02;  Br  =  53*33  per  cent. 

Triazoethyl  bromide  is  a  colourless  liquid,  having  the  odour  of 
ethylene  dibromide,  and  rapidly  becoming  yellow  when  exposed  to 
light;  it  boils  at  49°/20  mm.,  and  has  the  density  1-6675/19°. 
Action  with  •  concentrated  sulphuric  acid  and  with  a  solution  of 
stannous  chloride  in  hydrochloric  acid  resembles  that  of  the  chloro- 
compound,  but  hot  alcoholic  silver  nitrate  leads  more  readily  to 
the  elimination  of  halogen  than  in  the  case  of  that  substance,  and 
the  above  determination  of  bromine  was  carried  out  by  this  agent. 
The  bromide  does  not  become  ignited  when  thrown  on  a  hot  plate, 
merely  decrepitating  mildly. 

Attempts  have  been  made  to  identify  the  viscous,  brown  oil  which 
accompanies  triazoethyl  bromide  when  prepared  by  the  foregoing 
method,  so  far  without  success.  It  is  the  production  of  this  sub- 
stance which  is  responsible  for  the  disappointing  yield,  and  is  par- 
ticularly inconvenient  because  triazoethyl  bromide  is  the  starting 
material  for  the  chloride  and  the  iodide.  The  presence  of  phos- 
phorus, bromine,  and  the  triazo-group  suggested  that  the  sub- 
stance might  be  the  bromide  of  bistriazoethylphosphorous  acid, 
(N3'CH2'CH2*0)oPBr,  but  the  bromine  content  was  much  too  low ; 
it  may  be  a  mixture  of  this  substance  with  triazoethyl  phosphite, 
(N3*CH2'CH2*0)3P,  but  an  attempt  to  recover  triazoethyl  alcohol 
from  it  by  hydrolysis  was  not  successful. 

^-lodo-a-triazoethane   {Triazoethyl  Iodide),  Ns'CHg'CHoI. 

The  method  employed  for  this  preparation  was  the  one  recently 
described  by  Finkelstein  {Ber.,  1910,  43,  1528),  and  was  found  to 
be  expeditious  and  economical.  Fifty-eight  grams  of  triazoethyl 
bromide  were  added  to  a  solution  of  60  grams  of  sodium  iodide  in 
400  c.c.  of  dry  acetone,  sodium  bromide  being  precipitated  imme- 
diately; the  mixture  having  remained  at  the  ordinary  temperature 
during  the  night,  action  was  completed  by  heating  under  reflux, 
when  about  two-thirds  of  the  solvent  was  distilled  off,  and  the 
residue  poured  into  water  contained  in  a  separating  funnel,  from 
V  hich  the  heavy,  dark  brown  liquid  was  then  tapped.  This  was 
inixed  with  the  ether  used  for  extracting  the  triazoethyl  iodide  from 
the  aqueous  acetone,  and  shaken   vigorously  with  a  little  mercury 
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in  order  to  remove  dissolved  iodine,  the  residue  from  the  dried 
ether  being  then  distilled  under  diminished  pressure,  yielding  43 
grams : 

0-0814  gave  15-5  c.c.  Ng  at  23°  and  764  mm.     N  =  21-58. 
.0-4270     „       0-5063  Agl.     1  =  64-12. 

C2H4N3I  requires  N  =  21-32;  1  =  64-45  per  cent. 

Triazoethyl  iodide  boils  at  68°/ 20  mm.,  and  when  freshly  distilled 
is  colourless,  but  quickly  becomes  pale  red;  the  odour  resembles 
exactly  that  of  ethyl  iodide.  It  has  the  density  1-9154/25°,  and 
is  able  to  dissolve  mercuric  iodide,  a  property  brought  to  light  by 
the  fact  that  a  specimen  which  had  been  decolorised  by  agitation 
with  mercury  left  a  considerable  residue  of  the  salt  on  'redistillation. 
The  action  with  stannous  chloride  in  hydrochloric  acid  is  more 
brisk  than  in  the  case  of  the  other  triazoethyl  halides,  which  the 
iodide  resembles,  however,  in  regard  to  interaction  with  concentrated 
sulphuric  acid.  Behaviour  on  the  hot  plate  is  similar  to  that  of 
triazoethyl  chloride. 

It  was  hoped  that  a  variety  of  interesting  substances  might  be 
obtainable  from  typical  compounds  containing  replaceable  hydrogen 
by  tria,zo-ethylation,  but  hitherto  we  have  not  been  successful  in 
this  direction,  p'^itrophenol,  for  instance,  when  heated  in  dry 
benzene  with  silver  oxide  and  triazoethyl  iodide,  gave  a  brown  oil 
which  did  not  invite  further  examination.  isoNitrosocamphor  also 
gave  an  oil,  remaining  liquid  during  four  months,  and  containing 
22-35  per  cent,  of  nitrogen  (C12II18O2N4  requires  N  =  22-4  per  cent.). 
Silver  and  lead  cyanates  were  heated  in  ether  and  in  benzene  at 
the  boiling  points  of  these  with  triazoethyl  iodide  during  many 
hours,  but  triazoethylcarbimide  could  not  be  recognised,  although 
in  absence  of  a  diluent,  some  action  takes  place  at  about  100°,  as 
indicated  by  a  mild  explosion  which  occurred.  Silver  cyanide 
developed  the  carbylamine  odour  when  heated  with  triazoethyl 
iodide  during  two  days  on  the  water-bath,  but  the  proportion  of 
material  remaining  unchanged  at  the  end  of  the  experiment  was 
too  large  to  hold  out  any  prospect  of  success.  Bistriazoethyl  sulphate 
appears  to  be  formed  when  triazoethyl  iodide  is  heated  in  dry 
benzene  with  silver  sulphate,  production  of  silver  iodide  being 
clearly  indicated;  the  residue  left  by  the  solvent  on  evaporation 
did  not  distil  at  140°/ 1  mm.,  but  when  hydrolysed  with  30  per 
cent,  potassium  hydroxide,  the  liquid  contained  potassium  sulphate, 
unmixed  with  iodide. 

An  attempt  was  made  to  prepare  bistriazoethyl  ether  by  heating 
5  grams  of  triazoethyl  alcohol  and  11  3  grams  of  triazoethyl  iodide 
with  15  grams  of  dry  silver  oxide  on  the  water-bath  during  five 
days,    but   the  entire   product    distilled  at   85°/ 35   mm.,   weighed 
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5  grams,  and  contained  48"3  per  cent,  of  nitrogen;  this  is  the 
amount  required  by  triazoethyl  alcohol  itself,  whilst  bistriazoethyl 
ether  contains  5 38  per  cent.,  from  which  it  would  appear  that  in 
the  above  experiment  the  triazoethyl  alcohol  remained  unchanged, 
whilst  the  triazoethyl  iodide  was  transformed  into  triazoethylene 
and  diffused  out  of  the  apparatus. 

P-Triazoethyl  Ether,  Ng-CHg-CHg'O-CaHj. 

Twenty  grams  of  triazoethyl  alcohol  and  50  grams  of  ethyl  iodide 
were  allowed  to  remain  in  darkness  with  50  grams  of  dry  silver 
oxide  during  two  days,  being  then  heated  on  the  water-bath  with 
occasional  addition  of  small  quantities  of  ethyl  iodide.  After  one 
week,  the  liquid  was  separated  and  distilled  under  diminished 
pressure : 

01057  gave  SSS  c.c.  N2  at  21°  and  763  mm.     N  =  36-39. 
C4H9ON3  requires  N  =  36"51  per  cent. 

The  substance  is  a  colourless  liquid,  boiling  at  49°/ 25  mm.,  and 
having  the  density  09744/24°.  The  odour  resembles  that  of  chloro- 
ether,  and  in  steam  is  pungent  and  sweet.  With  concentrated 
sulphuric  acid  or  a  solution  of  stannous  chloride  in  hydrochloric 
acid,  there  is  a  vigorous  effervescence,  but  hot  concentrated  alcoholic 
potassium  hydroxide  appears  to  be  without  action  on  triazoether, 
the  azoimide  nucleus  remaining  intact.  Triazoethyl  ether  does  not 
explode  when  thrown  on  a  hot  iron  plate,  the  vapour  burning  with  a 
luminous,  white  flame. 

Royal  College  of  Science,  London. 
South  Kensington,  S.W. 


CCLXIV. — The    Intermolecular     Condensation    oj 
Aromatic  Sulphinic  Acids.     Part  I. 

By  Thomas  Percy  Hilditch. 

The  well-known  tendency  of  aromatic  sulphinic  acids  to  enter  into 
ombination  with  other  benzenoid  residues  through  the  elimination 
of  water  is  more  than  maintained  in  the  corresponding  acid 
ihlorides,  which,  as  was  observed  when  the  latter  compounds  were 
originally  obtained  in  a  pure  condition  (Hilditch  and  Smiles,  Ber., 
1908,  41,  4113),  are  exceedingly  reactive  and  unstable.  In  the 
ourse  of  some  work  on  the  reduction  of  these  chlorides,  it  was 
noticed  that,  if  too  much  heat  was  applied  during  their  preparation 
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or  the  subsequent  treatment,  decomposition  set  in,  and  white, 
crystalline,  insoluble  compounds,  sometimes  accompanied  by  tarry 
matter,  were  formed  in  considerable  quantity. 

The  present  communication  describes  some  experiments  under- 
taken to  elucidate  the  nature  of  these  by-products.  It  was  found 
that  by  heating  benzenesulphinyl  chloride,  CgHs'SOCl,  or  ^J-toluene- 
sulphinyl  chloride,  CeH^Me'SOCl,  either  alone  at  100°  or  in  boiling 
chloroform,  or  in  presence  of  a  slight  excess  of  thionyl  chloride 
beyond  that  needed  for  the  preparation  of  the  acid  chlorides,  a 
semi-solid,  dark-coloured  mass  was  obtained,  from  which  the  various 
compounds  formed  were  separated  by  successive  extraction  with 
light  petroleum,  alcohol,  and  toluene.  Furthermore,  in  order  to 
avoid  the  formation  of  tarry  decomposition  products  when  heat  was 
applied,  the  condensing  action  of  cold  concentrated  sulphuric  acid 
on  these  two  chlorides  was  investigated,  and  analogous  products 
were  obtained,  whilst,  finally,  it  was  established  that  the  free 
sulphinic  acid,  when  left  for  a  sufficient  length  of  time  in  solution 
in  cold  concentrated  sulphuric  acid,  underwent  a  similar  change, 
and  from  experiments  with  a  number  of  aromatic  sulphinic  acids 
it  appeared  that  the  course  of  the  reaction  was  conditioned  largely 
by  the  substituents  present  in  the  benzene  nucleus. 

From  a  general  point  of  view,  it  would  appear  that  besides  simple 
oxidation  to  sulphonic  acids  there  are  the  following  possibilities  to 
be  considered  in  this  decomposition  of  sulphinic  acids : 

(i)  The  usual  formation  of  disulphoxides,  with  possible  further 
decomposition  of  the  latter  substances: 

SCeHg'SOaH  =  CeHj-SOgH  +  C6H5*S202*C6H5. 

(ii)  (a)  Intermolecular  condensation  of  the  sulphinic  acids, 
possibly  involving  more  than  two  molecules  of  the  acid,  but  not 
proceeding  beyond  the  sulphoxide  stage ;  for  example : 

SCgHg-SOgH   -^  C6H5-SO^CeH4-SO-C6H^-S02H. 

(b)  Further  intermolecular  condensation  of  the  sulphoxides  to 
complex  sulphonium  bases  (compare  Smiles  and  Le  Rossignol, 
Trans.,  1906,  89,  696;  1908,  93,  745)  : 

/CgHs-SO-Cl-l-CBHs-SOaH  ->  CgHs'SO-CgH.-SOgH 
tCoHj-SO-CeH^-SOjH  +  CoHg-SOCl  -^  C6H5-S(C6H4-S02H)2C1, 

and  so  on. 

As  a  matter  of  fact,  definite  evidence  of  the  production  of 
sulphonium  derivatives  has  not  been  obtained,  but  both  of  the 
other  reactions  a.ppear  to  take  place,  the  one  or  the  other 
predominating  according  to  the  manner  of  substitution  in  the 
sulphinic  acid  used.     Thus,   from   the  action  of   heat  on  benzene- 
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sulphinyl  chloride,  a  quantity  of  diphenyl  disulphide  and  the  white, 
insoluble  compound  mentioned  above  was  formed,  whilst  p-toluene- 
sulphinyl  chloride  yielded  under  similar  conditions  a  mixture  of 
di-p-tolyl  disulphoxide  and  a  small  amount  of  di-p-tolyl-o-disulphone. 

On  the  other  hand,  benzenesulphinic,  o-toluenesulphinic,  and 
a-naphthalenesulphinic  acids  reacted  in  the  presence  of  concentrated 
sulphuric  acid  to  form  varying  amounts  of  the  insoluble  products, 
together  with  disulphoxides.  As  much  as  50  per  cent,  yields  of  the 
insoluble  compound  were  obtained  from  benzenesulphinic  acid,  but 
only  about  20  per  cent,  of  the  two  other  acids  was  converted  to  the 
corresponding  insoluble  derivative.  Finally,  y-toluenesulphinic, 
p-ethoxyphenylsulphinic,  )8-naphthalenesulphinic,  and  o-carboxy- 
benzenesulphinic  acids  gave  no  "  insoluble  "  product  whatever,  but 
usually  furnished  small  amounts  of  disulphoxides. 

Of  these  various  compounds,  the  whit€,  insoluble  substances,  which 
in  the  first  place  attracted  attention  to  this  decomposition,  are 
perhaps  the  most  interesting.  Since  these  were  not  o-disulphones, 
it  appeared  probable  that  they  had  been  formed  by  means  of  the 
condensation  (ii)  (a)  referred  to  above,  but  from  their  insolubility 
in  sodium  hydroxide  solutions  it  did  not  seem  likely  that  any  free 
sulphinic  acid  group  was  present  in  their  molecules.  Accordingly, 
the  possibility  of  the  remaining  sulphinyl  radicle  having  entered 
into  the  reaction  had  to  be  considered,  and  at  first  sight  it  appeared 
that  derivatives  of  diphenylene  o-disulphide  had  been  formed : 

HO-SO 

/\  \ 

I        I  +  II 

\/^  \/ 

SO-OH 

It  soon  became  evident,  however,  from  both  physical  and  chemical 
properties  of  the  products  under  investigation  that  they  were  not 
derived  from  ordinary  diphenylene  o-disulphide,  and  attention  was 
next  paid  to  a  statement  by  Genvresse  (Bull.  Soc.  chim.,  1896,  [iii], 
15,  421,  1038;  1898,  [iii],  17,  599)  that  in  the  usual  preparation  of 
diphenylene  o-disulphide  large  quantities  of  insoluble  by-products 
were  formed,  and  that  under  suitable  conditions  as  much  as  80  per 
cent,  yields  of  an  insoluble  compound  isomeric  with  diphenylene 
o-disulphide  could  be  obtained  from  benzene,  sulphur,  and 
aluminium  chloride.  Genvresse  suggested  at  the  time  that  these 
compounds  were  para-condensation  products,  and  that  ordinary 
diphenylene  disulphides  contained  meta-disulphide  ring  systems. 

Recently,  however,  Deuss  {Ber.,  1908,  41,  2329)  has  established 

he  constitution  of  diphenylene  disulphide  as  an  ortho-ring  system 

by  heating  diphenylene  disulphone,  C6H4[S02]2C8H4,  with  phosphorus 
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pentachloride,  when   a  mixture  of   o-dichlorobenzene  and  benzene- 
o-disulphonyl  chloride  was  obtained  according  to  the  equation  : 

SOo 


+   2PCI,. 


On  treating  the  insoluble  product  derived  from  benzenesulphinic 
acid  according  to  Deuss'  directions,  the  author  has  obtained  solid 
p-dichlorobenzene  and  benzene-j?-disulphonyl  chloride  in  sufficient 
amount  for  definite  characterisation.  It  therefore  appears  that  the 
compounds  now  being  described  are  analogous  to  diphenylene 
o-disulphide,  but  are  condensed  into  a  ring  system  by  means  of  their 
para-atoms : 

-S — 


A  close  comparison  of  the  properties  of  these  compounds  with 
those  described  by  Genvresse  (loc.  cit.)  left  no  doubt  that  they  were 
identical  therewith;  for  example,  the  colour  of  their  solutions  in 
concentrated  sulphuric  acid  is  similar,  but  differs  from  that  of  the 
ortho-disulphides,  whilst  on  oxidation  a  disulphone  resulted  identical 
in  properties  with  that  obtained  by  that  author.  Unfortunately, 
the  compound  from  benzenesulphinic  acid,  which  corresponds  with 
a  dioxide  of  Genvresse's  isomeric  compound,  could  not  be  reduced 
to  the  latter  substance,  owing  probably  to  a  simultaneous  rupture 
of  the  ring  system. 

The  proof  of  the  orientation  of  these  substances  is  strikingly 
supported  by  the  fact  that  not  a  trace  of  the  corresponding  insoluble 
product  could  be  obtained  from  either  2^toluenesulphinic,  y-ethoxy- 
phenylsulphinic,  or  )8-naphthalenesulphinic  acids,  the  positions  para- 
to  the  sulphinyl  group  being  occupied  in  these  instances  by  other 
radicles. 

The  author  has,  however,  not  succeeded  in  deciding  whether  these 
products  are  really  analogous  to  diphenylene  o-disulphide  or  whether 
they  consist  of  an  indefinitely  prolonged  series  of  •S*CgH4*S'  groups 
united  in  para-positions.  The  latter  alternative  might  be  thought  pos- 
sible in  view  of  their  insolubility  in  practically  all  organic  solvents, 
of  their  high  melting  points,  and  of  their  not  too  well-defined  crys- 
talline structure,  but,  on  the  other  hand,  para-substituted  compounds 
usually  melt  higher  and  are  less  soluble  than  the  corresponding 
ortho-derivatives,  and,  again,  their  general  stability  and  the 
formation  on   oxidation  of  disulphones  similar  to  diphenylene  di- 
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sulphone  lend  colour  to  the   opinion  that  they   are   derived  from 
the  simple  ring  system: 


I      !  I- 

A  determination  of  molecular  weight,  which  would  have  definitely 
established  the  point,  was  unfortunately  quite  out  of  the  question, 
owing  to  the  exceedingly  slight  solubility  or  volatility  of  any  of  the 
compounds. 

There  is,  however,  little  reason  to  suppose  that  a  pararring  system 
as  depicted  above  would  be  less  stable,  although  less  familiar,  than 
the  usual  six-membered  ring,  for  since  it  is  generally  conceded  that 
the  para-benzenoid  atoms  are  almost  as  closely  related  in  space  as 
the  ortho-atoms,  the  above  ring  system  will  partake  much  more 
nearly  of  the  nature  of  a  six-membered  than  of  the  ten-membered 
heterocyclic  chain  which  at  first  sight  it  appears  te  be. 

Before  describing  the  experimental  part  of  this  investigation,  it 
will  be  well  to  discuss  the  mechanism  of  the  condensations  which 
take  place  in  diphenylene  disulphide  syntheses,  and  especially  the 
non-appearance  from  sulphinic  acids  of  any  ortho-ring  products. 
Speaking  in  general  terms,  the  numerous  syntheses  of  heterocyclic 
ring  systems  which  have  been  worked  out  do  not  permit  of  any 
choice  of  orientation  on  the  part  of  the  molecules  concerned.  Thus, 
in  the  case  of  phenazine,  the  nitrogen  atoms  in  which  are  situated 
similarly  to  the  sulphur  in  diphenylene  disulphide,  derivatives  of 


the  system 


N 


result  from  o-phenylenediamine  either 


by  oxidation  in  presence  of  phenols  (Ris,  Ber.,  1886,  19,  2207),  or 
by  condensation  with  catechol  or  derivatives  of  o-quinones  (Hinsberg, 
Annalen,  1896,  292,  258),  but  the  oxidation  of  aniline  itself  leads 
not  to  phenazine,  but  to  the  "  aniline-black "  dyes,  in  which  a 
number  of  benzene  nuclei  are  united  by  means  of  nitrogen  atoms 
each  in  a  para-position  with  respect  to  the  next. 

It  seems  probable  that  similar  influences  determine  the  course  of 
ring  formation  from  sulphinic  acids  and  mercaptans ;  moreover,  the 
preference  for  para-condensation  is  emphasised  in  the  case  of  sulphur 
compounds  by  the  fact  that,  ceteris  paribus,  in  the  condensation  of 
sulphinic  acids  or  sulphoxides  with  phenolic  ethers  (Smiles  and  Le 
Rossignol,  loc.  cit.)  para-substituted  products  predominate  over 
ortho,  the  latter,  indeed,  being  frequently  not  formed  at  all. 

Again,  all   the   synthetic    methods    for    the   preparation    of    di- 
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phenylene  o-disulphides  involve  much  loss  of  product  owing  to  the 
formation  of  insoluble  compounds,  and  it  appears  to  the  author  that 
in  most  of  these  syntheses  the  formation  of  the  disulphide  is  due  to 
a  secondary  reaction,  and  may  be  ascribed  to  the  fact  that  the 
starting  materials  are  derivatives  of  phenyl  mercaptan  rather  than 
of  the  more  oxidised  benzenesulphinic  acid.  The  condensation  of 
sulphinic  acids  is  explained  readily  by  the  equation : 

HO-SO  c^ 


SO-OH 


+        11      =      1!  11    +    2HA 

-SO- 


and  it  is  probable  that  the  underlying  cause  of  all  the  earlier 
diphenylene  disulphide  syntheses  is  the  production  of  temporary 
hydroxylic  sulphur  derivatives  of  the  type  CgHj'S'OH,  rather  than 
the  simultaneous  removal  of  a  hydrogen  atom  from  a  mercaptan 
group  and  from  a  benzene  nucleus  by  means  of  extraneous  oxygen 
(compare  Davis  and  Smiles,  this  vol.,  p.  1292). 

Thus  the  chief  methods  extant  for  the  synthesis  of  diphenylene 
o-disulphides  are  as  follows : 

(a)  Action  of  sulphur  on  benzene  in  presence  of  aluminium 
chloride  (Stenhouse,  Annalen,  1869,  149,  250;  Krafft  and  Lyons, 
Ber.,  1896,  29,  436). 

(6)  Action  of  aluminium  chloride  on  mercaptans  or  disulphides 
(Deuss,  Bee.  trav.  chim.,  1908,  27,  145;  1909,  28,  136). 

(c)  Action  of  hot  concentrated  sulphuric  acid  on  mercaptans, 
disulphides,  or  disulphoxides  (Fries  and  Volk,  Ber.,  1909,  42,  1170). 

These  reactions  have  been  explained  by  the  transitory  formation 
of  various  oxidation  and  reduction  products  or  by  temporary 
isomerisation  of  the  compounds  involved,  but  it  is  evident  that  a 
simpler  and  more  comprehensive  explanation  of  the  whole  series 
results  from  the  hypothesis  that  derivatives  of  sulphoxylic  acids  are 
first  produced,  as  has  been  assumed  by  Davis  and  Smiles  (loc.  cit.)  in 
the  formation  of  thioxanthones,  and  by  Hinsberg  {Ber.,  1903,  36, 
109)  in  the  formation  of  hydroxydiphenyl  sulphide  from  benzene- 
sulphinic acid  and  phenol. 

The  process  is  thus  similar  to  the  condensation  of  the  sulphinic 
acids,  and  differs  only  in  that,  whilst  in  the  latter  case  no  ortho- 
condensation  occurs,  in  the  former  instance  derivatives  of  di- 
phenylene o-disulphide  are  formed  in  varying,  but  subsidiary,  pro- 
portions. 

It  should  be  mentioned  here  that  phenyl  mercaptan  itself,  on 
being  kept  for  some  hours  in  concentrated  sulplmric  acid  at  the 
ordinary  temperature,  was  converted  to  a  mixture  of  a  small  amount 
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of   dipheuylene   o-disulphide   and   about    70    or    80    per    cent,  of 
diphenylene  /^disulphide. 

The  decomposition  of  disulphoxides  in  cold  concentrated  sulphuric 
acid  is  at  present  under  investigation. 

Experimental, 
Action  of  Heat  on  Benzene-  and  •p-Toluene-svl'phinyl  Chlorides. 

(a)  Five  grams  of  benzenesulphinic  acid  were  converted  to  the 
chloride  by  solution  in  ether  and  treatment  with  the  theoretical 
quantity  of  thionyl  chloride.  It  is  found  that  this  method  yields  a 
much  cleaner  product  than  the  course  formerly  pursued  of  allowing 
excess  of  thionyl  chloride  to  act  on  the  undissolved  acid  in  the  cold. 
The  ether  was  subsequently  evaporated,  and  the  residue  heated  on 
the  water-bath  for  about  an  hour,  when  abundant  evolution  of 
hydrogen  chloride  took  place.  At  the  end  of  this  period,  the  semi- 
solid product  was  extracted  several  times  with  boiling  alcohol,  after 
which  the  colourless,  insoluble  residue,  which  could  not  be  crys- 
tallised from  even  such  high  boiling  solvents  as  nitrobenzene  or 
aniline,  was  dried  at  130°  and  then  analysed : 

01023  gave  0-2186  COo  and  0-0321  H^O.     C  =  58-26;  H  =  3-49. 
CigHgOgSo  requires  0  =  5807;  H  =  3-23  per  cent. 

The  alcoholic  extract  was  found  to  contain  a  smaller  quantity  of 
diphenyl  disulphide,  melting  at  59°,  and  identified  with  that  sub- 
stance by  the  mixed  melting-point  method. 

(b)  Two  equal  portions  of  benzenesulphinic  acid  were  taken;  one 
was  converted  into  the  acid  chloride,  and  then  heated  with  the  other 
for  some  hours  in  boiling  chloroform  solution.  As  in  the  first 
instance,  a  large  amount  of  diphenylene  ip-disulphoxide,  together 
with  a  smaller  amount  of  diphenyl  disulphide,  was  obtained. 

(c)  Equal  weights  of  benzenesulphinyl  chloride  and  p-toluene- 
sulphinic  acid  were  heated  in  boiling  chloroform  for  some  time. 
After  the  evaporation  of  the  chloroform,  the  product,  which  was 
very  dark  coloured,  was  first  extracted  with  light  petroleum,  from 
which  on  evaporation  a  pale  yellow  oil  was  obtained,  which  was 
not  closely  examined,  but  appeared  to  be  phenyl-p-tolyl  disulphide 
(Otto  and  Rossing,  Ber.,  1886,  19,  3133).  The  residue  was  boiled 
with  alcohol  several  times  to  remove  tarry  by-products,  and  an 
insoluble  powder  was  thus  formed,  which  again  gave  analytical 
numbers  corresponding  with  diphenylene  p-disulphoxide. 

(d)  Five  grams  of  benzenesulphinic  acid  were  heated  for  an  hour 
with  an  amount  of  thionyl  chloride  in  slight  excess  of  that  necessary 
for  complete  conversion  to  the  acid  chloride.  The  usual  evolution  of 
hydrogen  chloride    occurred,  and  the   residue  was   extracted  with 
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boiling  light  petroleum,  which  removed  a  small  amount  of  diphenyl 
disulphide,  and  then  with  boiling  toluene,  from  which  there 
separated  a  quantity  of  a  white,  crystalline  substance,  melting  and 
decomposing  at  180°.     This  proved  to  be  a  monoxide  of  di'phenylent 

^-disulfhide,  CfYi.<^^2^Q^^. 

0-1161  gave  0-2673  COg  and  0-0398  HoO.     C  =  62-77 ;  H  =  3-80. 

0-1192     „     0-2712  CO2     „    0-0420  H2O.     0  =  62*04;  H  =  3-91. 
Ci^HgOSg  requires  C  =  62-07;   H  =  3-45  per  cent. 

For  comparison  with  this  compound  a  sample  of  the  monoxide  of 
diphenylene  o-disulphide  was  prepared  from  diphenylene  o-disulphide 
by  the  method  used  by  Pries  and  Volk  (loc.  cit.)  in  the  preparation 
of  the  monoxide  of  ditolylene  o-disulphide  from  ditolylene  o-di- 
sulphide. Two  grams  of  synthetic  diphenylene  o-disulphide,  melt- 
ing at  159°,  were  dissolved  in  glacial  acetic  acid,  and  dilute  nitric 
acid  (1 :  5)  was  added  until  a  turbidity  appeared.  The  solution 
was  set  aside  for  twenty-four  hours  at  the  ordinary  temperature, 
and  then  poured  into  water.  The  precipitate  was  collected  and 
crystallised  from  alcohol,  when  it  formed  colourless,  glistening 
prisms,  readily  soluble  in  glacial  acetic  acid,  benzene,  or  toluene, 
more  sparingly  so  in  alcohol,  and  melting  at  148° : 

0-1150  gave  0-2607  CO,  and  0-0369  H2O.     C  =  61-81 ;  H  =  3-57. 
CiaHgOSg  requires  C  =  62-07;  H  =  3-45  per  cent. 

(c)  On  similarly  heating  5  grams  of  p-toluenesulphinyl  chloride 
in  boiling  chloroform,  much  tarry  matter  was  produced,  and,  after 
evaporation  of  the  chloroform,  extraction  with  light  petroleum 
yielded  a  white,  crystalline  substance,  which  melted  at  74 — 76°,  and 
appeared  from  its  other  properties  to  be  di-jj-tolyl  disulphoxide. 
(Found,  C  =  61-06;  H  =  6-34.     Gale,  C  =  60-43;  H  =  6-04  per  cent.) 

The  residue  was  decolorised  by  repeated  boiling  with  alcohol, 
and  was  found  to  crystallise  from  boiling  toluene  in  small  prisms, 
which  melted  at  210—212°  (di-^tolyl  o-disulphone  melts  at  212°: 
Kohler  and  MacDonald,  Amer.  Chem.  J.,  1899,  22,  219;  221°: 
Hilditch,  Trans.,  1908,  93,  1524).  (Found,  0  =  53*20;  H  =  4-17; 
0  =  54-22;  H  =  5-49.     Oalc,  0  =  54-20;  H  =  4-52  per  cent.) 

No  trace  of  diphenylene  ^disulphide  derivatives  was  observed, 
and  it  would  appear  that,  the  para-position  being  already  occupied 
by  a  methyl  group,  the  reaction  had  taken  the  alternative  course  (i) 
referred  to  on  p.  2580,  in  the  presence  of  a  certain  amount  of  free 
sulphinic  acid  which  must  be  assumed  to  have  been  regenerated : 

/R-SOCl -h  R-SOjH  — >  R-SO'SOg-R  (intermediate  product) 
1  2R-S0-S0,-R  — >  R-SO-SO-R  +  R-SOo-SOs-R. 
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Action  of  Cold  Concentrated  Sulphuric  Acid  on  Benzenesulphinic 

A  cid. 

(a)  Two  grams  of  benzenesulphinic  acid  were  converted  to  the 
chloride  and  poured  into  cold  concentrated  sulphuric  acid. 
Hydrogen  chloride  was  immediately  disengaged  in  abundance 
throughout  the  solution  in  the  form  of  minute  bubbles,  and  after 
half  an  hour  at  the  ordinary  temperature,  the  reaction  mixture 
was  poured  on  crushed  ice.  The  solid  product  was  separated  and 
boiled  with  alcohol,  thus  removing  a  small  amount  of  diphenyl 
disulphoxide,  which  melted  at  45°.  The  residue  (diphenylene 
j7-disulphoxide)  was  dried  at  130°  and  analysed.  (Found,  C  =  58'22; 
H  =  3-35.     Calc,  C  =  5807;  H  =  3-23  per  cent.) 

(b)  Ten  grams  of  benzenesulphinic  acid  were  left  in  solution  in 
excess  of  cold  concentrated  sulphuric  acid.  The  mixture,  which 
was  at  first  colourless,  gradually  turned  purple,  and  was  eventually 
of  an  almost  black  hue.  On  pouring  into  a  large  bulk  of  cold 
water,  the  colour  entirely  disappeared,  and  a  granular,  cream- 
coloured,  solid  product  separated,  and  was  collected  and  dried  on 
a  porous  tile. 

The  whole  was  then  boiled  with  alcohol  under  reflux  for  a  time 
and  again  filtered;  from  the  alcoholic  filtrates  about  half  a  gram 
of  diphenyl  disulphoxide  was  obtained,  which  crystallised  from 
light  petroleum  in  characteristic,  wax-like  crystals,  melting  at  46°. 
(Found,  C  =  57-00;  H  =  4-20.     Calc,  C  =  57-60;  H  =  4-00  per  cent.) 

The  insoluble  part  of  the  product,  when  boiled  for  some  time  with 
alcohol,  lost  its  crystalline  appearance,  and  swelled  up  to  a  viscid, 
indiarubber-like  mass.  After  removing  the  alcohol,  however,  the 
substance  quickly  became  brittle  again,  and  appeared  gradually  to 
break  up  into  a  microcrystalline  powder  on  long  keeping.  This 
behaviour  was  also  noticed  with  all  the  previously-described  pre- 
parations of  diphenylene  ^^-disulphoxide,  and  also  with  the  sub- 
stituted derivatives  subsequently  mentioned. 

The  substance,  which  was  then  almost  pure,  was  further  sub- 
mitted to  two  different  methods  of  purification. 

(i)  A  portion  was  boiled  with  toluene  under  reflux  for  some  time, 
and  was  then  collected  and  dried  at  130°  for  some  hours  to  remove 
adsorbed  solvent  and  moisture,  which  was  otherwise  retained  remark- 
ably firmly.  Diphenylene  p-disulphoxide,  as  thus  prepared,  is  a 
cream-coloured  powder,  practically  insoluble  in  all  the  organic 
solvents  tried  (even  in  boiling  nitrobenzene  or  aniline),  but  dis- 
solving with  a  greenish-black  colour  in  concentrated  sulphuric  acid. 
It  commenced  to  soften  and  decompose  without  actually  melting  at 
305°: 
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0-1035  gave  0-2194  CO2  and  00298  H2O.     C-57-81;  H  =  3-17. 

CigHgOgSg  requires  C  =  58-07;  H  =  3-23  per  cent, 
(ii)  The  remainder  of  the  preparation  was  boiled  with  water  for 
two  hours,  and  then  collected  and  dried  at  130°  as  above: 
0-1353  gave  0-2685  CO2  and  0-0485  HgO.     C  =  54-12 ;  H  =  3-98. 
0-1292     „     0-2540  CO2     „    0-0401  HgO.     C  =  53-60 ;  H  =  3-45. 

CigHgOgSg^sO   requires  C  =  54-13;   H  =  3-76   per  cent. 
An  attempt  was  made  to  remove  this  molecule  of  water  by  pro- 
longed boiling  with  xylene,  but  a  subsequent  analysis  showed  that 
the   composition    of   the  product  had  not  been    altered.     (Found, 
C  =  53-34;  H  =  3-53.) 

Water  thus  firmly  attached  is  inconsistent  with  the  presence  of 
water  of  crystallisation,  and  it  can  only  be  surmised  that  some  such 
hydrate  formation  as  the  following  had  taken  place: 
-SO— ^.^  ^.^S(OH)~ 

-- >      I      I   o 


so \/  \/ S(OH) 

Oxidation  of  Difhenylene  p-Distdphoxide. 

Two  grams  of  diphenylene  jj-disulphoxide  were  boiled  for  eight 
hours  with  a  slight  excess  of  anhydrous  chromic  acid  in  glacial  acetic 
acid ;  oxidation  ensued,  and  the  hot  reaction  mixture  was  filtered, 
and  the  residue  washed  with  boiling  water  until  all  traces  of  green 
chromium  salts  were  removed,  and  then  with  boiling  alcohol;  an 
amorphous,  white  powder,  which  neither  melted  nor  changed  in 
appearance  below  350°,  was  left.  A  sample  dried  in  a  vacuum 
desiccator  was  analysed : 

0-0994  gave  0-1693  CO,  and  0-0362  HoO.     C  =  46-45;  H=4-05. 

0-1380     „     0-2343  GO2     „    0-0422  HoO.     C  =46-30 ;  H  =  3-40. 
Ci2H804S2,2H20  requires  0  =  4557;  H  =  3-80  per  cent. 

Reduction  of  Diphenylene  p-DisuIphoxide. 

(a)  Two  grams  of  hydrated  dioxide  were  heated  for  eight  hours 
with  5  grams  of  sulphur  at  150°;  this  process  reduces  the  ortho- 
disulphoxide  to  the  corresponding  disulphide  (Krafft  and  Lyons, 
loc.  cit.),  but  on  removal  of  excess  of  sulphur  by  means  of  carbon 
disulphide,  the  para-disulphoxide  was  found  to  have  been  un- 
attacked. 

(&)  Three  grams  of  the  dioxide  were  heated  under  pressure  at 
160 — 180°  with  1  gram  of  red  phosphorus  and  10  c.c.  of  hydriodic 
acid  (D  1'7).  Considerable  pressure  was  generated,  and  the  product 
was  poured  into  water  and  extracted  with  benzene.     A  large  pro- 
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portion  of  insoluble  matter  was  removed  by  filtration  of  the  whole 
of  the  liquid,  and  the  benzene  layer  was  then  dried  and  evaporated. 
It  yielded  a  small  amount  of  an  oil,  which  soon  crystallised,  and. 
when  purified  by  light  petroleum,  melted  at  61°;  analysis  confirmed 
the  supposition  that  this  was  diphenyl  disulphide.  (Found, 
C  =  6601;  H  =  5-01.     Calc,  C  =  66-06;  H  =  4*60  per  cent.) 

An  attempt  made  to  purify  the  insoluble  product,  which  was 
assumed  to  be  diphenylene  j^-disulphide,  by  sublimation,  led  to  the 
evolution  of  iodine  vapours,  and  further  experiments  showed  that 
the  substance  contained  chemically  bound  iodine  in  quantity. 
Analysis  proved  that  one  atom  of  iodine  was  present  in  each 
diphenylene  2>disulphide  residue,  but  as  the  compound  was  not  the 
desired  parent  substance  it  was  not  further  studied;  it  is  probably 
either  an  iododiphenylene  jj-disulphide  or  else  a  compound  of  the 
type  HS'CgH^'S'CgH^I,  formed  by  rupture  of  the  para-ring  system : 

0-1800  gave  0-2750  CO2  and  0-0516  H2O.     C  =  41-68;  H  =  3-18. 
CjoHySgl  requires  C  =  42-ll;  H  =  2-05  per  cent. 
C12H9S2I         „         C  =  41-86;  H  =  2-62 

Proof  of  the  Constitution  of  Diphenylene  ip-Disulphoxide. 

■  Six  grams  of  the  disulphoxide  were  ground  in  a  mortar  with  30 
grams  of  phosphorus  pentachloride,  and  heated  in  sealed  tubes  at 
220°  for  six  hours.  The  contents  of  the  tubes  were  poured  on  ice, 
and  subsequently  extracted  with  ether;  this  extract  was  dried,  the 
ether  evaporated,  and  the  residue  distilled  in  a  current  of  steam. 
The  aqueous  distillate  contained  an  oil  which  quickly  solidified  to  a 
mass  of  white  needles,  melting  at  53°,  and  possessing  the  character- 
istic odour  of  p-dichlorobenzene.  (Found,  C  =  48-60;  H  =  2-25. 
Calc,  C  =  48-98;  H  =  2-71  per  cent.) 

Since  both  0-  and  Tw-dichlorobenzene  are  liquids,  the  identity  of 
the  product  was  considered  to  be  satisfactorily  established. 

The  non-volatile  portion  of  the  product  was  extracted  with  ether 
and  shaken  with  dilute  sodium  hydroxide;  on  evaporation  of  the 
dried  ethereal  solution,  wax-like  and  not  very  well-defined  crystals 
separated,  melting  at  131—133°;  benzene-o-disulphonyl  chloride 
melts  at  105°;  the  7n-compound  at  63°;  and  the  p-compound  at 
132°.  (Found,  C  =  26-70;  H  =  l-26.  Calc,  C  =  26-18;  H  =  l-46  per 
rent.) 

The  compound  was  further  characterised  by  conversion  into  the 
sparingly  soluble  diamide,  which  formed  small,  hard  prisms,  and 
melted  at  295°.     The  ortho-compound  melts  at  233°,  the  meta    at 
228°,  and  the  para  at  288°.     (Found,  0  =  2992;  H^3-89      Calc 
C  =  30-51 ;  H  =  3-39  per  cent.) 
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Condensation  of  Phenyl  Mercaptan  in  Gold  Concentrated  Stdphuric 

Acid. 

Five  grams  of  phenyl  mercaptan  were  dissolved  in  concentrated 
sulphuric  acid  at  the  ordinary  temperature,  and  the  mixture 
vigorously  shaken  to  dissolve  the  crystalline  cake  of  diphenyl 
disulphide,  which  rapidly  formed.  After  twenty-four  hours,  the 
deep  purple-black  reaction  mixture  was  poured  into  a  large  bulk  of 
cold  water,  the  precipitate  collected,  dried,  and  extracted  suc- 
cessively with  boiling  light  petroleum  and  with  hot  alcohol.  The 
absence  of  any  solid  on  evaporation  of  the  former  solvent  proved 
that  no  disulphide  was  left  unattacked,  whilst  from  the  alcoholic 
filtrates  a  quantity  of  colourless,  crystalline  material  was  recovered, 
which,  after  further  purification  from  alcohol,  melted  at  156 — 159°. 
A  sample  mixed  with  some  pure  diphenylene  o-disulphide  possessed 
the  same  melting  point.  About  a  gram  of  diphenylene  o-disulphide, 
dissolving  in  concentrated  sulphuric  acid  to  a  characteristic  deep 
purple  solution,  was  thus  obtained.  (Found,  C  =  66"66;  H  =  4"54. 
Calc,  C  =  66-67;  H  =  3-70  per  cent.) 

About  3  grams  of  a  cream-coloured,  amorphous  powder,  insoluble 
in  boiling  alcohol,  were  left  from  the  above  extraction,  and  this  was 
boiled  with  acetic  acid  for  an  hour,  collected,  and  dried  at  130°. 
(Found,  C  =  67-04 ;  H  =  3-88.     Calc,  C  =  66-67 ;  H  =  3-70  per  cent.) 

Genvresse  (lac.  cit.)  states  that  diphenylene  p-disulphide  can  be 
purified  by  sublimation;  the  sample  under  consideration  was  sub- 
mitted to  purification  by  this  means,  but  did  not  sublime  sufficiently 
readily  for  any  quantity  of  the  purified  substance  to  be  so  isolated ; 
enough  was  obtained,  however,  in  minute,  white  needles  for  a 
determination  of  the  melting  point;  the  compound  melted  and 
decomposed  at  290 — 295°  (295°,  Genvresse).  Its  solution  in  con- 
centrated sulphuric  acid  was  of  a  greenish-black  hue. 

Condensation  of  Other  Aromatic  Sulphinic  Acids  in  Cold 
Concentrated  Sidphuric  Acid. 

(a)  p-ToluenestUphinic  Acid. — The  sulphinyl  chloride,  on  solution 
in  sulphuric  acid,  evolved  hydrogen  chloride  copiously,  and  gave  a 
greenish-brown  solution,  which  ultimately  became  deep  purple.  On 
pouring  into  cold  water,  no  p-disulphide  compound  was  obtained, 
and  only  a  very  small  amount  of  disulphoxide,  which  melted  at  76°. 

A  similar  result  was  obtained  from  the  condensation  of  the  free 
acid. 

(6)  p-Phenetolesulphinic  Acid. — The  acid  was  dissolved  in 
sulphuric  acid  in  the  usual  manner,  and  the  purple  reaction  mixture 
poured  into  water  after  a  considerable  time.     The  only  insoluble 
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product  was  a  quantity  of  di-p-phenetole  disulphoxide,  which  melted 
at  139°  (a  sample  of  the  disulphoxide  prepared  in  the  usual  way 
from  p-phenetolesulphinic  acid  melted  at  the  same  temperature). 

(c)  fi-Nafhthalenesid'phinic  Acid. — The  condensation  was  con- 
ducted as  usual ;  the  products  of  the  reaction  were  all  soluble  in  cold 
dilute  acid,  the  solution  being  very  deeply  coloured.  Neither 
derivatives  of  a  p-disulphide  nor  any  disulphoxide  could  be  detected. 

(d)  o-Toluenesidphinic  Acid. — On  separation  of  the  products  of 
condensation  in  sulphuric  acid  of  5  grams  of  o-toluenesulphinic 
acid,  it  was  found  that  rather  more  disulphoxide  derivative  had 
been  produced  than  in  the  other  cases.  The  di-o-tolyl  disulphoxide 
crystallised  from  acetone  in  short,  colourless  prisms,  melting  at 
97—98°.  (Found,  C  =  60-09 ;  H  =5-06.  Calc,  C  =  60-45;  H  =  5-04 
per  cent.) 

On  the  other  hand,  only  about  20  per  cent,  of  the  sulphinic  acid 
was  converted  into  ^'-disulphide  derivative  in  this  instance;  the 
ditolylene  ip-disidphoxide  was  a  soft,  colourless,  insoluble  powder, 
which  softened,  without  actually  melting,  at  280° : 

0-0909  gave  0-2004  COo  and  0-0375  HgO.     C  =  60-12 ;  H  =  4-58. 
C14H12O2S2  requires  0  =  6087;  H  =  4-35  per  cent. 

(e)  a-Naphthalenesulphinic  Acid. — The  amount  of  di-a-naphthyl 
disulphoxide  obtained  from  the  condensation  was  very  small;  it 
melted  at  104°.  A  tolerably  large  proportion  of  insoluble  matter 
resulted,  but  was  contaminated  by  the  presence  of  traces  of  dark- 
coloured  products,  even  after  prolonged  boiling  with  various  solvents. 
The  probably  still  somewhat  impure  dinaphthylene  p-disulphoxide 
finally  analysed  softened  at  275 — 280°,  and  commenced  to  char  at 
a  rather  higher  temperature: 

0-1902  gave  0-4760  COo  and  0-0730  HoO.     0  =  68-26;  H  =  4-26. 

O20H12O2S2  requires  0  =  6898;  H  =  3-45  per  cent. 
(/)  o-Carhoxyhenzenesvlphinic  Acid. — A  sample  of  this  acid  was 
also  submitted  to  the  condensation  in  concentrated  sulphuric  acid. 
The  dried  product  of  the  reaction  was  completely  soluble  in  hot 
alcohol,  no  p-disulphide  compounds  having  therefore  been  produced. 
From  the  alcoholic  solution,  pale  yellow  crystals  of  di-o-carhoxy- 
phenyl  disulphoxide,  melting  at  228°,  separated;  the  total  amount 
of  this  product  corresponded  with  about  10  per  cent,  of  the  original 
sulphinic  acid  employed : 

0-1546  gave  02808  OOo  and  00444  H2O.     0  =  49*52;  H  =  3-20. 
O^HioOeSo  requires  0  =  49*71;  H  =  2-96  per  cent. 
The  Oroanic  Chkmistry  Laboratory, 
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CCLXV. — A-fi-Aminoethylglyoxaline    (^-Iminazolylethyl- 
amine)  and  the  other  Active  Principles  of  Ergot* 

By  George  Barger  and  Henry  Hallett  Dale. 

For  many  years  ergot  has  been  notorious  among  drugs  on  account 
of  the  ignorance  and  division  of  opinion  concerning  the  nature  of 
its  active  principles.  The  problem  had,  indeed,  approached  solution 
in  1875,  with  Tanret's  discovery  of  ergotinine  and  Buchheim's 
suggestion  that  ergot  owes  its  activity  to  decomposition  products  of 
proteins  produced  by  putrefaction.  This  discovery  and  suggestion 
were  largely  obscured  by  the  work  of  subsequent  investigators,  which 
resulted  rather  in  the  physiological  characterisation  of  impure 
products  (sphacelinic  acid,  sphacelotoxin,  etc.)  than  in  chemical 
isolation  of  active  principles. 

Of  late  years,  however,  a  considerable  measure  of  agreement  has 
been  reached.  The  alkaloid  ergotoxine  (Barger  and  Carr)  was  also 
found  by  Kraft,  who  named  it  hydroergotinine,  and  the  formulae 
assigned  to  ergotinine  and  ergotoxine  (Trans.,  1907,  91,  337)  have 
been  confirmed  by  Tanret  and  by  Kraft  respectively.  There  is  also 
a  consensus  of  opinion  regarding  the  effect  of  ergotoxine  on  the 
blood-vessels  and  uterus,  and  its  activity  in  producing  gangrene. 

Thus  ergot,  in  common  with  many  drugs,  contains  a  complex 
physiologically  active  alkaloid.  In  addition,  however,  *  there  are 
present  in  ergot  a  number  of  simpler  bases,  derived  from  amino- 
acids  by  the  elimination  of  carbon  dioxide.  Such  bases  are 
generally  formed  in  putrefaction.  Ergot,  as  a  fungus,  is  more 
closely  related  to  bacteria  than  to  the  higher  plants,  from  which 
all  other  important  vegetable  drugs  are  derived.  Thus  the  peculiar 
nature  of  these  active  principles  of  ergot  is  due  to  its  peculiar 
systematic  position  in  the  vegetable  kingdom. 

Putrefaction  bases  were  first  isolated  from  ergot  by  Rielander 
{Sitzrmgsher.  Ges.  Naturw.  Marburg,  August  5th,  1908),  who  found 
putrescine  and  cadaverine,  which  only  have  a  feeble  pliysiological 
action.  The  first  markedly  active  base  of  this  class,  p-hydroxy- 
phenylethylamine,  was  isolated  from  ergot  by  ourselves  (Barger 
and  Dale,  Proc.  Physiol.  Soc,  May  15th,  1909,  in  /.  Physiol.,  1909, 
38,  Ixxvii;  Barger,  Trans.,  1909,  95,  1123).  It  is  formed  from 
tyrosine  during  putrefaction,  but  appears  to  be  present  also  in 
fresh  ergot.  It  is  the  chief  pressor  constituent  of  most  aqueous 
ergot  extracts,  but  does  not  produce  contraction  of  the  isolated 
uterus  of  the  non-pregnant  cat.  In  addition,  we  showed  that  iso- 
*  A  preliminary  note  on  this  subject  was  read  at  the  meeting  of  May  26th,  1910. 
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amylamine  (from  leucine)  is  probably  present  in  ergot,  but  in  such 
proportion  that  it  makes  no  significant  contribution  to  the 
physiological  action. 

After  the  isolation  of  ^^hydroxyphenylethylamine,  there  still 
remained  unaccounted  for  the  powerful  action  of  certain  aqueous 
ergot  extracts  in  producing  contraction  of  the  isolated  uterus,  even 
of  the  non-pregnant  cat,  as  observed  by  Kehrer.  Since  it  was  found 
quite  impossible  to  remove  the  active  substance  from  aqueous 
solution  by  means  of  organic  solvents,  a  precipitation  method  had 
to  be  employed,  and  the  ergot  extract  was  subjected  to  the  process 
worked  out  by  Kutscher  for  the  isolation  of  bases  from  meat 
extract.  In  this  way  we  obtained  a  minute  quantity  of  a  crystalline 
picrate  which  gave  Pauly's  reaction  with  ^-diazobenzenesulphonic 
acid,  and  exhibited  in  an  intense  degree  the  physiological  action  in 
question.  It  was  not  histidine  picrate,  for  histidine  was  found  to 
be  inert;  we  therefore  supposed  it  to  be  the  picrate  of  4-i8-amino- 
ethylglyoxaline  ()8-iminazolylethylamine),  the  base  which  would 
result  from  histidine  by  the  loss  of  carbon  dioxide : 

and  we  confirmed  this  supposition  by  chemical  and  physiological 
comparison  with  a  specimen  of  4-/3-aminoethylglyoxaline,  very  kindly 
sent  us  at  our  request  by  Dr.  D.  Ackermann,  who  a  short  time 
before  had  obtained  this  base  by  the  putrefaction  of  histidine 
(Zeitsch.  phi/siol.  Chem.,  1910,  65,  504).  Simultaneously  with  our- 
selves, Kutscher  {Zentr.  Physiol.,  1910,  24,  163)  obtained  a  very 
active  base  from  ergot,  which  he  considered  to  be  closely  related  to 
4-^-aminoethylglyoxaline,  although  not  identical  with  it,  on  account 
of  a  supposed  difference  in  the  physiological  action  of  the  two  bases. 
It  has,  however,  recently  been  shown  that  the  differences  in 
physiological  action  observed  by  Kutscher  were  presumably  due  to 
differences  in  the  animals  employed.  One  and  the  same  base, 
whether  from  ergot  or  from  histidine,  can  be  made  to  produce  the 
different  effects  described  by  Kutscher.  On  the  other  hand,  the 
base  from  ergot  and  that  from  histidine,  when  tested  successively  on 
the  same  animal,  gave  identical  effects.  We  have  also  analysed  the 
picrate  of  the  base  from  ergot,  and  have  compared  it  and  the 
picrolonate  with  the  corresponding  salts  of  4-i8-aminoethylglyoxaline 
(from  histidine).  As  a  result,  we  maintain  our  original  conclusion 
(Proc,  1910,  26,  128)  that,  contrary  to  Kutscher  s  view,  the  base 
in  question  is  identical  with  4-j8-aminoethylglyoxaline.  It  is  there- 
fore the  second  active  principle  of  ergot  belonging  to  the  class  of 
putrefaction  bases  derived  from  amino-acids.  Its  physiological 
activity  is  very  great.     A  marked  contraction  of  the  isolated  uterus 
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is  produced  by  adding  to  the  bath  sufficient  of  the  base  to  give  a 
concentration  of  one  part  in  25  million  parts  of  Ringer's  solution ; 
the  effect  of  one  part  in  250  millions  is  often  quite  definite. 

A  third  active  principle  of  this  class  was  quite  recently  found  in 
ergot  by  Engeland  and  Kutscher  {Zentr.  Physiol.,  1910,  24,  479). 
This  is  agmatine,  NH2-C(:NH)-NH-CH2-CH2-CH2-CH2-NH2,  dis- 
covered in  herring  roe  by  Kossel  {Zeitsch.  physiol.  Chem.,  1910, 
66,  257).  Its  relation  to  arginine  is  analogous  to  that  of  4-i3-amino- 
ethylglyoxaline  to  histidine,  and  it  is  said  to  have  a  similar  action 
on  the  uterus. 

Experimental. 

Among  the  ergot  preparations  examined  by  Kehrer,  the  ergotinum 
dialysatum  of  Wernich  is  one  of  the  most  potent.     We  soon  found, 
in  making  this  extract  on  a  small  scale,  that  the  activity  of  the 
substance   which  passed  through    the   dialysing  membrane    finally 
exceeded  that  of  the  original  extract,  suggesting  that  more  of  the 
active  principle  was  being  formed  by  an  enzyme  or  by  bacteria. 
The  active   principle  is,    however,  also   present  in   perfectly   fresh 
ergot,  for  the  physiological  effect  was  produced  by  a  sample  of  ergot 
grown  by  ourselves  and  tested  within  half  an  hour  of  plucking. 
The  effect  was   also  produced  to  a  smaller   extent  by  commercial 
extracts  of  meat   and   of   yeast,  and   this  observation   led   to  the 
adoption  of  Kutscher's  method  for  the  isolation  of  bases  from  meat 
extract.     To  500  c.c.  of  commercial  dialysed  ergot  extract,  500  c.c. 
of  a  20  per  cent,  tannin  solution  were  added,  which  quantity  just 
ensured  complete  precipitation;    next   day  the   clear,  supernatant 
liquid  was   decanted,   and  freed  from   tannin   by  the   addition   of 
barium  hydroxide;  after  filtration,  the  excess  of  barium  hydroxide 
was  removed  by  dilute  sulphuric  acid,  and  the  excess  of  sulphuric 
acid,  together  with  the  last  traces  of  tannin,  were  precipitated  by 
adding   a   suspension  of   freshly  prepared  lead   hydroxide.     After 
filtration,  the  liquid  was  concentrated  to  300  c.c,  and  acidified  with 
phosphoric  acid.     After  adding  excess  of  silver  nitrate  (400  c.c.  of 
a  20  per  cent,  solution)  and  filtering,  we  found  that  the  whole  of 
the  active  substance  was  in  the  filtrate.     To  the  latter,  150  c.c.  more 
silver  nitrate  were  added,  when  a  drop  of  the  solution  at  once  pro- 
duced a  brown  precipitate  of  silver  oxide  on  mixing  with  barium 
hydroxide.     The  whole  of  the  solution  was  then  precipitated  with 
barium  hydroxide,  until  a  sample,  on  filtration,  gave  only  a  slight 
opalescence  with  ammoniacal  silver  nitrate.     This  precipitate  (silver 
II  of  Kutscher's  method)  in  one  preliminary  experiment  contained 
nearly  the  whole  of  the  active  substance,  but  afterwards  it  was  found 
convenient   to    add    at   once  to  the  filtrate    from    the    first  silver 
precipitate  enough    barium  hydroxide  for   complete   precipitation, 
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thus      collecting      together      silver     precipitates    II    and    III    of 
Kutscher. 

After  washing,  the  silver  precipitate  was  carefully  suspended  in 
very  dilute  sulphuric  acid,  and  decomposed  by  hydrogen  sulphide. 
The  filtrate  from  the  silver  sulphide  was  freed  from  hydrogen 
sulphide,  neutralised,  and  evaporated  to  dryness.  The  residue  was 
extracted  several  times  with  hot  ethyl  alcohol,  in  which  the  active 
principle  was-  found  to  be  sparingly  soluble ;  a  large  quantity  of  inert 
matter  was  left  behind.  The  residue  remaining  on  evaporating  the 
alcoholic  solution  was  dissolved  in  a  little  water,  and  a  hot  saturated 
aqueous  solution  of  picric  acid  was  added.  After  keeping  for  some 
days,  a  brown,  imperfectly  crystalline  picrate  was  collected,  washed, 
and  recrystalHsed  from  water.  This  picrate  was  converted  into  a 
solution  of  the  hydrochloride,  which  was  very  active  physiologically, 
and  gave  an  intense  red  coloration  with  sodium  p-diazobenzene- 
sulphonate  (Pauly's  reaction),  suggesting  a  relationship  to  histidine. 
We  had  previously  detected  some  activity  in  the  crude  histidine 
mother  liquors  obtained  by  hydrolysis  of  haemoglobin  with  hydro- 
chloric acid ;  histidine  itself  was  found  to  be  inactive,  but  it  became 
so  to  a  slight  extent  on  heating  to  300°.  We  were  thus  led  to 
suppose  that  the  picrate  we  had  isolated  was  that  of  4-)8-amino- 
ethylglyoxaline.  After  two  crystallisations  from  water,  the  picrate 
from  ergot  formed  dark  yellow,  rhombic  plates,  melting  and  decom- 
posing at  234 — 235°.  A  specimen  of  the  picrate  sent  us  by  Dr.  D. 
Ackermann,  when  heated  simultaneously  in  a  tube  attached  to  the 
same  thermometer,  also  melted  at  234 — 235°,  and  when  recrystallised 
by  evaporation  of  the  solution  in  a  desiccator,  yielded  rhombic 
plates  exactly  similar  to  those  of  the  ergot  base.  Windaus  and  Vogt 
{Ber.,  1907,  40,  3695)  give  the  melting  point  as  239°  on  rapid 
heating,  and  the  same  crystalline  form  for  a  synthetic  specimen  of 
4-)3-aminoethylglyoxaline  dipicrate.  For  analysis,  the  picrate  was 
dried  at  100°  until  constant: 

00590  gave  0-0776  COg  and  00192  H2O.     C  =  35'8;  H  =  3-6. 
C5H9N3(C6H307N3)2  requires  0  =  358;  H  =  2-6  per  cent. 

We  also  prepared  the  very  sparingly  soluble  picrolonate  of  the 
ergot  base;  it  decomposed  at  261°  (Windaus  and  Vogt  give  266°  for 
4-)3-aminoethylglyoxaline  dipicrolonate). 

As  the  physiological  action  of  the  ergot  base  is  also  the  same  as 
that  of  4-/3-aminoethyIglyoxaline,  there  is  no  room  for  doubt  that 
the  two  bases  are  identical. 

Thr  \\>.i,i,«omk  Physio!,ooicai-  Rksearch  Laroh ATokIKs. 
Rrockwkll  Hall,  Hbknk  Hill,  S.K 
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CCLXVL — Viscosity  and  Association.     Part  I.       Asso- 
ciation of  the  Phenols. 
By  Ferdinand  Bernard  Thole. 

A  STUDY  of  the  literature  on  the  subject  of  viscometry  shows  the 
existence  of  much  evidence  which  indicates  that  association  is 
accompanied  by  a  considerable  augmentation  of  viscosity  (compare 
Dunstan  and  Thole,  Trans.,  1909,  95,  1556). 

On  the  other  hand,  in  a  paper  published  by  Jones  and  Veazey 
(Amer.  Chem.  J.,  1907,  37,  405),  it  was  suggested  that  the  depression 
of  the  degree  of  association  of  a  liquid  is  accompanied  by  an  increase 
in  its  viscosity.  The  increase  in  viscosity  produced  when  alcohols 
are  dissolved  in  water  was  explained  by  these  authors  as  being  due 
to  a  diminution  of  the  association  of  each  component,  resulting  in 
an  increase  in  the  number  of  non-associated  molecules,  and  therefore 
of  the  available  frictional  surface.  From  a  study  of  the  viscosity- 
concentration  curves  for  aqueous  solutions  of  many  inorganic  salts, 
they  also  concluded  that  ions  of  large  atomic  volume,  such  as 
potassium,  rubidium,  and  csesium,  give  rise  to  the  phenomenon  of 
negative  viscosity. 

Since  the  relative  degree  of  association  of  many  phenols  and  their 
derivatives  has  been  investigated  by  using  a  variety  of  physical 
methods,  particularly  cryoscopy,  specific  inductivity,  and  capillarity, 
it  was  considered  of  interest  to  compare  the  results  obtained  by 
viscometric  methods  with  those  determined  by  other  physical 
methods. 

Pinette  (Annalen,  1888,  243,  32)  showed  that  the  boiling  points 
of  the  phenols  are,  in  general,  higher  than  those  of  their  methyl 
ethers,  and  that  ortho-substituted  phenols  boil  at  a  lower  tem- 
perature than  their  meta-  and  para-isomerides.  The  current  ideas 
concerning  association  and  steric  hindrance  are  in  accordance  with 
these  results,  assuming  the  boiling  points  of  similarly  constituted 
compounds  to  vary  in  the  same  sense  as  the  molecular  weights. 

Aston  and  Ramsay  (Trans.,  1894,  65,  168),  by  measurement  of 
the  molecular  surface  energy  of  phenol,  concluded  that  it  was  con- 
siderably associated. 

Auwers  (Ber.,  1895,  28,  2878)  carried  out  a  very  comprehensive 
series  of  cryoscopic  investigations  of  the  molecular  weights  of  various 
phenols  in  naphthalene  solution.  He  showed  that  whilst  phenol 
is  considerably  associated,  ortho-substituted  phenols  are  practically 
unassociated,  the  association  increasing  to  a  maximum  with  the  para- 
compounds.     Meta-substituted  phenols  are  associated  to  an  inter- 


ASSOCIATION   OF   THE   PHENOLS.  2597 

mediate  degree,  but  approximate  more  nearly  to  the  para-series. 
In  the  ortho-series,  the  aldehyde  group  has  the  greatest  effect  in 
inhibiting  association ;  then,  in  order,  follow  the  carbethoxyl,  nitro-, 
halogen,  and  finally  alkyl  groups. 

Speranski  (Zeitsch.  'physikal.  Chem.,  1903,  46,  70)  determined  the 
vapour  pressures  of  solid  solutions  of  j8-naphthol  in  naphthalene, 
and  concluded  that  the  former  compound  is  associated. 

Philip  and  Haynes  (Trans.,  1905,  87,  998)  measured  the  dielectric 
constants  of  phenol,  its  methyl  and  ethyl  ethers,  and  of  the  cresols 
in  benzene  and  in  7/i-xylene  solutions.  Their  results  indicate  that, 
whilst  the  ethers  are  unassociated,  phenol  and  the  cresols  are 
distinctly  associated,  o-cresol  to  the  least  extent. 

Hewitt  and  Winmill  (Trans.,  1907,  91,  441),  using  the  capillarity 
method  of  Ramsay  and  Shields,  studied  the  association  of  a  con- 
siderable number  of  substituted  phenols  and  allied  substances. 
Their  results  are  included  in  table  I,  and  show  that  the  phenols  in 
general  are  associated,  the  association  being  least  in  the  ortho-series. 
Considerable  depression  of  association  is  produced  by  the 
carbethoxyl,  nitro-,  and  halogen  groups,  but  alkyl  groups  only  exert 
a  slight  influence.  Benzyl  alcohol  was  shown  to  be  associated,  but 
the  introduction  of  phenyl  groups  inhibits  this  to  such  an  extent 
that  benzhydrol  and  triphenylcarbinol  are  practically  unassociated. 
It  appears  uncertain  whether  substitution  in  the  meta-  or  para- 
positions  has  the  greater  effect,  the  results  on  this  point  being 
indecisive.  It  seems  to  the  author,  however,  that,  although  the 
capillarity  method  will  show  satisfactorily  whether  or  no  a  substance 
is  associated,  little  trust  can  be  placed  in  figures  indicating  the 
actual  degree  of  association,  for  in  a  mixture  one  is  not  entitled  to 
assume  that  the  constitution  of  the  surface  layer  is  typical  of  that 
of  the  bulk  of  the  liquid,  and  associated  liquids  may  fairly  be 
regarded  as  mixtures  of  molecular  aggregates  and  simple  molecules 

Experimental. 

As  the  apparatus  used  has  been  considerably  modified  with  a  view 
to  increased  accuracy  since  it  was  previously  described  by  the  author 
(this  vol.,  p.  1251),  a  somewhat  detailed  account  of  the  viscometer 
and  the  accompanying  fittings  may  be  of  interest. 

The  viscometer  was  of  the  original  Ostwald  type,  but  was  provided 
with  four  etched  marks  instaad  of  two.  Guard  tubes  were  also 
attached  to  the  two  limbs,  and  were  provided  with  bulbs,  which 
contained  cotton  wool  moistened  with  the  liquid  under  investigation. 
By  adopting  this  precaution,  volatile  liquids,  such  as  acetone  and 
benzene,  may  be  safely  used  as  solvents.  The  dimensions  of  the 
viscometer  may,  of  course,  be  varied,  according  to  the  quantity  and 
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nature  of  the  liquid  used.  For  the  present  research,  the  bulbs 
A  and  B  contained  approximately  3  and  5  c.c.  of  liquid  respec- 
tively. The  length  of  the  capillary  was  8  cm.,  and  the  diameter 
0-025  cm. 

Before  use  the  viscometer  was  cleaned  successively  with  hot 
chromic  acid  mixture,  hot  absolute  alcohol,  and  boiling,  filtered 
conductivity  water.  Finally,  it  was  dried  in  a  current  of  warm 
dust-free  air.  Every  precaution  is  necessary  to  avoid  the  intro- 
duction of  dust,  as  this  will  inevitably  choke  the  capillary. 

The  clean,  dry  viscometer  was  suspended  by  means  of  a  carrier 

provided  with  spring  clips  in  a  copper  thermostat  fitted  with  large 

windows   front    and    back.      In 
C  C 

this  bath   were   fixed    a    stirrer 

connected  with  a  small  hotr-air 
motor,  a  standard  thermometer, 
a  Beckmann  thermometer  gra- 
duated to  0'01°,  and  a  Lowry 
thermoregulator  of  the  "  spiral  " 
pattern.  The  determinations 
were  carried  out  in  a  laboratory 
allocated  for  the  purpose,  and 
the  variation  of  temperature  of 
the  thermostat  did  not  exceed 
0-02°. 

The  liquid  was  filtered  or, 
whenever  possible,  distilled  into 
the  viscometer,  and  after  the 
apparatus  had  remained  in  the 
thermostat  for  ten  minutes,  the 
level  of  the  liquid  was  adjusted 
to  the  marks  c  and  d.  Cotton 
wool  contained  in  the  guard 
tubes  cc  was  moistened  with  the  liquid,  the  tubes  attached,  the 
viscometer  accurately  adjusted  to  a  vertical  position  by  means  of 
three  plumb  lines,  and  the  time  of  flow  of  the  liquid  from  a  to  b 
measured  in  the  usual  way.  A  stop  watch,  reading  to  0'2  second, 
was  used.  Usually  about  seven  observations,  differing  by  not  more 
than  05  second,  were  made,  and  the  mean  was  taken. 

The  densities  were  determined  in  a  Sprengel  pyknometer  of  5  c.c. 
capacity,  and  in  the  case  of  phenol  and  2^chlorophenol  in  a  10  c.c. 
specific  gravity  bottle.  Each  estimation  was  repeated  until  con- 
cordant results  were  obtained,  and  a  correction  was  introduced  for 
the  weight  of  displaced  air. 

The  constants  of  the  instruments  were  determined  from  time  to 
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time,  using  conductivity  water.     The  values  adopted  for  the  viscosity 
of  water  were  those  determined  by  Thorpe  and  Rodger. 

For  the  two  determinations  at  130°,  the  ordinary  thermostat  was 
replaced  by  a  large  beaker  filled  with  heavy  petroleum  and  heated 
by  a  small  burner.  The  temperature  was  regulated  by  hand,  the 
maximum  fluctuation  being  0*2°. 

The  substances  used  in  the  research  were  carefully  purified  by 
repeated  fractionation  with  a  rod-and-disk  column  or  by  re- 
crystallisation.  In  no  case  did  the  liquid  used  for  the  determination 
boil  over  a  greater  range  than  0'2°.  Unless  otherwise  stated,  the 
fraction  used  boiled  constantly.  The  source  and  method  of  purifi- 
cation of  the  materials  is  indicated  below. 

Phenol. — Kahlbaum's  "  synthetic  "  phenol.  Fractionated  three 
times. 

Anisole. — The  specimen  used  was  obtained  from  a  large  quantity 
of  the  carefully  dried  ether. 

Fhenetole. — Purified  in  the  same  way  as  anisole. 

Phenyl  Acetate. — Prepared  from  synthetic  phenol  and  acetic 
anhydride.     The  specimen  was  free  from  phenol  and  acetic  acid. 

Cresols. — Schuchardt's  purest  products,  fractionated  three  times. 

Tolyl  Methyl  Ethers. — Carefully  dried  and  fractionated. 

o-Chlorophenol. — Fractionated  three  times  from  a  specimen  sup- 
plied by  Kahlbaum. 

m-Chlorophenol. — Purified  by  freezing  out  and  subsequent  frac- 
tionation.    The  specimen  boiled  within  0'2°. 

p-Chlorophenol. — Purified  by  freezing  out  and  subsequent  frac- 
tionation. 

o-Nitrophenol. — Three  times  distilled  in  a  current  of  steam,  and 
finally  recrystallised  from  absolute  methyl  alcohol. 

m-Nitrophenol. — Twice  recrystallised  from  pure  benzene,  and 
dried  in  a  vacuum  over  paraffin  wax. 

p-Nitrophenol. — Freed  from  traces  of  the  ortho-isomeride  by 
means  of  a  current  of  steam,  twice  recrystallised  from  dilute  hydro- 
chloric acid,  and  dried  in  a  vacuum  over  potassium  hydroxide. 

Ethyl  Salicylate. — Fractionated  three  times  from  a  quantity  of 
the  pure  ester. 

Ethyl  rn-Flydroxybemoate. — Twice  recrystallised  from  pure 
benzene,  and  dried  in  a  vacuum  over  paraffin  wax. 

Ethyl  ^-Hydroxyhemoate. — Twice  recrystallised  from  absolute 
alcohol. 

Salicylaldehyde. — Fractionated   twice. 

Benzyl  Alcohol. — Prepared  from  re-distilled  benzaldehyde  by  the 
Cannizzaro  reaction,  and  fractionated  three  times.  The  specimen 
used  boiled  within  02°. 
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Benzyl  Acetate. — Fractionated  three  times. 

Benzyl  Methyl  Ether. — Prepared  from  pure  benzyl  chloride  and 
methyl-alcoholic  sodium  methoxide.  The  specimen  was  free  from 
halogen  and  from  methyl  alcohol. 

Benzhydrol. — Prepared  from  re-distilled  benzaldehyde  and 
magnesium  phenyl  bromide,  and  crystallised  several  times  from  light 
petroleum. 

Triphenylcarhinol. — Recrystallised  from  benzene. 

o-  and  P-Naphthols. — Fractionated  from  Schuchardt's  purest 
products. 

Amyl  Acetate. — A  large  quantity  of  Kahlbaum's  purest  product 
was  twice  fractionated.     It  boiled  within  0'5°. 

Ethyl  Alcohol. — Kahlbaum's  absolute  alcohol  was  fractionally 
distilled  over  cleaned  calcium  turnings. 

As  the  differences  of  viscosity  are  most  marked  in  the  case  of  the 
pure  substances,  the  viscosities  of  all  those  which  are  liquid  at  45° 
were  measured  at  this  temperature.  Since  some  of  the  compounds 
it  was  desirable  to  investigate  are  solid  at  this  temperature,  solutions 
of  these  substances  had  to  be  used. 

Some  care  had  to  be  exercised  in  the  choice  of  a  solvent  whicli 
would  have  the  least  dissociating  effect  and  at  the  same  time  would 
readily  dissolve  the  substances,  which  would  have  a  low  vapour 
tension  (to  minimise  errors  due  to  evaporation),  and  could  easily 
be  obtained  in  a  fairly  pure  state.  Amyl  acetate  was  finally  chosen 
as  fulfilling  these  conditions  most  nearly. 

The  solutions  used  were  of  equimolecular  strength,  1/ 100th  of 
a  gram-molecular  weight  of  the  substance  being  accurately  weighed 
into  a  stoppered  weighing  bottle,  and  dissolved  in  6  c.c.  of  amyl 
acetate,  which  was  run  in  from  a  suitably  graduated  pipette. 

In  two  instances  (with  ethyl  p-hydroxybenzoate  and  triphenyl- 
carbinol),  it  was  found  impossible  to  prepare  solutions  of  this 
strength,  and  in  these  cases  the  viscosities  of  several  solutions  of 
lower  concentration  were  determined,  the  value  for  the  stronger 
solution  being  obtained  by  extrapolation.  Although  the  accuracy 
of  these  results  may  not  be  of  the  same  order  as  in  the  direct 
determinations,  the  qualitative  nature  of  the  results  is  not  affected. 

It  has  been  shown  (Dunstan  and  Wilson,  Trans.,  1907,  91,  83; 
Getman,  Amer.  Ghem.  J.,  1903,  30,  1077)   that  the  value  of  the 

expression  =^--^ — r-  x  10^  indicates  to  some  extent  the  existence  of 
^  Mol.  vol. 

association  in  a  liquid.     For  each  particular  series  of  compounds, 

this  quantity  is  approximately    constant,    and    for   non-associated 

liquids  does  not  exceed  60.    The  values  for  hydroxylated  liquids  are, 

however,  much  higher,  those  for  water,  ethyl  alcohol,  and  ethylene 
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glycol  being  respectively  494,  193,  and  2750,  and  the  variation  of  the 
value  of  this  expression  is  a  very  sensitive  indication  of  association. 
The  values  for  each  of  the  substances  investigated  is  given  in  the 
tables,  and  affords,  perhaps,  the  best  means  of  comparing  the  results. 
It  should  be  noted,  however,  that  this  value  is  affected  to  some 
extent  by  symmetry  as  vrell  as  by  association.  This  is  seen  in  the 
case  of  the  tolyl  methyl  ethers,  and  more  particularly  in  the  case 


of  benzyl  methyl  ether,  where  the  value  of 


X  10^  is  slightly 


Mol.  vol. 

higher  than  the  mean  figure  for  the  unassociated  ethers,  probably 
owing  to  the  comparatively  long  side-chain. 


Mol. 


Table  I. 
The  Pure  Substances  at  45°. 


Time  of  flow 

Substance.  in  seconds.  Density.  Viscosity. 

Phenol  837-2  1055  004036 

Phenyl  acetate 374"2  1-052  0-01799 

Anisole 167-0  09707  0007409 

Phenetole 191-4  0*9427  0-008249 

p-Chlorophenol    1044-8  1-260  006018 

m-Chlorophenol  8'26-9  1  249  0-04722 

o-Chlorophenol    406  7  1-210  0  02250 

p-Cresol    ...  1208-8  I'Olo  005607 

7«-Cresol   1091-3  1-014  005057 

o-Cresol 7427  l-0'27  0-03506 

m-Tolyl  methyl  ether  2006  0-9546  0-008753 

0- Tolyl  methyl  ether  193  7  0  9589  0-008491 

p-Tolyl  methyl  ether  1858  0-9497  0008064 

o-Xitrophenol 433-5  1-183  002343 

Ethyl  salicylate  350-5  1-106  001772 

Salicylaldehyde  320-1  1-141  001669 

Benzyl  alcohol 640-5  1027  003008 

Benzyl  acetate 296-5  1-033  0-01399 

Benzyl  methyl  ether  2336  0-96*24  001028 

)8-Naphthol  (at  130°)  376-0  —               — 

o-Xaphthol  (at  130°)  312-6  —               — 


vol. 

453  0 

136-0 

66-6 

63-8 

590-0 

459-0 

2120 

5-27  0 

475-0 

333-0 

68-5 

667 

62-8 

199-0 

118-0 

1560 

286-0 

96-3 

811 


xlO« 


Hewitt 

and 

Winmill's 

association 

constants. 

1-3 


•22 

•49 

•0 

•62 

•48 

•12 


0  84 
0-9 

1-66 


Table  II. 
Solutions  in  Amyl  Acetate  at  25^ 


Time  of  flow 

Substance.  in  seconds. 

Amyl  acetate   201-4 

Phenol 267-1 

Anisole 202  -0 

.Phenyl  acetate    223*3 

Phenetole    209-6 

;>-Chlorophenol   296^9 

wj-Chlorophenol 290-3 

o-Chloropnenol   281"1 


Density, 

0^8659 
0-8951 
0-8856 
0*9033 
0-8829 
0-9-289 
0-9274 
0-9254 


Viscosity. 

0-0C8055 
0-01105 
0  008-265 
0009319 
0-008550 
0-01-270 
001244 
0  01202 


Mol.  vol. 

105  0 
67-8 
61-9 
61-4 
91-8 
89-8 
86-5 


xlO«. 
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Table  II.  (contintied). 
Solutions  in  Amyl  Acetate  at  25°. 


Time  of  flow 

Substance.  in  seconds. 

^-Cresol    283-4 

o-Cresol    281-3 

m-Cresol  282-9 

m-Tolyl  methyl  ether    214*9 

o-Tolyl  methyl  ether  21  r7 

j5-Tolyl  methyl  ether 210-6 

^-Nitrophenol 358-5 

?ft-Nitrophenol    331-1 

o-Nitrophenol 242-9 

*Ethyl^-hydroxybenzoate  ...  — 

Ethyl  m-hydroxybenzoate  ..  370-9 

Ethyl  salicylate  246-3 

Benzyl  alcohol    250-6 

Benzhjdrol 351-4 

*Triphenylcarbinol  — 

Benzyl  methyl  ether 207-8 

Benzyl  acetate 233-6 

)8-Naphthol 3755 

a-Naphthol 371-2 


Density.     Viscosity.    MoI.   vol.  ^  ^^^' 


8931 

8964 

8928 

8847 

8853 

8840 

9440 

9418 

9365 

931 

9261 

9184 

8943 

9212 

97 

8832 

9023 

9210 

9031 


01169 

01165 

01167 

008784 

008659 

008602 

01564 

01449 

01051 

0166 

01587 

01045 

01035 

01496 

0190 

008479 

009738 

01598 

01549 


96 
96 
96 
63 
62 
62 

106 
98 
70 
93 
88 
57 
85 
74 
70 
61 
58 

102 
97 


By  extrapolation. 


Table  III. 

The  Ghlorophenols  in  Ethyl  Alcohol  at  25°. 

Time  of  flow  »j 

Substance.  in  seconds.  Density.  Viscosity.      Mol.  vol 

Alcohol 309-2  0-7876  0-01125  '— " 

jp-Chlorophenol 364-0  0-8646  0-01454  97*8 

o-Chlorophenol 3642  0-8628  0-01452  97'5 

TO-Chlorophenol    363-7  0-8631  0-01450  97*4 


xl0«. 


Discussion  of  Resnlts. 

Table  I. — The  results  in  column  4  follow  very  closely  those 
obtained  by  Auwers  and  by  Hewitt  and  Winmill,  with  one  exception. 
In  two  cases  (the  cresols  and  hydroxybenzoic  esters),  the  latter 
authors  found  the  order  of  increasing  association  to  be  ortho — meta 
— para,  and  in  two  other  cases  (the  chloro-  and  nitro-phenols)  to 
be  ortho — para — meta,  whereas  Auwers  in  all  cases  found  the  order 
to  be  ortho — meta — para,  the  meta-compound  approximating  more 
nearly  to  the  para^compound. 

The  viscosity  results  are  in  full  agreement  with  those  of  the  latter 
.author,  though  it  must  be  remembered  that  V.  Meyer  found  the 
order  of  steric  hindrance  in  the  case  of  the  esterification  of  sub- 
stituted benzoic  acids  to  be  ortho — para — meta  (i?er.,  1895,  28, 
1254). 
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That  the  order  of  the  viscosity  results  is  not  merely  due  to  the 
position  of  the  substituent  group  in  the  benzene  nucleus  apart  from 
its  influence  on  the  hydroxyl  group  is  shown  by  the  fact  that  the 
values  for  the  tolyl  methyl  ethers  do  not  fall  in  this  order. 

It    will   be  noticed  that    the   mean   value     of    the     expression 

^ X  10^  for  the  ethers  is  66,  these  compounds  being  practically 

Mol.  vol. 

unassociated.      The   value    for    benzene    is    65    (Dunstan,  Zeitsch. 
physikal.  Chem.,  1905,  51,  738). 

In  the  case  of  benzyl  methyl  ether,  the  slightly  higher  value  may 
be  due  to  disturbance  of  the  symmetry  of  the  molecule  by  the  com- 
paratively long  side-chain.  Phenyl  and  benzyl  acetates  appear  to  be 
slightly  associated,  this  being  probably  due  to  the  slight  residual 
affinity  possessed  by  the  carbonyl  oxygen  atom  in  the  acetyl  group. 

For  benzyl  alcohol  and  all  the  phenols,  ,,  .^ — ^  x  10^  is  marked 
""  Mol.  vol- 

higher,     indicating     considerable     association.        Ortho-substituted 

phenols  appear  to  be  less  associated  than  phenol  itself,  presumably 

owing  to  the  proximity  of  the  substitu«nt  to  the  source  of  association, 

the  carbethoxyl,  aldehyde,  nitro-,  and  halogen  groups  exercising  very 

considerable  influence.     The  marked  effect  of  these  groups  has  been 

pointed  out  by  Auwers  and  by  Hewitt  and  Winmill. 

The  results  obtained  by  Auwers  indicate  that  the  aldehyde  group 
has  the  greatest  inhibiting  influence,  followed  in  order  by  the 
carbethoxyl,  the  nitro-,  the  halogen,  and  finally  the  alkyl  groups. 
The  viscosity  results,  while  agreeing  in  the  main  with  these,  invert 
the  order  of  the  first  two  groups.  No  satisfactory  explanation  of 
this  discrepancy  is  apparent. 

It  is  noteworthy  that  in  the  first  four  cases  the  ortho-substituent 
contains  an  unsaturated  nucleus,  and  it  appears  probable  that  the 
latent  valency  of  this  nucleus  in  some  way  attracts  part  of  that  of 
the  hydroxyl  group,  thus  lessening  the  tendency  for  association. 
This  action  is,  of  course,  supplementary  to  the  steric  hindrance 
produced  by  the  ortho-substituent  by  virtue  of  its  proximity  to  the 
hydroxyl  group. 

This  explanation  is  rendered  still  more  probable  by  the  fact  that 
the  aldehyde  and  carbethoxyl  groups,  which  depress  association  most 
strongly,  are  known  to  be  markedly  unsaturated,  whilst  the  methyl 
group,  which  exercises  only  a  slight  inhibitive  influence,  is  practically 
saturated. 

An  interesting  parallel  is  observed  when  the  molecular  refrac- 
tivities  of  various  substituted  benzene  derivatives  are  considered 
(Smiles,  Chemical  Constitution  and  Physical  Properties,  p.  298). 


>OCIATIC 

)N,      PARI 

'  I. 

A  due  to 

a)  (calc). 

A. 

substituent 

33-53 

+  0-93 

+  1-31 

35-08 

+  0-90 

+  1-28 

31  01 

+  0-76 

+  1-14 

32-10 

+  0-59 

+  0-97 

30-75 

+  0-57 

+  0-95 

29-72 

+  0-55 

+  0-93 

35-58 

+  0-42 

+  0-80 

37-23 

+  0-32 

+  0-70 

— 

-0  07 

+  0-31 

— 

-0-24 

+  014 

— 

-0-31 

+  0-07 

— 

-0-32 

+  0-06 

— 

-0-38 

— 
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Substance.  M(a)  (obs.). 

Phenylacetylene   34-46 

Styrene 35*98 

Benzaldehyde   31*77 

Nitrobenzene    32*69 

Benzonitrile 31*32 

Aniline 30*27 

Acetophenone  36  00 

Methyl  benzoate  37-55 

Phenol  — 

lodobenzene — 

Bromobenzene — 

Chlorobenzene  — 

Benzene — 

The  degree  of  disturbance  of  the  benzene  system  increases  with 
the  increasing  degree  of  unsaturation  of  the  substituent.  It  has 
also  been  shown,  from  measurements  of  molecular  magnetic  rotation 
(Perkin,  Trans.,  1896,  69,  1152),  that  the  anomaly  shown  by  di- 
methylaniline  is  diminished  when  the  residual  affinity  of  the  basic 
group  is  satisfied  by  the  addition  of  hydrochloric  acid.  A  similar 
argument  appears  to  explain  the  gradual  decrease  in  the  reactivity 
of  the  carbonyl  group  in  the  series  acetone — ethyl  acetate — acetic 
acid.  In  the  first  compound,  where  the  carbonyl  group  is  adjacent 
to  two  saturated  methyl  groups,  it  possesses  a  sufficient  degree  of 
unsaturation  to  combine  with  sodium  hydrogen  sulphite  and  with 
hydrogen  cyanide.  In  ethyl  acetate  one  of  the  adjacent  groups  is 
ethoxyl,  the  oxygen  atom  of  which  possesses  a  certain  amount  of 
latent  affinity  (compare  the  combination  of  ethyl  ether  with  hydrogen 
chloride  and  with  magnesium  alkyl  halides).  This  affinity  exerts  an 
attractive  influence  on  part  of  the  latent  affinity  of  the  carbonyl 
group,  with  the  result  that  ethyl  acetate  will  not  combine  with 
such  a  number  of  reagents  as  will  acetone. 

In  acetic  acid,  the  oxygen  of  the  hydroxyl  group  possesses  con- 
siderable residual  affinity,  part  of  which  is  united  with  that  of 
the  carbonyl  group,  which  thus  loses  its  characteristic  additive 
properties,  whilst  the  remainder  produces  association  of  the 
molecules. 

Owing  to  the  comparatively  high  temperature  employed  in 
working  with  the  fused  naphthols,  accurate  density  measurements 
were  not  attainable,  and  only  the  time  of  flow  (the  chief  factor  in 
determining  the  viscosity)  was  measured.  The  results  indicate 
clearly  the  influence  of  the  second  ring  of  the  naphthalene  nucleus 
in  hindering  the  association  of  a-naphthol.  V.  Meyer  observed  a 
similar  effect  when  measuring  the  velocities  of  esterification  of 
2-chloro-l-naphthoic  acid  and  3-chloro-2-naphthoic  acid,  the  former 
compound  esterifying  very  slowly  (Ber.,  1895,  28,  182). 

Table  II. — It  should  be  pointed  out  that  the  results  in  column  4 
have  been   obtained  with  solutions  of  an   empirical  concentration, 
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and  are  therefore  comparable  only  among  themselves,  and  not  with 
the  corresponding  figures  in  table  I. 

It  will  be  seen  that  the  results  in  table  I  are  exactly  confirmed, 
and  also  that  a  further  range  of  substances  has  been  studied.  In 
each  case  the  phenols  are  associated,  the  ortho  to  the  least,  and  the 
para  to  the  greatest  extent,  the  meta-compounds,  as  before, 
approximating  more  closely  to  the  pararcompounds.  The  gradual 
inhibition  of  the  association  of  benzyl  alcohol  by  the  progressive 
replacement  of  the  hydrogen  atoms  of  the  side-chain  by  phenyl  groups 
is  also  clearly  indicated.  This,  again,  is  in  full  agreement  with  sur- 
face energy  results.  Although  the  figures  for  triphenylcarbinol  are 
obtained  by  extrapolation  and  therefore  are  not  of  the  usual  degree 
of  accuracy,  it  is  clear  that  this  substance  approximates  to  the  ethers 
in  its  slight  degree  of  association. 

Ethyl  salicylate  and  o-nitrophenol,  again,  show  practically  no 
signs  of  association. 

A  very  striking  point  is  the  dissociating  influence  of  the  amyl 
acetate.  This  was  specially  chosen  as  a  comparatively  inert,  non- 
dissociating  solvent,  but  its  effect  on  the  associated  solutes  is  most 
marked.  The  viscosities  of  the  cresols  in  the  pure  state  differ  very 
considerably,  but  solution  evidently  breaks  down  the  complexes  to 
a  large  extent,  and  the  viscosities  of  the  solutions  are  almost 
identical.  The  dissociating  influence  is  more  marked  in  this  case 
than  in  that  of  the  other  phenols,  the  cresol  complexes  being 
apparently  more  unstable  than  those    of    the    other    substituted 

phenols.     If   the  difference  between  the  values  for  -^ — ^ — -   x  10^ 

MoJ.  vol. 

found  for  ortho-  and  para-isomerides  be  taken  as  a  measure  of  the 
relative  stability  of  the  complexes,  this  stability  decreases  in  the 
order  carbethoxyl — nitro — halogen — alkyl.  The  slight  signs  of 
association  noticeable  in  the  pure  phenyl  and  benzyl  acetates  dis- 
appear in  the  amyl  acetate  solutions,  and  the  substances  appear 
to  be  completely  dissociated. 

Table  in. — As  it  was  observed  that  a  comparatively  non- 
dissociating  solvent  had  such  a  marked  disruptive  effect  on  the 
molecular  aggregates,  it  was  considered  of  interest  to  determine  the 
viscosities  of  solutions  of  a  set  of  three  isomerides  in  a  dissociatng 
solvent.  For  this  purpose,  solutions  of  the  chlorophenols  in  ethyl 
alcohol  were  chosen,  and  the  results  indicated  that  practically  com- 
plete dissociation  had  resulted.  Preliminary  experiments  with 
solutions  of  the  chlorophenols  in  light  petroleum  (one  of  the  least 
dissociating  of  ordinary  solvents)  showed  that  the  dissociation  pro- 
duced was  less  than  in  the  case  of  amyl  acetate,  and  a  detailed 
study  of  the  effect  of  various  solvents  on  associated  substances  is 
now  being  carried  out. 
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Summary  of  Results. 

(1)  The  results  obtained  by  the  viscometric  method  agree  very 
closely  with  those  derived  from  other  physical  constants,  such  as 
vapour  pressure,  dielectric  constant,  molecular  surface  energy, 
molecular  refractivity,  and  molecular  weight  determined  cryo- 
scopically. 

(2)  Viscosity  determinations,  using  -——5 — -  x  10^  as  a  criterion 

of  association,  show  that  phenols  are  associated,  the  ortho-compounds 
to  the  least,  and  the  para-compounds  to  the  greatest  extent.  The 
ethers  are  unassociated,  but  the  acetates  show  slight  association. 

(3)  The  carbethoxyl,  aldehyde,  nitro-,  and  halogen  groups  exert 
a  marked  inhibitive  influence  on  association.  Alkyl  groups  only 
exert  a  slight  influence.  Since  the  degree  of  inhibition  of  association 
appears  to  be  intimately  connected  with  the  degree  of  unsaturation 
of  the  substituent,  it  is  suggested  that  the  depression  of  association 
is  partly  due  to  some  kind  of  attraction  between  the  latent  valency 
of  the  hydroxylic  oxygen  and  the  unsaturated  substituent,  the  con- 
sequence being  a  diminution  of  the  tendency  to  form  complexes 
through  the  latent  valency  of  the  hydroxyl  group.  The  same 
hypothesis  explains  the  gradual  disappearance  of  the  characteristic 
reactivity  of  the  carbonyl  group  in  the  series  acetone — ethyl  acetate 
— acetic  acid. 

(4)  Solution  in  even  a  comparatively  inert  solvent,  such  as  amyl 
acetate,  produces  considerable  disruption  of  the  molecular  aggre- 
gates. In  a  dissociating  solvent,  such  as  ethyl  alcohol,  the 
dissociation  is  practically  complete. 

The  author  desires  to  express  his  sincere  thanks  to  Dr.  J.  T.  Hewitt 
and  to  Dr.  A.  E.  Dunstan  for  the  interest  they  have  taken  in  the 
work,  and  to  the  Chemical  Society  for  a  grant  which  has  covered 
the  expense  entailed. 

East  London  College.  East  Ham    Technical  Oollegb. 
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CCLXVII. — Binary  Mixtures  of  Some  Liquefied  Gases. 

By  Bertkam  Dillon  Steele  and  L.  S.  Bagster. 

The  work  described  in  this  paper  was  undertaken  in  the  first  place 
in  connexion  with  the  study  of  simple  inorganic  solvents. 

Combination  between  solute  and  solvent  is  usually  held  to  be  a 
necessary  antecedent  to  conduction,  whilst  the  form  of  the  vapour 
pressure-composition  curve  for  mixtures  of  volatile  substances  is 
often  accepted  as  evidence  for  or  against  combination  in  such 
solutions. 

One  of  us  (JProc.  Roy.  Soc,  1904,  73,  450)  has  found  that 
mixtures  of  the  halogen  hydrides  with  hydrogen  sulphide  form 
solutions  which  do  not  conduct,  whilst  we  have  examined  sulphur 
dioxide  and  hydrogen  bromide,  and  found  them  to  mix  in  all  pro- 
portions, forming  solutions  which  show  but  very  slight  conductivity. 
The  hydrogen  sulphide  solutions  are  doubly  interesting,  owing  to 
the  analogy  between  hydrogen  sulphide  and  water. 

We  therefore  decided  to  examine  the  vapour  pressure-composition 
curves  of  the  solutions  formed  by  sulphur  dioxide  and  by  hydrogen 
sulphide  with  the  halogen  hydrides.  Hydrogen  chloride  solutions 
have  not  been  systematically  examined,  owing  to  difficulties  caused 
by  the  low  boiling  point  of  the  hydrogen  chloride,  and  to  the 
absence  of  liquid  air.  We  have,  however,  found  from  some  rough 
experiments  that  sulphur  dioxide  at  —35°  dissolves  hydrogen 
chloride  to  form  a  solution  approximately  normal,  and  that  all  the 
hydride  can  be  removed  from  such  a  solution  by  fractional  dis- 
tillation, and  therefore  no  constant  boiling  mixture  can  be  formed 
at  this  temperature.  Judging  from  analogy,  also,  one  would  expect 
the  curve  obtained  to  be  of  a  similar  type  to  that  given  by  sulphur 
dioxide  and  hydrogen  bromide,  which  pair  of  liquids  has  been 
systematically  examined. 

Mixtures  of  hydrogen  iodide  and  sulphur  dioxide  could  not  be 
formed,  owing  to  the  fact  that  these  substances  react  in  the  gaseous 
state,  depositing  sulphur  and  iodine. 

It  will  be  convenient,  first,  to  describe  the  apparatus  used  and 
the  method  of  working,  following  this  with  an  account  of  the  results 
obtained.  For  the  preparation  of  the  various  hydrides  used,  the 
methods  described  in  the  paper  previously  mentioned  have  been 
followed.  The  sulphur  dioxide  was  obtained  commercially  in  a 
steel  cylinder,  and  fractionated  before  use.  For  the  preparation 
of  the  liquid  hydrogen  sulphide  and  bromide,  a  mixture  of  solid 
carbon  dioxide  and  ether  was  used  as  refrigerant,  liquid  ammonia 
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being  used  to  condense  the  sulphur  dioxide  and  hydrogen  iodide.  In 
the  actual  experiments,  liquid  ammonia  was  used  for  the  low  tem- 
perature bath,  constant  temperatures  from  —35°  to  —75°  being 
easily  obtained  by  varying  the  pressure  over  the  ammonia  by  means 
of  a  water  pump. 

Ammonia  and  hydrogen  iodide  boil  at  about  the  same  tem- 
perature, but  it  was  found  that  if  the  top  of  the  vacuum  vessel 
containing  ammonia  were  left  open  to  the  air  and  not  plugged  with 
cotton  wool,  as  is  usual,  the  diminution  in  the  partial  pressure  of 
the  ammonia,  brought  about  by  air  convection  currents,  was 
sufficient  to  lower  the  temperature  to  10°  or  15°  below  the 
boiling  point  of  the  ammonia  under  atmospheric  pressure.  The 
temperature  thus  obtained  was  sufficiently  low  to  condense  the 
hydrogen  iodide,  and  as  the  carbon  dioxide  mixture  froze  the  liquid 
in  the  condenser,  the  above  method  of  cooling  was  adopted.  If  the 
temperature  rose  owing  to  heat  given  out  by  the  condensing  hydride, 
an  air  current  occasionally  blown  through  the  ammonia  by  means 
of  a  foot-bellows  sufficed  to  reduce  it  again. 

The  difficulty  of  measuring  the  vapour  pressure  of  substances, 
such  as  the  halogen  hydrides,  which  attack  mercury  was  overcome 
by  using  the  glass  spiral  manometer  of  Ladenburg  and  Lehmann 
{Ber.  Deut.  physikal.  Ges.,  1906,  8,  20),  as  modified  by  Johnson 
(Zeitsch.  'physikal.  Chem.,  1908,  61,  458). 

It  may  be  mentioned  here  that  as  the  halogen  hydrides  are 
decomposed  by  organic  matter,  rubber  tap  grease  was  not  used, 
being  replaced  by  a  mixture  of  pure  paraffins.  On  account  of  the 
extremely  hygroscopic  nature  of  the  halogen  hydrides,  every  entrance 
to  the  apparatus  by  means  of  which  moisture  could  gain  access 
was  protected  by  a  phosphoric  oxide  tube,  and  as  the  oxide 
appeared  to  contain  some  impurity  which  slowly  reacted  with  the 
halides,  the  tubes  containing  it  were  attached  to  the  apparatus  with 
taps  interposed  as  shown  in  Fig.  1.  The  oxide  was  thus  only 
exposed  to  the  halides  for  short  periods. 

Fig.  1  shows  the  apparatus  used.  Glass  was,  of  course,  used  for 
its  construction,  and  all  joints  were  sealed.  The  apparatus  was 
fitted  with  a  rubber  cork  A,  selected  to  fit  closely  the  mouth  of  an 
unsilvered,  cylindrical  Dewar  flask.  The  various  tubes  were  passed 
through  holes  in  the  cork,  and  sealed  to  the  apparatus  afterwards. 
In  addition  to  the  holes  for  the  apparatus,  the  cork  was  bored  to 
contain  the  thermometer,  a  glass  tube  for  making  connexion  with 
a  water  pump  for  reducing  the  pressure  over  the  ammonia,  another 
tube  closed  by  rubber  tubing  and  a  pinchcock  for  the  admission  of 
fresh  ammonia,  and  a  glass  tube  drawn  to  a  capillary  at  its  lower 
end,  which  reached  to  the  bottom  of  the  vacuum  vessel,  the  top 
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Fig.  1. 


being  also  closed  by  rubber  tubing  and  a  pinchcock.  The  purpose 
of  this  tube  will  be  explained  presently. 

Between  the  water  pump  and  the  vessel  containing  the  ammonia 
was  interposed  a  piece  of  rubber  pressure  tubing,  which  could  be 
more  or  less  closed  by  means  of  a  screw  clip.  To  obtain  any  desired 
temperature  below  the  boiling  point  of  the  ammonia,  the  pump  was 
set  in  action  while  a  stream  of  air  was  admitted  through  the 
c'apillary.  The  ammonia  boiled  under  the  reduced  pressure,  and  its 
temperature  fell.  The  air  stream 
served  to  prevent  superheating 
and  subsequent  bumping,  and 
also  to  stir  the  liquid  and  obtain 
a  uniform  temperature  through- 
out the  bath.  When  the  tem- 
perature was  near  the  desired 
point,  the  pressure  tubing  was 
partly  closed  by  means  of  the 
screw  clip,  thus  checking  the 
rate  of  withdrawal  of  the 
ammonia  vapour,  and  conse- 
quently the  rate  of  evaporation, 
so  lessening  the  heat  absorption 
and  fall  of  temperature.  In  a 
short  time  a  state  of  equilibrium 
was  reached,  and  by  this  means 
the  temperature  could  be  kept 
constant  to  0"1°  for  half  an  hour. 
If  it  varied,  a  slight  turn  of  the 
screw  clip  occasionally  sufficed  to 
adjust  it  again.  It  was  possible 
to  run  for  half  an  hour  without 
adding  fresh  ammonia. 

A    normal    pentane    thermo- 
meter,   reading    to    —115°,  was 

used.  It  was  not  wholly  immersed,  and  there  was  a  large  correction 
for  the  exposed  portion  of  the  stem,  which  correction  is  probably 
nearly  correct  at  the  lower  temperatures,  but  may  have  an  error  of 
about  a  degree  at  the  higher.  As  our  object  was  to  work  at  a 
constant  temperature  rather  than  to  know  its  exact  value,  slight 
errors  are  in  our  case  not  important,  as  our  vapour  pressure- 
composition  curves  are  constructed  at  constant  temperature. 

The  construction  of  the  actual  apparatus  will  be  apparent  from 
Fig.  1.  A  description  of  the  method  of  working  should  render  the 
use  of  the  various  parts  clear. 
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The  temperature  of  the  ammonia-bath  was  reduced  to  well  below 
the  boiling  point  of  the  liquid  it  was  desired  to  use.  The  liquid 
previously  condensed  in  another  vessel  was  then  distilled  into  the 
apparatus  through  0  and  the  three-way  tap  B.  The  first  few  drops 
of  liquid  condensed  collected  in  the  bend  F,  after  which  all  uncon- 
densed  gas  travelled  round  the  spiral  G  rather  than  force  its  way 
against  the  pressure  of  the  liquid  in  F.  By  this  means,  thorough 
condensation  was  secured.  The  capacity  of  the  apparatus  was 
known  at  various  points,  so  that  mixtures  of  any  desired  strength 
could  be  made  up  approximately  by  distilling  in  the  necessary 
volumes  of  each  liquid.  This  was  more  necessary  in  changing  the 
composition  of  a  previous  mixture  than  in  preparing  the  first  one, 
when  the  volumes  of  liquid  distilled  in  could,  of  course,  be  measured. 
About  25  c.c.  of  liquid  were  necessary  to  fill  the  apparatus  to  the 
amount  necessary  for  its  correct  working. 

To  ensure  thorough  mixing  of  the  two  liquids,  a  hydrogen 
generator  was  connected  to  B,  and  hydrogen  passed  through  E. 
When  the  gas  reached  the  point  H,  it  broke  into  bubbles,  which 
ran  around  the  spiral  G,  carrying  liquid  with  them  into  the  bulb  /, 
from  whence  the  liquid  flowed  back  through  M,  while  the  gas  passed 
out  at  C.  The  hydrogen  pressure  was  now  applied  at  C,  the  taps 
B,  J,  and  K  having  been  closed.  These  taps  were  then  carefully 
opened,  when  the  liquid  rose,  filling  the  bulbs  E  and  L,  and  on 
reaching  the  warm  tubes  boiled  and  displaced  the  contained  air. 
The  capacities  of  the  various  parts  were  so  arranged  that  when  E 
and  L  were  full  of  liquid  there  was  still  some  in  the  spiral  and 
tube  M,  whilst  when  E  and  L  were  empty  the  level  of  the  liquid  in 
/  was  above  the  entrance  of  the  spiral. 

Having  displaced  the  air  as  described  above,  the  manometer 
and  its  connecting  tube  were  exhausted  through  the  tap  N  by 
means  of  an  efficient  water  pump,  B  being  kept  closed.  B  was 
then  turned  to  admit  vapour  into  the  manometer.  By  alternately 
filling  and  exhausting  the  manometer  several  times,  the  air  was  all 
displaced.  Suction  was  now  applied  at  G  until  the  liquid  level 
was  nearly  at  the  bottom  of  the  bulb  E,  and  at  this  stage,  after 
the  temperature  had  been  constant  for  several  minutes,  a  vapour 
pressure  reading  was  taken.  The  whole  process  described  above 
was  now  repeated  until  the  vapour  pressure  was  constant,  when  the 
temperature  was  varied,  and  a  series  of  vapour-pressure  readings 
was  taken.  The  volumes  of  the  manometer  and  its  connecting 
tube  were  small,  and  did  not  require  much  vapour  to  fill  them, 
consequently  the  composition  of  the  liquid  would  not  be  much 
changed  by  the  exhausting  process;    in  any  case,  as  the  readings 
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and  subsequent  samples  were  all  taken  after  the  exhaustion,  any 
slight  change  would  be  of  no  importance. 

It  was  found  that  after  taking  a  series  of  vapour-pressure  readings 
the  pressure  appeared  to  increase  slightly.  This  was  attributed  to 
decomposition  of  the  halide  vapour  by  the  tap  grease  with  con- 
sequent production  of  hydrogen.  To  reduce  any  error  caused  by 
this,  the  manometer  was  occasionally  exhausted  during  a  series  of 
readings.  The  vapour  pressures  were  plotted  against  the  tem- 
peratures, and  from  the  curves  the  vapour  pressure  at  any  desired 
temperature  could  be  calculated.  These  curves  are  referred  to  later 
in  the  paper. 

Having  obtained  the  vapour-pressure  curve,  it  was  necessary  to 
obtain  samples  of  the  liquid  and  gas  phases  for  analysis.  For  this 
purpose,  it  was  necessary  to  isolate  and  absorb  completely  a  portion 
of  the  liquid  in  order  to  get  its  true  composition.  This  was  accom- 
plished by  means  of  the  bulb  L.  By  means  of  the  hydrogen 
pressure,  the  bulb  E  was  filled  with  liquid,  and  by  then  applying 
pressure  alternately  at  G  and  K  and  suitably  opening  the  taps, 
L  was  alternately  filled  with  and  emptied  of  liquid  to  ensure  having 
a  true  sample.  Finally,  a  small  quantity  of  liquid  was  left  in  Z,  and 
the  hydrogen  pressure  applied  at  /,  keeping  the  tap  shut.  Geissler 
tubes,  as  used  for  carbon  dioxide  absorption  in  combustions,  were 
attached  at  K  and  C  by  rubber  tubing,  the  taps  being  closed.  On 
opening  the  tap  /,  the  hydrogen  pressure  forced  a  few  bubbles  of 
gas  into  L  and  E,  and  left  the  connecting  tube  full  of  gas,  thus 
separating  the  two  portions  of  liquid.  The  taps  E  and  C  were  now 
carefully  opened.  A  stream  of  gas  passed  down  the  tube  J,  and 
at  0  divided  into  two  portions.  One  stream  bubbled  through  Z, 
evaporating  the  contained  liquid,  which  was  absorbed  by  the  alkali 
in  the  Geissler  bulb  attached  to  K.  P  is  a  fairly  fine  capillary 
tube,  which  served  to  prevent  diffusion  backwards  of  vapour  from  L. 
The  other  gas  stream  passed  into  E  and  down  the  tube  to  //,  where 
it  broke  into  bubbles  at  the  constriction.  The  tube  leading  from 
E  to  L  has  a  capillary  constriction,  which  served  to  increase  the 
velocity  of  the  gas  stream,  and  thus  helped  to  prevent  diffusion  of 
vapour  from  E  to  L,  which  would  cause  an  error  in  the  analysis. 

The  bubbles  of  hydrogen,  on  forming  at  //,  ran  around  the  spiral 
G,  which  contained  over  a  metre  of  glass  tubing.  These  bubbles, 
as  explained  previously,  caused  thorough  mixing  of  the  liquid,  and 
ensured  it  being  of  uniform  composition,  and  at  the  same  time 
became  saturated  with  the  gas  phase  in  equilibrium  with  the  liquid. 
Finally,  the  hydrogen  saturated  with  the  vapour  passed  through  the 
tap  C  and  through  the  attached  Geissler  bulb,  where   absorbable 
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gases  were  collected.  A  little  experience  showed  how  much  liquid 
it  was  necessary  to  have  in  Z  in  order  to  obtain  convenient  analytical 
results,  and  also  how  long  to  pass  the  hydrogen  through  the  spiral 
to  get  the  gas  composition. 

When  the  absorption  was  complete,  each  Geissler  bulb  was 
removed,  and  its  contents  thoroughly  mixed  by  blowing  them  from 
one  bulb  to  the  other.  The  solution  was  then  blown  into  a  beaker, 
and  as  only  ratios  were  required  it  was  not  necessary  to  remove 
the  whole  contents,  but  it  was  necessary  to  have  them  thoroughly 
mixed  before  removal.  Aliquot  parts  of  the  solution  were  removed 
for  analysis  by  means  of  pipettes,  the  necessary  volumes  for  con- 
venient titration  values  being  judged  from  knowledge  of  the 
approximate  composition  of  the  mixtures  and  from  previous  analyses. 

Sulphur  dioxide  and  hydrogen  sulphide  were  determined  by 
titration  with  iV/10-iodine  solution,  and  the  halogen  hydrides  by 
Volhard's  method,  using  iV^/10-silver  nitrate  and  potassium  thio- 
cyanate.  As  silver  sulphide  is  not  easily  dissolved  by  nitric  acid, 
it  was  necessary  to  remove  hydrogen  sulphide  from  solutions  before 
estimating  the  halogen.  This  was  done  by  oxidation  with  sodium 
peroxide  and  subsequent  removal  of  excess  of  hydrogen  peroxide  by 
boiling.  The  quantities  of  gas  removed  for  an  analysis  were 
insufficient  to  change  appreciably  the  composition  of  the  liquid 
remaining.  A  series  of  analyses  of  gas  and  liquid  was  made  at 
different  temperatures,  thus  obtaining  a  number  of  values  for  the 
composition  of  the  liquid  which  should  agree,  and  other  values  for 
the  composition  of  the  gas  which  should  either  agree  or  show 
regular  variation  with  temperature. 

To  prepare  a  fresh  mixture,  the  cap  Q  was  removed,  a  fine 
glass  tube  passed  into  7,  and  a  portion  of  the  liquid  sucked  out  by 
means  of  a  water  pump.  The  cap  was  then  replaced,  and  fresh 
liquid  distilled  in. 

The  apparatus  was  contained  in  a  vacuum  vessel  measuring  about 
4*5  cm.  by  20  cm.,  internal  dimensions. 

The  apparatus  we  have  described  could  be  made  on  a  larger  scale 
if  the  liquids  to  be  used  were  more  easily  prepared  and  less 
expensive.  It  might  be  useful  at  the  ordinary  temperature  for 
liquids  which  are  hygroscopic  or  decomposed  by  air.  If  used  on 
the  larger  scale,  it  could  be  applied  to  liquids  which  cannot  be 
directly  absorbed  or  estimated,  sufficient  liquid  being  used  to  allow 
a  quantity  sufficient  for  analysis  by  physical  measurements  to  be 
distilled  out  and  condensed  without  appreciably  changing  the  com- 
position of  the  residue.  With  modern  means  of  obtaining  low 
temperatures,  even  very  volatile  substances  might  be  thus  condensed. 
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Experimental  Results. 

The  experimental  results  are  given  in  the  following  tables. 

For  several  reasons  it  was  possible  to  obtain  data  for  the  con- 
struction of  complete  vapour  pressure-composition  curves  over  a 
limited  range  of  temperature  only.  The  analyses  could  not  be  per- 
formed when  the  vapour  pressure  of  the  solution  was  greater  than 

Fig.  2. 
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atmospheric,  whilst,  owing  to  the  differences  in  the  boiling  points 
of  the  two  constituent  mixtures  rich  in  the  less  volatile  constituent, 
they  could  be  analysed  at  a  higher  temperature  than  those  contain- 
ing more  of  the  more  volatile  constituent.  A  lower  limit  was  fixed 
by  the  lowest  temperature  that  could  be  conveniently  obtained  with 
the  liquid  ammonia,  whilst  with  the  hydrogen  iodide  a  limit  was 
fixed  by  the  freezing  of  solutions  rich  in  that  compound. 
VOL.   XCVIL  8   H 
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A  vapour  pressure-composition  curve  has  been  constructed  for 
each  pair  of  liquids  at  that  temperature  at  which  most  complete 
data  are  available. 

Portions  of  curves  for  other  temperatures  can  be  constructed  from 
the  data  given. 

SiiZphur  Dioxide  and  Hydrogen  Bromide. 

Table  I  gives  the  vapour-pressure  readings  for  mixtures  of  sulphur 
dioxide  and  hydrogen  bromide,  whilst  in  table  II  is  given,  as  a 
typical  example,  the  results  of  the  analyses  of  mixture  F.  The 
vapour  pressure-temperature  curves  are  shown  in  Fig.  2.  The  letters 
at  the  heads  of  the  columns  of  tables  I  and  II  and  the  curves  in 
Fig.  2  all  refer  to  the  same  mixtures.  Pressures  are  given  in  cm.  of 
mercury.  All  compositions  of  mixtures  are  expressed  as  molecular 
percentages  of  halogen  hydride. 


Table  I. 


Mix- 
ture. 

HBr  Temp. 
V.  P. 

A.  Temp. 
V.  P. 

B.  Temp. 

V.  P. 

C.  Temp. 
V.  P. 
Temp. 
V.  P. 
Temp. 
V.  P. 
Temp. 
V.  P. 
Temp. 
V.  P. 
Temp. 
V.  P. 
Temp. 
V.  P. 

Temp. 
V.  P. 


E. 


F. 
O. 


H. 


SO, 


76° 

-72° 

-68-6° 

-66-i 

51-7 

61-7 

73-9 

80  •{ 

75-5° 

-72° 

-69-3° 

-66- 

48-5 

57-9 

66-4 

75- 

75° 

-72-3° 

-68-6° 

-65- 

46-9 

55-8 

64-4 

73-) 

75-7° 

-72-6° 

-70° 

-66-' 

41-6 

48-2 

55-2 

65  •( 

73-7° 

-67-1° 

-63-5° 

-58-. 

33-0 

46-2 

55-1 

70- 

76-0° 

-71° 

-66-5° 

-62-' 

24-1 

30-7 

37-9 

45 -f 

75-0° 

-69-3° 

-65  3° 

-59-( 

19-0 

24-6 

30-4 

39-( 

75-1° 

-70-0° 

-66-5° 

-62-' 

14-0 

17-2 

21-0 

25  •! 

45-6° 

-42-1° 

-39-3° 

-38- 

56-4 

64-5 

73-1 

78- 

76-0° 

-70-0° 

-63  0° 

-60-. 

10-0 

12-3 

15-3 

19- 

73-0° 

-67-3° 

-60-3° 

-53-( 

2-1 

3  0 

5-8 

9- 

4°  - 
7 

9°  - 
8 

7°  - 
0 

5°  - 
1 

7°  - 
8 

6°  - 
3 
4°  - 


55-9° 
24-1 
45-0° 
15-2 


■61-3° 
83-5 


54-4° 

66  7 

49-6° 

61-8 

56-3° 

34-1 


52-0° 
29;0' 
36-0° 
26-0 


•49-8° 
81-5 

46-0°  -42-8° 
72-8       82-9 
53-5°  -49-4° 
38-6       46-6 


46-6°  -41-4°   -37-0° 
37-7       48  6       60-7 


Mixture. 
F. 


Tempera- 
ture. 
-76° 
-67-5 
-60-3 
-58 


Table  II. 

Molecular  percentage 
of  HBr  (liquid). 


28-5 
80 
29 
28-5 


Value  used. 
29 


Molecular  percentage 
of  HBr  (gas). 


95-3 
94-3 
93-1 
92-2 


Value  at  - 


94 


The  samples  of  gas  and  liquid  were  usually  taken  first  at  the 
lowest  temperature,    then  at  the   highest,    followed  by    others  at 
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intermediate  temperatures.  An  examination  of  table  II  shows  that 
the  temperature  has  a  distinct  eflFect  on  the  composition  of  the  gas, 
increasing  temperature  causing  an  increase  in  the  relative  quantity 
of  sulphur  dioxide  in  the  gas  phase. 

The  vapour  pressure-concentration  curve  has  been  drawn  for  a 
temperature  of  -  66°,  and  is  shown  in  Fig.  3.  If  necessary,  the  gas 
composition  at  this  temperature  was  calculated  from  the  values  at 
surrounding  temperatures. 

At  lower  temperatures  the  points  do  not  fit  so  well  to  the  curves, 
which,  however,  appear  to  conform  to  the  same  type.     The  type  of 

Fig.  3. 
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curve  is  well  known,  and  is  of  the  general  shape  one  might  expect 
from  a  knowledge  of  the  properties  of  the  constituents  and  of  the 
mixtures.  The  partial  pressure  curves  have  not  been  drawn.  That 
for  hydrogen  bromide  will  nearly  correspond  with  the  total  pressure 
curve,  whilst  the  sulphur  dioxide  curve  will  lie  almost  along  the 
line  of  zero  pressure. 

Hydrogen  Sulphide  and  Hydrogen  Bromide. 

Table  III  contains  the  vapour-pressure  readings  for  mixtures  of 
hydrogen   sulphide  and   hydrogen   bromide.     As  before,   pressures 

8  H  2 
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are  given  in  cm.  of  mercury,  and  compositions  of  mixtures    are 
expressed  as  molecular  percentages   of  halogen  hydride. 

The  vapour  pressure-temperature  curves  are  shown  in  Fig.  4.  As 
the  curves  lie  so  closely  together,  the  points  through  which  they 
were  drawn  are  not  marked.  Reference  to  the  tables  will  show  that 
the  points  fit  the  curves  closely.  By  chance,  mixtures  A  and  E  have 
the  same  vapour  pressure,  and  are  represented  by  the  same  curve 

Fig.  4. 
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AE.     The  curves  show  that  a  mixture  of  minimum  vapour  pressure 
and  consequent  maximum  boiling  point  is  formed. 


Table  III. 

Mix- 

ture. 

• 

HjS  Temp. 

-75-r 

-73-r 

-71-0°  -69-0°  -66-6° 

-65-0° 

-63-0'' 

-61-0° 

-59-3 

V.  P. 

35-3 

39-8 

45-6       52-6       58-6 

64-5 

70-9 

77-6 

85-3 

A.    Temp. 

-75  0° 

-72-7° 

-70-0°  -67-5°  -65-0° 

-62-2° 

-69-5° 

V.  P. 

34-9 

39-5 

46-8       53-2       60-6 

70-6 

81-5 

B.    Temp. 

-75-4° 

-71-7° 

-67-6°  -64-4°  -60-9° 

-58-5° 

V.  P. 

32-6 

39-6 

50-1       59-9       72-7 

83-0 

C.     Temp. 

-75-0° 

-72-0° 

-68-2°  -64-6°  -60-1° 

-58-0° 

V.  P, 

33-8 

38-7 

477       58-4       73-6 

82-2 

D.    Temp. 

-72-7° 

-64-0° 

V.  P. 

36-0 

58-4 

K     Temp. 

-74-2° 

-69-0° 

-65-7°  -eO-Q" 

V.  P. 

36-3 

49-0 

58-9       76-2 

F.     Temp. 

-74-r 

-72-0" 

69-0°  -63-8° 

V.  P. 

46-4 

51-2 

60-7       78-3 

The  gas  composition  was  not  so  regular  as  with  the  sulphur 
dioxide  mixtures,  and,  as  a  rule,  the  mean  value  has  been  taken  in 
constructing  the  vapour  pressure-concentration  curve,  which  has 
been  drawn  for  —70°  (Fig.  6).  The  minimum  referred  to  is  well 
shown. 
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Ostwald  has  pointed  out  that  in  all  cases  the  partial  pressure 
curves  of  the  components  of  a  binary  mixture  must  be  symmetrical, 
being,  in  fact,  mirror  images  of  each  other  except  as  regards  vertical 
measure.  The  partial  pressure  curves  of  hydrogen  bromide  and 
hydrogen  sulphide,  which  are  shown  by  dotted  lines  in  Fig.  5,  furnish 
an  example  of  this. 


Hydrogen  Sulphide  and  Hydrogen  Iodide. 

Table  IV  gives  the  vapour-pressure  readings  for  the  mixtures  of 
hydrogen  sulphide  and  hydrogen  iodide.  The  vapour  pressure- 
composition  curves  are  shown  in  Fig.  6. 

Reference  to  Fig.  6  will  show  that  the  vapour-pressure  measure- 
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ments  for  pure  hydrogen  iodide  have  not  been  carried  below  the 
freezing  point,  which  is  about  —  52*5°  by  the  thermometer  used. 

Owing  to  the  higher  vapour  pressure  of  the  hydrogen  sulphide,  it 
was  necessary  to  work  at  temperatures  not  much"  above  —  60°  with 
mixtures  rich  in  that  constituent.  To  plot  the  complete  vapour 
pressure-composition  curve  at  —  60°,  we  required  the  vapour  pressure, 
not  of  solid  hydrogen  iodide,  but  of  the  supercooled  liquid.  This 
was  obtained  by  exterpolation,  the  exterpolated  portion  of  the  curve 
being  shown  by  the  broken  line. 

Two  separate  series  of  experiments  were  performed  with  these 
substances,  and  are  given  in  the  tables  as  series  I  and  series  II. 
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Mixture. 
HI. 

A. 

B. 

0. 

D. 

E. 


Table  IV. — Series  I. 


Temp. 
V.  P. 
Temp. 
V.  P. 
Temp. 
V.  P. 
Temp. 
V.  P. 
Temp. 
V.  P. 
Temp. 
V.  P. 


-39-5° 
74-3 

-62-0" 

30-5 
-68-4° 

28-5 
-73-0° 

26-4 
-73-0'' 

30-2 
-71-5° 

38-8 


-49  2° 

45-0 
-47-8° 

62-4 
-52-8° 

63-7 
-59-5° 

55-6 
-58-5° 

66-6 
-  58-5° 

77-3 


52-3" 
38-3 


49-4° 

76-5 

55-0° 

70-2 

56-0° 

75-7 


52-5"" 
88-5 


Mixture. 
F. 

O. 

H. 


Table  V. — Series  II. 


Temp. 
V.  P. 
Temp. 
V.  P. 
Temp. 
V.  P. 


-61 -5° 
37-6 

-62-0° 
48-0 

-62  0° 
56-6 


-60-3° 
40-0 

-60-2" 
53-4 

-60-2"' 
62-0 


-59-0° 
42-9 

-58-8° 
57-6 


Fig.  6. 
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The    vapour  pressure-composition    curve    at    —60°  is   shown  in 
Fig.  7.     The  partial  pressure  curves  are  shown  by  the  dotted  lines. 
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A  comparison  of  Figs.  5  and  7  shows  a  surprising  contrast  in 
the  nature  of  the  curves  obtained  when  hydrogen  bromide  and 
hydrogen  iodide  respectively  are  mixed  with  hydrogen  sulphide.  In 
the  case  of  the  former  substance  (Fig.  5),  a  well-marked  minimum 
of  vapour  pressure  is  found.  The  occurrence  of  a  minimum  such 
as  this  is  characteristic  of  a  few  pairs  of  substances,  the  majority 
of  which,  such  as  the  mixtures  of  water  with  the  mineral  acids, 
present  as  their  most  striking  characteristic  the  formation  of  highly 
ionised  mixtures.  Other  systems  presenting  the  same  type  of  vapour 
pressure-concentration  curves  are  mixtures  of  a  few  nitrogen  bases 


Fig.  7. 
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with  fatty  acids,  and  in  the  case  of  these  there  is  no  doubt  that 
combination  occurs  to  a  large  extent. 

Roozeboom  has  pointed  out  that  in  nearly  all  cases  where  such 
minima  occur  we  have  independent  evidence  of  (a)  ionisation  of  one 
component,  (b)  combination  between  the  components,  or  (c) 
association  of  one  or  both  components. 

From  this  point  of  view  the  behaviour  of  this  pair  of  substances  is 
the  more  remarkable,  since  there  is  no  evidence  of  appreciable 
ionisation  in  any  of  the  mixtures,  and  measurements  of  the  molecular 
surface  energy  which  were  made  by  Steele,  Mcintosh,  and  Archibald 
yielded  no  evidence  of  association  either  of  hydrogen  sulphide  or 
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of  hydrogen  bromide,  and  did  not  point  to  any  difference  in  the 
molecular  complexity  of  hydrogen  bromide  and  hydrogen  iodide. 
Of  the  three  alternatives  suggested  by  Roozeboom,  there  remains 
therefore  only  the  possibility  of  compound  formation  bet-ween 
hydrogen  bromide  and  hydrogen  sulphide,  and  of  this  no  evidence  is 
yet  forthcoming. 

The  system  hydrogen  sulphide  and  hydrogen  iodide  is  interesting 
as  adding  another  to  the  very  short  list  of  pairs  of  liquids  which 
form  ideal  solutions,  solutions  for  which  Raoult's  law  applies  over 
the  whole  range  of  concentration.  This  is  shown  in  Fig.  7  by  the 
occurrence  of  straight  lines  for  the  vapour  pressure-liquid  con- 
centration curve,  and  for  the  two  partial  pressure  curves. 

In  conclusion,  we  desire  to  state  that  the  greater  part  of  the 
expense  of  the  investigation  has  been  defrayed  by  a  grant  from  the 
Royal  Society.  We  also  wish  to  express  our  indebtedness  to  Messrs. 
Felton,  Grimwade  &  Co.,  of  Melbourne,  for  their  kindness  in 
presenting  us  with  considerable  quantities  of  liquefied  ammonia, 
and  to  Mr.  H.  J.  Grayson,  of  this  University,  who  specially  ruled 
the  micrometer  scale  which  we  have  employed. 

The  Univebsitt, 

Melbourne. 


CCLXVIII. — The   Volume  of  a  Solute  in  Solution. 

By  Dan  Tyrer. 

The  changes  of  volume  which  occur  when  substances  dissolve  are  of 
interest  as  affording  valuable  criteria  of  the  nature  of  solutions. 
This  study  has,  however,  in  the  past  been  nearly  always  concerned 
with  aqueous,  and  less  frequently  with  alcoholic,  solutions,  which  we 
now  know  to  be  abnormal  in  the  sense  that  in  such  cases  we  are 
not  dealing  with  simple  molecular  mixtures  of  solute  and  solvent.  It 
is  only  in  the  case  of  very  dilute  aqueous  solutions  of  salts,  where  the 
solute  is  practically  totally  dissociated,  and  in  the  case  of  aqueous 
solutions  of  non-electrolytes,  that  any  regularities  have  been 
discovered. 

Valson  {Gompt.  rend.,  1871,  73,  441)  found  that  the  difference 
between  the  volumes  of  two  salts  M^R  and  MgR  in  dilute  solutions 
is  constant — independent  of  the  nature  of  the  acid  radicle  R ;  Nicol 
{Chem.  News,  1882,  45,  37)  discovered  practically  the  same  thing. 
Taking  into  consideration  the  degree  of  ionisation,  Traube  {Ber.,  1 894, 
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27,  3173)  has  been  able  to  determine  what  he  terms  the  "  atomic 
solution  volumes"  of  most  of  the  elements,  and  has  shown  that  most 
of  the  monatomic  metals  have  the  same  volume  in  dilute  solution.  In 
several  cases  of  non-electrolytes  in  water,  it  lias  been  found  that  the 
volume  of  the  solute  in  solution  is  constant — independent  of  the  con- 
centration. For  example,  "Wanklyn  {Chem.  News,  1892,  65,  122) 
found  this  to  be  the  case  for  aqueous  sugar  solutions  (see  also  Traube, 
Anncdm,  1896,  290,  43). 

In  general,  however,  it  is  found  that  with  aqueous  and  alcoholic 
solutions  the  specific  volume  of  the  solute  in  solution  diminishes  with 
increase  of  dilution  (Gerlach,  Zeitsch.  anal.  Chem,  1888,  28,  466; 
Schroder,/.  Russ.  Phys.  Chem.  Soc,  1886,  18,  25;  Taramann  and 
Hirschberg,  Zeilseh.  physikal.  Chem,.,  1894,  13,  543  ;  Traube,  Annalen, 
1896,  290,  43).  This  diminution  is  probably  due  partly  to  ionisation 
and  partly  to  changes  in  molecular  complexes,  such  as  the  formation 
of  solvates  and  variations  in  the  molecular  complexity  of  the  solvent. 
In  most  cases  of  aqueous  solution,  the  volume  change  brought  about 
by  the  dissolution  of  the  solute  is  a  positive  quantity,  but  in  a  few 
cases  it  has  a  negative  value,  for  example,  copper  sulphate  and  sodium 
nitrate. 

On  the  other  hand,  with  non-associated  solvents  and  solutes  very 
little  work  has  been  done. 

Beilby  (Trans.,  1883,  43,  138)  found  that  the  specific  volume  of 
paraflBn  wax  dissolved  in  the  paraffin  hydrocarbons  was  approximately 
equal  to  the  specific  volume  which  the  melted  paraffin  wax  would  have 
at  the  same  temperature.  Lumsden  (Trans.,  1907,  91,  24)  examined 
the  change  in  molecular  volume  of  several  solutes  dissolved  in  several 
organic  solvents  with  change  of  temperature,  and  found  that  the 
volume  increased  quite  regularly  to  temperatures  above  the  melting 
points  or  boiling  points  of  the  pure  solvent. 

Forch  (Ann.  Physik,  1905,  [iv],  17,  1012)  determined  the  molecular 
volume  of  naphthalene  in  several  solvents,  such  as  benzene,  chloro- 
form, etc.,  and  found  that  the  molecular  volume  was  constant — 
independent  of  the  concentration  and  of  the  solvent  (except  in  the 
case  of  ether),  and  equal  approximately  to  the  calculated  molecular 
volume  which  liquid  naphthalene  would  have  at  the  same  temperature. 

Dawson  (this  vol.,  pp.  1041,  1896)  found  almost  exactly  the  same 
thing  for  solutions  of  naphthalene  and  iodine  in  various  organic 
solvents.  The  influence  of  the  solvent  was  found  to  be  rather  con- 
siderable, however,  in  the  second  case,  and  this  was  considered  as 
probably  due  to  the  formation  of  molecular  coaiplexes. 

The  object  of  the  present  work  is  to  extend  the  above  observations 
to  other  cases,  to  ascertain  whether  the  volume  in  solution  of  a  given 
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mass  of  a  solute  is  independent  of  the  concentration,  and  to  what 
extent  it  is  independent  of  the  solvent. 

Method  and  Apparatus. 

Two  methods  have  been  used  for  measuring  the  specific  volumes  of 
the  solutions,  the  dilatometrical  and  the  pyknometrical. 

The  dilatometer  consisted  of  a  glass  bulb  of  about  40  c.c.  capacity 
blown  on  the  end  of  a  long  tube  carefully  graduated  in  mm.  It  was 
calibrated  by  weighing  it  filled  with  boiled  distilled  water  (cooled  in  a 
vacuum)  to  various  points  on  the  stem.  By  this  means  the  dilatometer 
was  calibrated  for  every  cm.  reading  along  the  stem.  To  determine 
the  correction  for  the  thermal  expansion  of  the  dilatometer  itself,  the 
calibrations  were  repeated  at  various  other  temperatures.  Finally, 
these  results  were  confirmed  by  substituting  pure  distilled  mercury 
for  the  water  and  repeating  the  observations.  All  the  weighings 
were  reduced  to  a  vacuum,  and  corrections  were  made  for  the  curved 
surface  of  liquid  in  the  stem  of  the  dilatometer.  The  instrument  was 
recalibrated  repeatedly  throughout  the  course  of  the  expei'iments,  and 
the  slight  changes  which  were  found  to  have  occurred  were  taken 
into  account.  With  fairly  volatile  liquids,  such  as  benzene,  an 
appreciable  quantity  of  the  substance  exists  in  the  state  of  vapour 
in  the  stem.  To  diminish  this  and  at  the  same  time  to  prevent  lo.-s 
by  evaporation  during  the  course  of  an  experiment,  the  open  end  of 
the  stem  was  closed  by  a  thin  glass  rod  which  was  made  to  slide  up 
and  down  within  the  stem,  and  could  be  gradually  raised  as  the  liquid 
expanded  and  rose  up  the  stem. 

The  dilatometer  was  heated  in  a  large  bath  of  water,  insulated 
from  draughts.  The  temperature  could  be  easily  controlled  to  O'OP 
for  a  time  sufficient  to  allow  the  temperature  of  the  liquid  in  the 
dilatometer  to  reach  equilibrium.  The  bath  was  stirred  with  a 
vertically  acting  stirrer  worked  with  a  small  motor.  Two  thermo- 
meters were  used,  both  graduated  in  1/lOths  of  a  degree  and  readable 
to  1/lOOths,  one  over  a  range  of  0°  to  50°,  the  other  from  50°  to  100°. 
The  thermometers  were  calibrated  to  0*0 1°  by  comparison  with  a 
standard,  and  the  calibrations  were  repeated  at  frequent  intervals 
throughout  the  course  of  the  experiments  and  corrections  made  for 
any  slight  variations  observed.  All  the  readings  of  the  dilatometer 
and  thermometers  were  made  with  the  help  of  a  small  telescope. 

Each  solution  used  was  prepared  by  direct  weighing  of  the  solute 
and  solvent,  great  care  being  taken  to  prevent  loss  by  evaporation. 

Details  in  regard  to  purity  of  the  materials  are  given  as  they  arise. 

The  observed  results  were  made  at  irregular  intervals  of  tempera- 
ture (usually  every  5  or  6  degrees)  between  15°  and  a  short  distance 
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below  the  boiling  point  of  the  pure  solvent.  In  order  to  obtain 
comparable  results,  the  experimental  values  were  plotted  on  a  large 
sheet  of  cross  section  paper,  of  a  sufficient  scale  to  permit  of  readings 
of  specific  volumes  to  0 •00005,  The  mean  probable  error  in  the 
specific  volume  determinations  by  the  dilatometer  is,  however,  more 
than  this,  being  about  0*000 1.  This  degree  of  accuracy  is  not  sufli- 
cieut  for  very  dilute  solutions,  and  therefore  experiments  with  the 
dilatometer  have  been  confined  to  solutions  of  a  moderate  concen- 
tration. 

If  A  is  the  percentage  concentration  of  a  solution  (grams  of  solute 
per  100  of  solvent),  Sy  the  specific  volume  of  that  solution,  and  Sq  the 
specific  volume  of  the  pure  solvent  at  the  same  temperature,  then  the 
change  in  volume  due  to  dissolution  of  A  grams  of  the  solute  is 
(100  +  A)S-^  -  lOO^Q,  and  the  specific  volume  of  solute  in  the  solution  is 

^  _(100  +  ^)^,-100^„ 
A 

The  values  of  v  at  various  temperatures  have  been  found  by  the  dilato- 
meter for  two  cases — phenanthrene  and  m-dinitrobenzene  in  various 
solvents. 

The  following  solvents  have  been  used  :  (a)  Benzene,  (6)  toluene, 
(c)  acetic  ester,  {d)  chloroform,  («)  carbon  tetrachloride. 

The  "pure"  substances,  obtained  from  Kahlbaum,  were  redistilled 
or  recrystallised  several  times  before  using. 


The  Specific  Volume  (v)  of  Phenanthrene  in  Various  Solvents. 

The  phenanthrene  used  was  Kahlbaum's.  To  test  its  purity  a 
small  sample  was  recrystallised,  and  the  melting  point  carefully  deter- 
mined. It  was  found  to  melt  at  the  same  temperature  as  the  original 
specimen. 

In  the  following  table  are  given  the  values  of  the  specific  volumes 
of  solutions  of  phenanthrene  at  various  concentrations  in  the  several 
solvents,  with  the  calculated  specific  volumes  (v)  in  solution  : 

A  =  percentage   concentration  of  solution  (grams  solute  per    100 

grams  solvent). 
Sq  =  specific  volume  of  pure  solvent. 
S^  =  specific  volume  of  solution. 
V    =  specific  volume  of  the  solute  in  solution. 
T  =  temperature. 
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In  Benzene. 

A  =  4-199. 

A  = 

7-797. 

A  =  15-894 

T.           S,. 

S,. 

V. 

S,. 

V. 

^1.      1} 

P 

15°   1-1307 

1-1214 

0-899 

1-1135 

0-892 

_ 

_ 

20   1-1379 

1-1282 

0-895 

1-1202 

0-893 

1-1039    0-889 

30   1-1521 

1-1419 

0-895 

1-1336 

0-896 

1-1164    0-891 

40    1-1664 

1-1556 

0-899 

1-1471 

0-899 

1-1292    0-895 

50    1-1810 

1-1699 

0-907 

11610 

0-904 

1-1420    0-896 

60    1-1962 

1-1847 

0-911 

1-1751 

0-905 

1-1554    0-898 

70    1-2122 

1-1997 

0-901 

— 

— 

11697    0-902 

In 

Toluene. 

A  = 

3-197. 

A  =  . 

5493. 

^  =  11-712.    ^=27-297. 

T. 

Sq.                     ^1. 

V. 

h\. 

V. 

S,. 

V.            S^. 

V. 

15" 

1-1488   1-1407 

0-886 

1-1348 

0-881 

1-1207 

0-881   1-0918 

0-883 

20 

1-1551   1-1467 

0-886 

1-1408 

0-882 

1-1264 

0-881   1-0970 

0-884 

30 

1-1678   1-1590 

0-885 

1-1580 

0-883 

1-1381 

0-884   1-1078 

0-887 

40 

1-1806   1-1716 

0-890 

1-1652 

0-885 

1-1500 

0-889   1-1189 

0-894 

50 

1-1936   1-1843 

0-891 

1-1778 

0-889 

1-1622 

0-893   1-1300 

0-897 

60 

1-2071   1-1975 

0-897 

1-1907 

0-893 

1-1746 

0-897   1-1414 

0-901 

70 

1-2212   1-2113 

0-901 

1-2043 

0-897 

1-1874 

0-899   1-1530 

0-903 

III  Acetic  Ester. 


Sq. 

A  = 

6-922. 

J. 

A  = 

9-149. 

A  = 

18-832. 

T. 

6V 

V. 

S,. 

V. 

S,. 

V. 

15° 

1-1022 

1-0923 

0-949 

1-0828 

0-869 

— 

20 

1-1101 

1-0988 

0-937 

1-0907 

0-867 

1-0726 

0-873 

30 

1-1259 

1-1143 

0-946 

1-1040 

0-865 

1-0852 

0-868 

40 

1-1416 

1-1296 

0-956 

1-1185 

0-866 

1-0987 

0-871 

50 

1-1580 

1-1452 

0-961 

1-1335 

0-866 

1-1126 

0-872 

60 

1-1750 

1-1616 

0-967 

1-1493 

0-868 

1-1273 

0-874 

70 

1-1933 

— 

— 

— 

— 

1-1426 

0-874 

In  Carbon  Tetrachloride^ 
A  =  2-873. 


A  =  4-575. 


T. 

^0. 

S,. 

V. 

S,. 

V. 

15° 

0-6241 

0-6306 

0-858 

0-6347 

0-866 

20 

0-6276 

0-6344 

0-874 

0-6384 

0-875 

30 

0-6349 

0-6421 

0-891 

0-6460 

0-891 

40 

0-6430 

0-6499 

0-892 

0-6538 

0-891 

50 

0-6512 

0-6579 

0-891 

0-6616 

0-890 

60 

0-6596 

0-6661 

0-893 

0-6697 

0-890 

70 

0-6685 

0-6746 

0-889 

0-6781 

0-888 

It  will  be  seen  from  the  above  tables  that  the  values  of  v,  as  a  rule, 
increase  slightly,  but  regularly,  with  increase  in  temperature.  The 
values  in  acetic  ester,  however,  show  some  small  variations  from  this 
rule,  and  these  are  repeated  (as  will  be  pointed  out  later)  in  other  cases. 
The  effect  of  concentration  on  the  value  of  v  seems  very  slight,  except, 
again,  in  the  case  of  acetic  ester.     Small  divergences  appear  with  the 
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more  dilute  solutions,  but  here  it  is  to  be  considered  that  the  experi- 
mental error  in  the  value  of  (v)  is  much  greater  than  in  the  more 
concentrated  solutions.  For  example,  an  error  of  0*0001  in  the  specific 
volume  of  the  solution  for  a  concentration  of  4  per  cent,  makes  an 
error  of  about  0*004  in  the  value  of  v.  Again,  most  of  the  values  of 
the  specific  volume  of  the  solutions  for  temperatures  of  15°  and  70° 
have  been  obtained  by  extrapolation,  and  therefore,  in  some  cases,  the 
experimental  error  may  be  greater  than  the  average. 

The  influence  of  the  solvent  seems  slight,  but  appreciable.  The 
values  of  v  in  benzene,  for  example,  are  distinctly  higher  than  those  in 
toluene  and  carbon  tetrachloride. 

The  Specific  Volume  of  m-Dinitrobenzene  in  Various  Solvents. 


In 

Benzene. 

A  = 

4-823 

A  =  8-939 

^  =  16-230 

T. 

'% 

V. 

S,. 

V. 

V. 

15° 

1-1101 

0-682 

— 

— 

1-0684 

0-684 

20 

1-1169 

0-683 

1-1002 

0-678 

1-0746 

0-685 

30 

1-1304 

0-680 

1-1132 

0-678 

1-0871 

0-686 

40 

1-1441 

0-682 

1-1267 

0-681 

1-0997 

0-689 

50 

1-1581 

0-683 

1-1403 

0-684 

1-1126 

0-690 

60 

1-1724 

0-681 

1-1544 

0-686 

1-1258 

0-692 

70 

In 

1-1689 
Toluene. 

0-684 

1-1395 

0-692 

A  = 

4-092 

A  =  7 -675 

A  = 

15-595 

T. 

Sv 

V. 

Sv 

V. 

Sv 

V. 

15° 

— 

— 

1-1143 

0-665 

1-0840 

0-668 

20 

1-1354 

0-654 

1-1 J03 

0-667 

1-0895 

0-669 

30 

1-1477 

0-656 

1-1323 

0-670 

1-1009 

0-672 

40 

1-1601 

0-659 

1-1444 

0-672 

11 124 

0-675 

50 

11726 

0-658 

1-1567 

0-675 

1-1241 

0-678 

60 

1-1856 

0-659 

1-1694 

0-679 

1-1361 

0-681 

70 

1-1982 

— 

1-1824 

0-677 

1-1484 

0-680 

In 

Acetic  Ester. 

A  = 

3-722 

^  =  6-416 

A  = 

16-508 

T. 

Sv 

V. 

S,. 

r. 

S,. 

V. 

16' 

— 

— 

1  -0768 

0-679 

— 

20 

1  0945 

0-676 

1-0837 

0-672 

1-0478 

0-670 

30 

1-1093 

0-665 

1  -0983 

0-668 

1-0612 

0-669 

40 

11246 

0-668 

1-1132 

0-670 

1-0749 

0-671 

50 

1-1404 

0-668 

1-1287 

0-672 

1-0890 

0-671 

60 

1-1569 

0-671 

1-1448 

0-673 

1-1036 

0-671 
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In  Chloroform. 

A  = 

=  2-964 

•  ^  =  7-017 

>• 

T. 

-^0. 

S,. 

V. 

Sv 

V. 

15° 

0-6683 

0-6677 

0-649 

0-6678 

0-668 

20 

0-6726 

0-6721 

0-657 

0-6718 

0-661 

30 

0-6812 

0-6806 

0-661 

0  6801 

0-664 

40 

0-6902 

0-6895 

0-664 

0-6886 

0-665 

50 

0-6995 

0-6984 

0-659 

0-6974 

0-667 

60  0-7092        0-7075        0-648        0-7061         0-662 

m-Dinitrobenzene  is  probably  not  so  "  normal "  a  substance  as 
phenanthrene,  for  the  nitro-compounds  show,  as  a  rule,  an  appreciable 
amount  of  molecular  association.  It  will  be  noticed  from  the  above 
tables  that  in  all  the  solvents  there  is  a  slight  increase  in  the  specific 
volume  of  the  solute  in  solution  with  increase  of  concentration,  and 
the  values  of  v  vary  more  than  in  the  case  of  phenanthrene  from  one 
solvent  to  another. 

Determinations  with  the  Pyhnometer. 

Two  pyknometers  have  been  used,  one  of  small  volume  (about 
5*2  c.c.)  for  large  concentrations,  and  the  other  (about  14-5  c.c.)  for  the 
more  dilute  solutions.  Both  pyknometers  were  made  of  fused  quartz, 
pyknometers  of  this  material  possessing  the  great  advantage  over 
glass  instruments  of  changing  only  very  slightly  in  volume 
when  heated,  and  of  being  much  less  soluble  in  water.  They  were 
provided  with  small  ground  glass  caps  for  the  ends  of  the  capillary 
tubes.  Their  volumes  were  determined  to  0  0001  c.c.  by  weighing 
them  filled  with  air-free  distilled  water  at  25°,  taking  the  specific 
volume  of  water  at  this  temperature  to  be  1-002937.  All  the  deter- 
minations were  made  at  the  constant  tempex'ature  of  25-00°,  the 
pyknometers  being  immersed  in  a  large  volume  of  water  maintained  at 
this  temperature  by  a  sensitive  thermoregulator.  The  weighings  of 
the  pyknometer  filled  with  the  solutions  were  made  to  0-0001  gram. 
Every  solution  investigated  was  made  up  by  direct  weighing  of  solute 
and  solvent,  and  to  diminish  the  error  introduced  by  the  unavoidable 
loss  by  evaporation  of  a  slight  amount  of  the  solvent,  several  times 
more  solution  was  prepared  than  was  necessary  to  fill  the  pykt.ometer. 
All  the  weighings  were  reduced  to  a  vacuum.  The  mean  probable 
error  in  the  specific  volume  determinations  by  the  smaller  pyknometer 
is  about  0*00006,  and  with  the  larger  pyknometer  about  0*00002. 
When  the  concentration  of  the  solution  was  more  than  about  8  per 
cent,,  the  specific  volume  was  determined  with  the  suiall  pyknometer; 
for  smaller  concentrations  the  larger  pyknometer  was  used. 

In  the  following  tables  are  given  the  results  of  the  determinations 
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for  the  constant  temperature  of  25-00°  of  several  solutes  in  various 
solvents  and  at  various  concentrations. 

TJie  Specific  Volume  of  T^-Dibromobenzene  in  Various  Solvents  at  25*00°. 

In  the  following  tables  : 

A   =  percentage  concentration  of  the  solution. 
aS'j  =  specific  volume  of  solution  at  25-00°. 
V    —  specific  volume  of  solute  in  solution  at  25-00°. 
Sq  =  specific  volume  of  solvent  at  25-00°. 


In  Benzene  {Sq  =  1-1U97). 


A. 

5-067 

9-863 

22-935 

37-895 


1-11453 
1-08853 
1-02689 
0-97129 


V. 

0-513 
0-516 
0-512 
0-514 


In  Toluene  {SQ=\-imU). 

Si.  V. 


A. 

3-919 

8-395 

15-782 

30-966 


1-13635 
1-11054 
1-07155 
1-00682 


0-508 
0-508 
0-505 
0-509 


In  Acetic  EsUr  (aS'o=  1-11794). 


A. 

3-268 

5-599 

7-642 

14-097 

25-157 


S,. 
1-09769 
1-08516 
1  07443 
1-04233 
0-99555 


V. 

0-479 
0-499 
0-505 
0-506 
0-508 


In  CUoroJwm  (^o  =  0-67688). 


A. 
2-222 
4-355 
9-973 


0  ■673-23 
0-66965 
0-66135 


V. 

0-507 
0-505 
0-505 


In  Carbon  Tetrachloride 
(.^0  =  0-63121). 


A. 

S,. 

V. 

2-615 
7710 

0-62809 
0-62230 

0-508 
0-507 

In  Carbon  Bisulphide 
(aS'o  =  0-79638). 

A. 

S,. 

V. 

3-979 
8-704 
1-087 

0-78555 
077366 
076835 

0-513 
0-512 
0-515 

In  Ethyl  Bromide 
(aS'o  =  0-69521). 


A. 

Sy 

V. 

3-697 

0-68808 

0-494 

4-008 

0-68762 

0-496 

In  EthylEther  (^o=  ^  "41236). 


A. 

S,. 

V. 

2788 

1-88640 

0-456 

8-099 

1-84107 

0-461 

8-461 

1-33855 

0-466 

8-638 

1  -26362 

0-466 

In  Hexane  (aS'o=  1-48795). 


A. 
4-371 


S,. 
1-44665 


V. 

0-602 


In  iso Ami/l  Acetate 
(6'o=  1-15998). 


A. 

3-648 


5-,. 
1-10879 


V. 

0-510 


It  will  be  seen  from  the  above  tables  that  the  specific  volume  (v)  of 
the  dibromobenzene  remains  constant  (within  the  errors  of  experiment) 
for  any  one  solvent  with  the  exception  of  acetic  ester  and  ethyl  ether, 
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with  which  it  increases  with  increa&e  of  the  concentration.  The  nature  of 
the  solvent  in  the  other  cases  has  a  distinct  effect  on  the  value  of  v, 
varying  from  0*495  in  ethyl  bromide  to  0*513  in  benzene,  or  about 
3 '5  per  cent. 


The  Specific  Volume  of  Diphenyl  in  Various  Solvents  at  25*00° 
In  Benzene.  In  Toluene. 


A. 

2*003 

5*492 

10736 

14*876 

18-118 


•14155 
•13588 
•12767 
•12175 
■11738 


©•970 
0^970 
0-967 
©•965 
0-965 


A. 

2*699 

4-515 

9-814 

13*543 

31-867 


-15570 
-15238 
•14291 
-13751 
•11279 


V. 

0-961 
0-963 
0-959 
0-964 
0^962 


A. 
2-000 

4-908 

9^147 

11^558 

20^764 


In  Acetic  Ester. 

Sv 
1^11459 

1^11009 
1-10369 
1*10095 
1-08902 


0-947 
0-950 
0-947 
0-953 
0-949 


A. 

1*654 

4*375 

5*616 

11*457 

15*136 


In  Chloroform. 

0-68131 
0-68859 
0-69204 
0*70635 
0-71490 


V. 

0-947 
0*955 
0-962 
0-964 
0-966 


A. 
2*121 

6-877 


In  Heocane. 

1*47639 
1*45240 


0*931 
0*935 


In  ISO Amyl  Acetate. 


A. 

7^467 
12^911 


^1. 
1^14579 
1*13672 


0*956 
0*956 


In  Nitrohmzene  (/S'o  =  0*8350). 


A. 

1-934 
4*438 


0*83760 
0*84103 


0^967 
0-975 


In  Carbon  Bisulphide. 


A. 

3-958 
13-253 


0-80315 
0-81753 


0-974 
0-977 


In  Ethyl  Ether. 


A. 

2-160 

3-788 

8-761 

12-617 


S,. 
1*40152 
1*39356 
1*37057 
1*35310 


0-900 
0-898 
0-894 
0*891 


It  will  be  noticed  in  the  case  of  diphenyl  that  variations  from 
constancy  of  the  value  of  v  are  more  marked  than  in  the  previous  case. 
In  benzene  v  decreases  slightly  with  increase  of  concentration,  whilst 
in  chloroform  the  opposite  is  the  case.  As  before,  the  values  in  ether 
are  much  lower  than  in  any  of  the  other  solvents,  and  a  slight  fall  of 
V  occurs  with  increase  of  the  concentration.  The  values  in  carbon 
disulphide  and  nitrobenzene  are  much  greater  than  the  average. 
The  percentage  difference  between  the  highest  (0*977)  and  the  lowest 
(0-891)  is  about  9. 
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The  Specific  Volume  of  Acenaphthene  on  Various  Solvents  at  25  •00°. 
In  Benzene.  In  Toluene. 


A. 

<sv 

r. 

S,. 

V. 

1-904 

1-14054 

0-907 

2-143 

1-15572 

0-911 

4-705 

113456 

0-913 

5-644 

1-14753 

0-909 

8-480 

1-1-2674 

0-912 

10-188 

1-13784 

0-911 

14-370 

1-11610 
In  Acetic  Ester. 

0-915 

21  108 

In 

111756 
Chloroform 

0-912 

A. 

Si- 

r. 

A. 

S,. 

V. 

3-769 

1-10984 

0-895 

1-515 

0-68064 

0-931 

7-022 

1-103-24 

0-894 

4-131 

0-68645 

0-919 

12-246 

1-09422 

0-900 

7-963 
15-207 

0-69461 
0-70920 

0-918 
0-922 

In  Hexane. 

In  Nitrobenzene. 

A. 

S,. 

r. 

A. 

S,. 

V. 

3-205 

1-46880  f 

0-871 

2-915 

0-83763 

0-924 

4-945 

1-45910 

0-875 

4-020 

0-83858 

0-925 

In  Ethy 

I  Ether. 

A. 

S 

1- 

V. 

3-962 

l-3£ 

015 

0-82d 

6  8-29 

1-37 

509 

0-829 

8-083 

l-3€ 

922 

0-835 

As  in  the  previous  case?,  low  values  of  v  for  acenaphthene  are  shown 
in  ethyl  ether  and  hexane,  and  high  values  iu  nitrobenzene.  The  value 
increases  with  the  concentration  in  acetic  ester.  The  value  0'931  in 
chloroform  is  very  probably  too  high. 

Tlie  Specific  Volume  of  Benzil  in  Various  Solvents. 
In  Benzene.  In  Toluene. 


A. 

Sx. 

V. 

1  -931 

1-13942 

0-850 

6-030 

1-12808 

0-848 

6-324 

1-12752 

0-851 

13-962 

1-10903 

0851 

20-558 

1  -09488 

0-851 

In 

Acetic  Ester. 

A. 

S,. 

7*. 

2-034 

11 1221 

0-830 

4-411 

1-10601 

0-835 

7-517 

1-09810 

0-834 

17-839 

1-07552 

0-837 

VOL.    XCVIL 

A. 

Sv 

r. 

2-863 

1-15225 

0-848 

4-358 

1-14778 

0-846 

7-183 

1-13968 

0-S44 

20-401 

1-10818 

0-S50 

28-260 

1  -09264 

0-851 

In 

Chloroform. 

A. 

S,. 

r. 

2-074 

0-68018 

0-843 

3  97.^ 

0-68315 

0  842 

10-508 

0  69-290 

0-846 

18-093 

0-70349 

0-851 

8  I 
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TJie  Specific  Volume  of  Benzil  in   Varioue  Solvents — (continued). 
In  Nitrobenzene.  In  Ethyl  Ether. 


A. 

S,. 

V. 

A. 

S,. 

V. 

1-836 

0-83570 

0-868 

2-145 

1-39909 

0-781 

4-869 

0-83662 

0-868 

5-062 

1-38164 

0-775 

11-723 

1-34574 

0-777 

The  value  of  v  in  toluene  shows  irregularities  at  small  concentra- 
tions, but  assumes  a  value  identical  with  that  in  benzene  at  higher 
concentrations.  In  acetic  ester  there  is  a  consistent  increase  with 
increase  of  concentration.  Again,  in  nitrobenzene  the  values  are 
highest,  and  lowest  in  ether. 


The  Specific  Volume  of  Azohenzene  in  Various  Solvents  at  25-00°. 
In  Benzene.  In  Toluene. 


A. 

S,. 

V. 

1-984 

1-14060 

0-920 

8-971 

1-13625 

0-916 

7-866 

1-12867 

0-921 

15-799 

1-11421 
In  Acetic  Acid. 

0-919 

A. 

S,. 

V. 

2-013 

1-11364 

0-900 

4-873 

1-10777 

0-899 

11-757 

1-09527 

0-902 

14-204 

1-09106 

0-902 

A. 

&\. 

V. 

2-924 

1-15367 

0-905 

4-670 

1-14985 

0912 

9-346 

1-13974 

0-913 

12-006 

1-13471 
In  Chloroform. 

0-916 

A. 

&\. 

V. 

3-216 

0-68419 

0-910 

8-087 

0-69452 

0-912 

12-143 

0-70295 

0918 

In  Ethyl  Ether. 


A. 

Si. 

V. 

2055 

1-40123 

0-860 

6-192 

1-37957 

0-850 

9-326 

1-36359 

0-841 

19-892 

1-31929 
In  Hexane. 

0-851 

A. 

Sv 

V. 

1-405 

1-47974 

0-895 

8-811 

1-46632 

0-899 

In  Carbon  Bisulphide. 


A. 

S,. 

1'-. 

1-035 

0-79763 

0-9]  8 

6-670 

0-80475 

0-930 

16-442 

0-81539 
In  Nitrobenzene. 

0-931 

A. 

Sv 

V. 

1-879 

0-83689 

0-929 

4-689 

0-83939 

0*981 
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The  Specific  Volume  of  Durene  in  Various  Solvents  at  25  00°. 
In  Benzene.  In  Toluene. 


A. 

S,. 

V. 

2-663 

1-14555 

1-167 

7-571 

1-14591 

1-1.59 

10-572 

1-14636 

1-159 

15-787 

1-14669 

1-158 

18-951 

1-14624 

1-154 

30-322 

1-14657 
In  Acetic  Ester. 

1-159 

A. 

Sv 

V. 

1-144 

1-11798 

1-122 

3039 

1-11882 

1-147 

9-160 

1-12005 

1-132 

14-326 

1-12105 
In  Hexane. 

1-143 

A. 

Si- 

V. 

2-632 

1-47838 

1-114 

10-903 

1-45203 

1-123 

16-185 

1-45099 

1-222 

A. 

S,. 

V. 

3  032 

1-16083 

1-157 

7-262 

1-16013 

1-149 

7-080 

1-15992 

1145 

9-621 

1-15758 

1-140 

In  Chloroform. 

A. 

S,. 

V. 

1-983 

0-68636 

1-168 

4-876 

0-69941 

1-163 

11-286 

0-72558 

1-157 

16-167 

0-74363 

1-159 

In  Nitrobenzene. 


A. 

S,. 

V. 

2-058 

0-84094 

1-125 

6-129 

0-85196 

1-127 

It  will  be  noticed  that  in  most  cases  the  value  of  v  changes  with  the 
concentration.  Notice  the  abnormally  low  values  in  nitrobenzene 
and  comparatively  high  values  in  hexane  as  compared  with  the  values 
in  solvents  in  the  other  cases. 


The  Specific  Volume  of  Tripheni/lmet/iane  in  Various  Solvents  at  25-00° 
In  Benzene.  In  Toluene. 


A. 

S,. 

V. 

1-577 

1-14140 

0-930 

2-565 

1-13929 

0-927 

7-290 

1-13010 

0-9-26 

In  Acetic  Ester. 


A. 

S,. 

V. 

1-810 

111403 

0-900 

6-774 

1-10521 

0-917 

10-490 

1-09913 
In  Hexane. 

0-919 

A. 

Si- 

V. 

1-892 

1-47690 

0-893 

8105 

1-46998 

0-891 

A. 

Sv 

V. 

4-007 

1-15131 

0-916 

7-976 

1-14335 

0-922 

12-558 

1-13458 

0-917 

21-781 

1-11815 

0-921 

In  Chloi'o/orm. 

A. 

Sv 

V. 

2-748 

0-68340 

0-919 

7  333 

0-69373 

0-923 

7-551 

069442 

0-927 

10-138 

0-69997 

0-928 

e 

In 

Ethyl  Et/ier. 

A. 

Si- 

• 

1'571 

1-40391 

0-865 

8-507 

1-36896 

0-859 

8  T  2 
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The  above  case  is  of  particular  interest,  because  triphenjlmethane 
crystallises  from  benzene  with  one  molecule  of  benzene  of  crystallisa- 
tion (Kekule  and  Franchimont,  Ber.,  1872,  5,  967).  Moreover,  it  is 
probable,  although  not  conclusive,  that  in  solution  in  benzene  a  portion 
at  least  of  the  triphenylmethaue  exists  in  combination  with  the 
benzene.  This  does  not,  however,  seem  to  affect  at  all  considerably 
the  value  of  («).  It  is  unfortunate  that  a  limiting  solubility  prevents 
the  extension  of  the  experiments  in  this  case  any  further. 

It  might  be  stated  from  a  consideration  of  the  above  tables,  that  the 
specific  volume  of  the  solute  in  a  normal  solvent  is  approximately  a 
constant  independent  of  the  concentration  of  the  solution,  and,  with 
certain  limitations,  independent  of  the  solvent.  Although  the  term 
"  specific  volume  of  solute  in  solution  "  or  "specific  solution  volume  "  has 
been  used  throughout  this  paper,  it  is  not  intended  to  imply  that  this 
represents  the  actual  volume  occupied  by  the  solute  in  the  solution, 
but  the  term  is  used  from  considerations  of  usage  and  simplicity.  It 
has  been  usual  with  other  investigators  to  express  the  results  in 
terms  of  the  molecular  solution  volume,  but  as  no  particular 
advantages  appear  to  accrue  from  this  method,  the  results  here  have 
been  left  in  terms  of  the  specific  solution  volume. 

It  has  been  shown  repeatedly  in  a  few  cases  that  the  volume  of  the 
solute  in  solution  is  equal  to  the  volume  occupied  by  the  same  weight 
of  the  solute  when  in  the  liquid  state  at  the  same  temperature  (Beilby, 
loc.  cit.)  Lumsden,  loc.  cit.;  Forch,  loc.  cit.;  Dawson,  this  vol.,  p.  1041). 
Now  if  the  rule  that  the  specific  volume  of  the  solute  in  solution  is 
independent  of  the  concentration  holds  to  a  concentration  of  100  per 
cent,  (that  is,  pure  liquid  solute) — and  it  has  been  shown  in  the  above 
tables  that  it  holds  to  comparatively  large  concentrations — the  above 
observation  follows  at  once. 

In  spite  of  a  very  close  agreement  between  the  values  of  v  for  a 
given  solute  in  many  of  the  solvents,  there  is,  however,  a  distinct 
difference  between  the  values  of  v  in  one  solvent  from  the  values  in 
another.  If  the  tables  be  inspected,  it  will  be  noticed  that  there 
seems  to  be  some  connexion  between  the  nature  of  the  solvent  and  the 
variation  of  the  value  of  the  specific  solution  volume  of  the  solute  from 
a  certain  mean  value.  For  example,  in  every  case  the  values  in  ether 
are  lowest  aud  those  in  carbon  disulphide  or  nitrobenzene  highest.  If 
we  arrange  the  solvents  in  order  of  magnitude  of  the  specific  solution 
volume  of  a  solute,  we  obtain  approximately  the  following  sequence  in 
every  case  except  durene :  (1)  carbon  disulphide,  (2)  nitrobenzene, 
(3)  benzene,  (4)  toluene,  (5)  chloroform,  (6)  acetic  ester,  (7)  hexane, 
(8)  ethyl  ether. 

On  the  other  hand,  Dawson  {loc.  cit.)  showed  that  in  the  two  cases 
be  investigated  (iodine  and  naphthalene)  no  such  similaiity  in  arrange- 
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ment  was  observable.  The  order  for  naphthalene  is,  however,  very 
similar  to  the  above.  The  two  cases,  iodine  and  durene,  are  quite 
apart,  showing  an  entirely  different  order  of  arrangement  of  solvents. 
And  it  will  be  seen  from  the  table  that  the  specific  volume  of  durene 
in  solution  varies  also  with  the  concentration,  and  this  is  strong 
evidence  that  in  this  case  chemical  changes  occur  in  the  solution,  such 
as  association  or  dissociation,  for,  in  aqueous  solutions  where  these 
chemical  changes  are  known  to  take  place,  similar  variations  of  the 
volume  of  the  solute  are  observed. 

This,  however,  will  not  suffice  to  explain  the  influence  of  the  solvent. 
Let  us  consider  the  matter  from  the  point  of  view  of  the  molecular 
theory.  In  the  ideal  case  no  change  in  volume  occurs  on  formation  of 
a  solution  whatever  the  nature  of  the  solvent.  That  is  to  say,  the 
space  taken  up  by  each  molecule  of  the  solute  is  independent  of  the 
nature  of  the  surrounding  molecules.  Now,  in  virtue  of  its  kinetic 
energy,  each  molecule  in  a  liquid  exerts  a  certain  pressure,  which  is 
proportional  to  the  value  of  this  energy,  and  depends  also  on  the  mean 
distance  between  two  adjacent  molecules.  This  pressure  is  counter- 
balanced by  a  molecular  force  of  attraction.  Therefore  if  a  molecule 
of  a  solute,  when  surrounded  by  an  atmosphere  of  solvent  molecules, 
is  to  occupy  the  same  volume  as  in  its  own  liquid  at  the  same 
temperature,  then  the  attractive  force  acting  on  the  molecule  must 
be  the  same  in  both  cases.  If  this  attractive  force  is  greater,  there 
will  ensue  a  closer  grouping  of  solvent  molecules  around  each  molecule 
of  solute  (this  does  not  mean  that  the  two  necessarily  combine),  and 
the  observed  specific  solution  volume  of  the  solute  will  be  diminished. 
This  attractive  force  is  identical  with  the  force  which  undoubtedly 
plays  a  part  in  the  dissolution  of  a  solute,  and,  to  .some  extent,  the 
solubility  (if  small)  might  be  regarded  as  a  measure  of  this  attractive 
force,  but  other  factors  come  into  consideration  complicating  the 
matter  (see  this  vol.,  p.  1778). 

In  the  contraction  or  expansion  of  the  solvent  its  compressibility 
must  be  taken  into  consideration.  The  extent  of  this  contraction  or 
expansion  will  depend  on  two  factors,  namely  :  (1)  the  force  of  attrac- 
tion between  the  molecule  of  solute  and  the  surrounding  solvent 
molecules  ;  (2)  the  pressure  or  force  necessary  to  bring  about  a  very 
small  change  in  the  mean  distance  l)etween  the  molecules  of  the 
solvent.  The  latter  factor  is  the  more  important,  and  is  approximately 
proportional  to  the  product  of  the  compressibility,  )3,  and  the  molecular 
volume,  r.  If  we  arrange  the  solvents  used  in  the  above  experiments 
in  order  of  the  values  of  ^V,  we  get  approximately  the  following 
sequence :  (1)  carbon  disulphide,  (2)  benzene,  (3)  toluene,  (4) 
chloroform,   (5)  ethyl  acetate,  (6)  hexane,  (7)  ethyl  ether. 

This  is  exactly  the  same  order  of  arrangement  as  given  above  for 
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the  variation  of  the  specific  volume  of  a  solute.  This  is  strong 
evidence  in  favour  of  the  view  that  a  connexion  exists  between  the 
compressibility  of  a  solvent  and  the  volume  which  a  solute,  when 
dissolved  in  it,  takes  up.  There  is,  however,  the  other  factor  to  be 
considered.  It  is  probable  that  with  substances  of  nearly  equal 
molecular  solubility,  this  factor  is  constant,  but  at  this  stage  of  the 
subject  there  is  not  sufficient  experimental  data  to  make  a  systematic 
examination  of  the  hypothesis. 

In  the  ideal  case  when  the  attraction  of  the  molecules  of  the  solvent 
for  a  molecule  of  a  dissolved  solute  is  equal  to  the  attraction  exerted 
on  the  molecule  when  present  in  the  pure  liquid  solute  at  the  same 
temperature,  the  volume  change  occurring  on  the  formation  of  the 
solution  will  be  due  entirely  to  the  solute,  and  the  property  will  be 
strictly  additive. 

The  Chemical  Department, 

The  University,  Manchester. 


CCLXIX. — Studies  of  Dynamic  Isomerism.  Part  XII. 
The  Equations  for  Two  Consecutive  Unimolecular 
Changes. 

By  Thomas  Martin  Lowry,  D.Sc,  and  William  Thomas  John, 

B.A.,  B.Sc. 

The  problem  considered  in  the  following  pages  is  to  determine  the 
course  of  a  chemical  change  which  proceeds  in  two  stages,  each 
reversible  and  each  obeying  the  unimolecular  law.  Two  cases  are 
considered : 

(1)  That  in  which  the  total  quantity  of  material  is  constant,  as 
is  usually  the  case  when  isomeric  changes  are  studied  in  solution. 

(2)  That  in  which  the  concentration  of  one  of  the  constituents  is 
kept  constant,  as,  for  instance,  when  isomeric  change  takes  place  in  a 
solution  saturated  with  one  of  the  isomerides. 

Work  in  this  direction  has  already  been  done  by  Harcourt  and 
Esson  {Phil.  Trans.,  1866,  156,  193)  and  by  Mellor  {Chemical  Statics 
and  Dynamics,  Chapter  V),  who  has  given  the  equations  for  two  con- 
secutive non-reversible  actions:  X — -  Y  —^  Z  (loc.  cit.,  pp.  98,  114), 
and  has  calculated  the  course  of  the  action  in  one  particular  case. 
P.  V.  Bevan  {Phil.  Trans.,  1904,  A.  202,  71)  has  given  the  equations, 
and  has  calculated  one  series  of  values   for  the  case  X  7^  Y  -^  Z. 
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Finally,  Rakowski  (Zeitsch.  physikal.  Chem.,  1906,  57,  321)  has  investi- 
gated the  general  case  of  n  consecutive  unimolecular  actions,  and  has 
plotted  series  of  curves  for  the  special  cases  X  —*^  Y  —*  Z*  and 
X  —*  Y 7Z  Z.  General  equations  for  the  case  XZHY^Z  were 
given  by  Eakowski,  but  no  further  investigation  was  made. 

The  inquiry,  of  which  the  results  are  now  described,  was  begun  in 
1903,  at  which  date  the  majority  of  the  solutions  referred  to  above 
were  not  available.  It  was  hoped  that  the  study  of  the  equations  for 
the  action  X^^  Y^^  Z  might  throw  light  on  the  question  of  the 
existence  in  aqueous  solutions  of  dextrose  of  a  substance  intermediate 
between  a-  and  /3-glucose  (compare  Trans.,  1903,  83,  1314).  At  the 
request  of  one  of  us,  the  equations  shown  on  p.  2642  were  then  worked 
out  by  Mr.  H.  Klugh,  of  the  Central  Technical  College,  for  the  case 
in  which  the  concentration  of  one  of  the  constituents  is  kept  constant 
by  contact  with  the  solid.  This  case,  so  far  as  we  are  aware,  has  not 
been  considered  by  any  other  investigator.  The  comparison  of  theory 
and  experiment  presented,  in  the  case  of  the  sugars,  difficulties  which 
were  sufficiently  great  to  prevent  the  utilisation  at  the  time  of  the 
information  which  had  been  obtained ;  but  the  recent  discovery  of  a 
series  of  inflected  mutarotation  curves  rendered  urgent  the  study  of  the 
commoner  case  in  which  the  sum  of  the  concentrations  is  constant,  and 
led  to  the  detailed  inquiry  recorded  below. 

Previous  investigators  have  shown  that  under  certain  conditions 
the  intermediate  substance  Y  increases  to  a  maximum  concentration 
and  then  decreases  again,  whilst  the  concentration  of  the  final  product 
Z  gives  rise  to  an  inflected  curve  when  plotted  against  t.  Our  own 
inquiry  has  included  the  study  of  the  intermediate  substance,  but 
special  attention  has  been  paid  to  the  inflected  curves  for  the  final 
product,  and  a  method  has  been  devised  whereby  these  curves  may  be 
characterised  readily  by  drawing  or  calculating  the  intercepts  of  the 
stationary  tangent  on  the  lines  which  indicate  the  initial  and  final 
concentrations  of  the  product. 


General  Solution.     Case  I. 

i  If  the  concentrations  of  the  three  substances  X,  Y,  and  Z  be  repre- 

]        sented  by  x,  y,  and  «,  and  the  four  velocity  constants  by  k^,  k^  ^3,  k^t 
as  shown  in  the  scheme  : 

A;,       Ag 

xzzYiz:  z, 

•  Coni|>aro  Walker,  ZcUxh.  physical.  C?um.,  1899,  28,  177. 
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the  fundamental  equations  are  : 

dt  ^         ^ 

In  the  case  of  unsaturated  solutions  in  which  the  total  concentration  is 
constant:  a  +  y +  2!  =  const.  =  1,  the  constant  being  taken  as  unity  in 
order  to  simplify  the  algebraical  working.  The  assumption  has  also 
been  made  that  the  experiments  are  carried  out  with  materials 
initially  homogeneous,  so  that  when  i  =  0,  x  =  \,  y  =  0,  z  =  0,  and  in 
addition  dz/dt  =  0. 

The  solution  of  the  differential  equations  is  as  follows  ; 

X  =  x^  I  -     ^^     e -  "M<  +     "^1     e  -  '»2«  + 1 1  +  "'g  ~  ^^e  -  ™i«  +  hli^h- "^2< 


'2  "~  ""1  ^2  ~  *"l 


°°  I     k^{m^  -  m^)  ^3(^2  -  ^h)  -' 

=  ^00  I-      "^^     e-"'i<+      ""^     e-"'2<  +  l\ 
I     wio  -  mi  mo-m-,  J 


z 
where 


•^rri    ~" 


2"'3 

CO 


2/00 


2J;v^   — 


2    8       aJiA/o  "t*  fC-yKj 

fCnKn     I     fC-tfCo     I     fv-ttCt 

2^3  13   '   '^i ''''4 


Wig  =  |{(^i  +  A;^  +  ^3  +  ^4)  +   v/(V*^7+ ^3  +  ^4)^  -  '*(^'2'^3  +  ^1^3  +  ^i^i)\^ 

These  functions  undergo  a  remarkable  simplification  when  one  or 
more  of  the  velocity  constants  is  reduced  to  zero.  Thus,  if  the  first 
stage  of  the  action  is  non-reversible,  k^  =  0,  and  the  m  functions  are 
reduced  to  the  simple  form  : 

if  the  second  stage  of  the  action  is  non-reversible,  ^4  =  0,  and 

m^=k^  +  k.2  ;  wig  —  ^'3  ') 

if  both  stages  are  non-reversible,  ^g  =  ^4  =  0>  ^^^ 

m^  =  k^  ',  m^  =  «3, 
or  vice  versa. 
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Under  these  conditions,  the  original  equations  can  be  given  in  terms 
of  the  velocity  constants  without  making  use  of  7??^  and  7».,-  But  the 
simplified  equations,  as  investigated  by  Mellor,  by  Bevan,  and  by 
Rakowski,  are  of  very  little  value  in  the  study  of  dynamic  isomerism, 
since  they  can  only  be  applied  to  non-reversible  isomeric  changes,  and 
are  inapplicable  in  all  those  cases  in  which  the  original  substance  can 
be  recovered  from  its  solutions  by  recrystallisation.  We  have  therefore 
been  obliged  to  devote  our  attention  to  discovering  exactly  how  much 
information  can  ba  obtained  from  the  study  of  the  experimental  curves 
in  the  general  case  in  which  both  actions  are  reversible  and  all  the 
four  constants  are  finite  and  unknown. 

Form  of  the  yt  Curves.     Case  I. 

The  chief  feature  of  the  yt  curves  is  the  occurrence  under  some  con- 
ditions of  a  maximum  concentration,  followed  by  a  decrease  to  the 
limiting  value  y^  .  The  condition  dyjdt  =  0  gives  for  the  co-ordinates 
of  the  maximum  the  values : 

tm    =     -1— l0g.^^ 


If  ^'3  lies  between  wij  and  m.,  the  ratio   -2_3  is  negative  and  the 

logarithm  imaginary ;  the  yt  curve  then  runs  up  steadily  from  the 
origin  to  the  limiting  value  without  passing  through  an  intermediate 
maximum. 

A  maximum  would  occur  if  k_^  were  greater  than  m^  or  less  than  nij. 
The  former  condition  we  have  proved  to  be  impossible.  As  regards 
the  relative  magnitudes  of  ^-3  and  tWj,  we  have  found  that  when  k^  is 
equal  to  wij,  k^  =  kj^  =  tni,  whilst  kg^nii  gives  k^^k^  The  occurrence  of 
a  maximum  in  the  yt  curve  thus  depends  only  on  the  relative  magni- 
tude of  ^3  and  i-j  ;  if  ^g^^j,  no  maximum  can  be  developed  whatever 
values  are  assigned  to  k^  and  k^,  whilst  if  k^-Ck^,  a  maximum  always 
appears. 

It  is  noteworthy  that  when  k^  =  Aj,  the  e-'n*  factor  of  the  yt  equation 
vanishes  and  the  curve  assumes  the  simple  logarithmic  form  character- 
istic of  a  single  unimolecular  action. 

The  dependence  of  the  form  of  the  yt  curve  on  the  constants  yt,  and 
A-g,  and  the  small  influence  of  the  constants  k^  and  k^,  naturally  extend 
to  the  simpler  cases  in  which  A;.^  or  ^^  =  0;  they  were  pointed  out  by 
Rakowski  as  applying  under  these  conditions,  but  the  general  case 
had  not  been  investigated  previously. 
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Form  of  the  zt  Curves.     Case  I. 

The  curves   connecting   z  and   t   are   characterised   by   an    initial 

dz 
"period  of  induction,"   when  -^  =  0,   and   by  a   point   of    inflexion 

d^z      ^ 
where  ^  =  0.     In  dealing  with  an  experimental  curve,  the  existence 

of  a  true  period  of  induction  may  be  demonstrated  by  the  constancy 


of  the  initial  values  of  «,  but  its  duration  is  merely  a  question  of  the 
period  which  elapses  before  the  sensitiveness  of  the  methods  of 
measurements  allows  of  the  detection  of  the  gradual  change  in  these 
values  and  has  no  quantitative  value  whatever.  The  inflexion  has, 
however,  definite  quantitative  features  which  may  be  recognised  readily 
in  the  experimental  curves.  Of  these,  we  attach  special  importance  to 
two  features  which  are  independent  of  the  actual  velocity  of  change, 
a  point  of  some  importance  iu  dealing  with  changes  which  depend  on 
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the  presence  of  a  catalyst  or  impurity,  and  proceed  with  different 
velocities  in  the  case  of  samples  of  different  degrees  of  purity.  These 
features  are  the  co-ordinate  Zi  of  the  point  of  inflexion,  especially 
when  expressed  by  the  ratio  Zi/z^  and  the  ratio  ta/ti,  of  the 
intercepts  t^  and  ti,  of  the  stationary  tangent  upon  the  lines  z  —  0 
and  z  =  z-^  . 

d^z 
The    condition    "372  =  ^   gives   for   the   point   of   inflexion  the    co- 
ordinates : 

wig  ~  *^i         *^ 


=    1  _  *"2  +  "h/^*"a 


Unlike  the  co-ordinates  for  the  maximum  in  the  yt  curve,  these 
expressions  are  always  real,  and  the  point  of  inflexion  is  a  regular 
feature  of  all  the  zt  curves. 

The  tangent  at  the  point  of  inflexion  is  given  by  the  equation  : 

z-Zi  =  m{t  -  ti), 
where 


'00 

wio  —  m 


~i 


The  intercepts,  obtained  by  substituting  c  =  0  and  z^Zqq  in  the 
above  equation,  are  given  by 

ta    =    ti    -    ^i/'W 
tb   =    ti   +    (2oo  -^V"*- 
The  intercept-ratio  is  then  found  by  substitution  to  be 

^-  =  1  -  fey"i,/(^i_iog.'?^  +  ^i±^a. 

tb  \m^/  I  [m^  -m^    °  m^  *»i     J 

It  will  be  noticed  that  the  ratios  Zi/z^^  and  ta/tb  depend  directly  on 
the  ratio  mjm^,  but  that  none  of  the  individual  velocity  constants  are 
present  in  the  formulae  by  which  the  values  of  these  ratios  are  deter- 
mined. The  experimental  study  of  the  zt  curves  can  therefore  be 
used  to  determine  the  ratio  mjm^,  but  is  only  indirectly  of  value  in 
determining  the  magnitudes  of  the  individual  velocity  constants.  The 
expressions  which  give  the  ratios  2,/«oo  and  ta/tb  in  terms  of  w,  and 
THjare  too  complex  to  be  solved  easily,  even  when  the  numerical  values 
of  these  ratios  are  known  ;  we  have  therefore  calculated  the  following 
table,  from  which  the  values  of  mjm^  corresponding  with  any  given 
values  of  Zijz^  and  ta/to  may  be  determined  by  interpolation  : 
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Table  I. 


mjmi  or  mjm^ 

^i/^QO 

talk 

6-0 

0-185 

0-0607 

5-0 

0-198 

0-0667 

4-0 

0-213 

0-0720 

3-0 

0-230 

0  0800 

2-5 

0-240 

0-0841 

2-0 

0-2f.0 

0-0881 

1-4 

0-261 

0-0924 

1-2 

0-263 

0-0934 

1-1 

0-264 

0  0938 

1-0 

0-264 

0-0939 

limiting 

values, 

when 

m 

2/"h  =  ^ 

are 

^i 

_ 

1-? 

=    0 

264, 

^00 

e 

ta 

__ 

1  -1 

=   00939: 

th 

3 

it  follows,  therefore,  that  if  an  experimental  curve  gives  values  in 
excess  of  these  figures  it  cannot  be  due  to  two  successive  unimolecular 
changes,  but  probably  depends  on  some  more  complex  sequence. 

Having  determined  the  ratio  m^jm.^  from  the  ratios  Zijz^    and  tajhy 


-loge— ?     the    in 


it    would  be    easy   to    deduce   from    U    =     — 

m^  —  m^       "^1 

dividual  values  of  m^  and  m-^,  but  these  would  probably  be  found  to 
vary  widely  according  to  the  amount  of  catalyst  or  impurity  present 
in  the  experimental  material ;  it  is  for  this  reason  that  we  have  laid 
special  emphasis  on  determining  the  ratio  mjmj^  and  the  ratios 
k^ :  k.2 :  k^  :  k^,  rather  than  the  absolute  values  of  these  quantities.  As 
a  trace  of  catalyst  cannot  alter  the  character  of  the  final  equilibrium, 
the  ratios  ^2/^2  ^°^  ^s/^i  must  be  independent  of  the  speed  of  the  action  ; 
a  similar  statement  would  probably  be  true  of  the  ratios  ki/k.2 :  ^'3/^:4 
and  m^jm^  if  the  quantity,  and  not  the  nature,  of  the  catalyst  were 
changed,  but  an  alteration  in  the  relative  speeds  of  the  two  stages  of 
the  action  might  be  produced  if  a  different  catalyst  were  introduced 
into  the  system. 

Transposition  of  Constants.     Case  I. 

On  examining  the  equations  given  above,  it  will  be  seen  that  the 
equations  connecting  z  and^,  as  well  as  the  equations  for  the  co-ordinates 
of  the  point  of  inflexion  and  for  the  stationary  tangent,  do  not  contain 
any  of  the  individual  velocity  constants,  except  in  so  far  as  these  serve 
to  determine  the  values  of  w,,  mg,  and  Sqq  .  It  therefore  follows  that 
when  z/z^  is  plotted  against  t,  the  course  of  the  curve  is  determined 
entirely  and  exclusively  by  the  values  of  Wj  and  m^.  From  this  fact 
some  important  conclusions  may  be  drawn. 
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1.  The  m  functions  are  symmetrical  in  reftrence  to  kjc^  and  ^cJc^.  It  is 
therefore  possible  to  interchange  k^  and  k.^  with  k^  and  k^  without 
altering  in  the  slightest  the  course  of  the  zt  curve.     Thus  : 

(a)  On  comparing  the  three  equilibria 

2  1  11  12^ 

1  —  1—1  1—1  —  1  1—1—1*, 

•2  1  11  11 

in  which  the  final  proportions  are  the  same  throughout,  but  the  relative 
velocity  of  the  two  changes  is  altered,  it  is  noteworthy  that  the  first 
and  third  give  identical  curves  for  z  and  t,  although  these  differ 
widely  from  the  curve  for  the  second  equilibrium  ;  the  three  yt  curves 
(which  involve  k^  are  also  entirely  different  from  one  another. 
(6)  In  the  case  of  the  equilibria : 


2  ^1 

2 
2 

1  —2 

1 

2 


1  —  1—2 


1  2 

2  —  2  —  1 

1  1 

1 


1—2  —  4  4  —  2  —  1 

\  1  2  1 

the  form  of  the  curve  obtained  by  plotting  zjz^  against  t  is  in  every 
respect  precisely  the  same  for  the  two  members  of  each  pair,  in  spite 
of  the  alterations  which  are  produced  in  the  values  of  z^  by  the 
transposition  of  the  constants.  It  is  a  noteworthy  contrast  that  the 
alteration  of  relative  velocities  on  passing  from 

0-5  1  11 

2::irl  —  1  to  2  —  1  —  1 

11  2  1 

alters  completely  the  form  of  the  zt  curve,  in  spite  of  the  fact  that  the 
ultimate  proportions  of  the  three  isomerides  remain  unchanged. 

2.  If  k^  =  k^tJi^  m  functions  contain  the  otiier  two  velocity  constants 
only  in  the  form  k^  +  k^.  It  is  therefore  possible  to  increase  k^  at  the 
expense  of  k^,  or  vice  versa,  without  affecting  in  the  slightest  the  form 
of  the  curve  for  zfz-j^  against  t.  Identical  curves  are  therefore  given 
by  the  equilibria  : 

22  2  8  22  22 

3  — 2r;l  2  — 2r^:2  1  — 2r=3  0  —  2=;  4, 

3  1  2  2  18  0  4 

in  which  the  equilibrium  is  gradually  displaced  in  favour  of  Z  at  the 
expense  of  A',  until  A'  disappears  altogether,  owing  to  the  non- 
reversibility  of  the  change  A'  — >-  Y. 

Even  more  remarkable  is  the  fact  that  when  ky  =  k^,  the  above 
transformation  can  bo  made  without  affecting  the  form  uf  yt  curve, 
which  remains  unaltered  (for  instance)  over  the  whole  range  from 

2  2  2  2 

4:sr:2r:;0      to       0  —  2r::4. 

4  0  0  2 

*  Tlie  final  projwrtions  of  r,  y,  and  ;  are  Iicre  shown  by  simple  intogers,  for 
example,  1:1:1,  instead  of  the  actual  value.t,  0*33  :  0*33  :0'33  uf  Xr^  :  ijao  :  Zg^. 
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In  the  former  limiting  case  the  third  isomeride  Z  is  not  formed  at  all 
since  h^  =  Q  ;  the  yt  curve  has  therefore  the  simple  unimolecular  form, 
and  this  form  is  retained  throughout  the  whole  series  of  equilibria. 
It  is  noteworthy  that  the  above  transformation  leaves  the  yt  curves 
unaltered,  and  not  merely  the  curves  for  2//2/00  against  t,  y^  (unlike 
«oQ  )  remaining  constant  in  value  throughout. 

General  Solution.     Case  II. 
The  fundamental  equations  for  a  saturated  solution  in   which  the 
concentration  of  the  original  substance  is  kept  constant  by  contact 
with  the  solid  are  : 

«   =1       -J   =   ^1  -  (^2  +  ^4)y  +  ^3« 

'dt   ^^^  ~  ^3«' 
the   initial   concentration   being    taken   again    as    unity  in   order  to 
simplify  the  algebraical  working. 
The  general  solution  is  : 

X=l     y    =    y^[    -     ^*-^2g-mst     _     ,^2j:l^3e-m4t    +     A 


^    -        ^4:      g-tnat    +    ^3_g-m4t   +   J 


\ 


where 


2/00   —17  ')     ^00  ~  l.  h' 


^^3=  11(^2  +  ^3  +  ^4)-  J{h  +  h-^hf  -  ^hh)* 
^4  =  M(h  +  h  +  K)  +  Jih  +  h  +  Kf  -  ^^J^z)* 

Form  of  the  Curves.     Case  II. 
The  condition,  dyldt  =  0,  for  a  maximum  in  the  yt  curve  leads  in 
this  case  to  the  equation  : 

tmKX.    =    logg  2 _4. 

wig  -  mj       k^-  W3 

The.  logarithm  is  imaginary  if  k^  lies  between  'n^^  and  wij.     This,  we 

find,  must  always  be  the  case  :  the  development  of  a  maximum  in  the 

yt  curve  is  therefore  impossible,  whatever  values  may  be  assigned  to 

the  velocity  constants. 

The  equation  for  the  zt  curve  is  remarkable  in  that  it  has  precisely 

the  same  form  as  in  Case  I,  the  only  difference  being  that  the  limiting 

value,  Zyrj ,  and  the  m  functions,  m^  and  m^^  are  derived  in  a  different 

way  from  the  velocity  constants  A;,,  k^,  k^,  and  k^.     The  difference  can 

be  expressed  very  simply  by  taking  the  expressions  for  the  unsaturated 

solution  of  Case  I  and  making  k^  =  0  in  order  to  convert  TOj  and  vi^  into 

mg  and  m^,  but  this  transformation  has  no  experimental  significmce,  aa 
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jtj  appears  in  the  expression  for  z^  .  It  is,  however,  important  to  notice 
that  the  ratio  mjm^  may  be  determined  from  the  experimental  values 
of  ^i/^Qo  and  ta/tb  for  a  saturated  solution  by  the  same  equations  and 
formulae  that  were  used  to  deduce  mjm^  in  the  case  of  an  unsaturated 
solution,  the  table  on  p.  2640  being  equally  applicable  in  either  case.  The 
alteration  in  the  form  of  the  7n  functions  has  the  effect  of  rendering 
them  unsymmetrical  in  reference  to  k■^^  and  k.y  and  k^  and  ^^  ;  as  a 
consequence  of  this  alteration  an  interchange  in  the  relative  velocities 
of  the  two  stages  of  the  action  cannot  be  made  without  altering  the 
form  of  the  zt  curve. 

Transposition  of  Constayits.     Case  II. 
The  most  important  transformations  in  Case  II  are  as  follows  : 

1 .  TJie  m  functions  do  not  contain  ^•^ ;  moreover,  this  constant  enters 
into  the  equations  for  yt  and  zt  only  as  determining  the  values  of  y^ 
and  «ao .  The  curves  for  yly-^r^  against  t,  and  for  zjz^  against  t, 
are  therefore  entirely  independent  of  ky  Identical  curves  are  thus 
given  by  the  equilibria  : 

O-o  1  11  2  1 

2^1—1  1  —  1  —  1  i—  1  —  1, 

11  11  11 

and  so  on,  up  to  the  limiting  case  when  h^  has  a  very  high  value  and 

the  action  becomes  non-reversible. 

2.  Tlie  va.  functions  are  symmetrical  in  reference  to  k»  and  ky  These 
constants  can  therefore  be  interchanged  without  affecting  the  form  of 
the  zt  curves,  the  value  of  z^  being  unaffected  by  the  transposition. 
Identical  zt  curves  are  therefore  given  by  the  four  equilibria : 

11  12  2  1  2  2 

2;=rl— 1  2  — 2r:^l  1  —  1  —  1  1—2  —  1, 

2  1  11  2  1  11 

the  identity  of  the  first  pair  with  the  second  pair  being  established  by 
means  of  the  first  transformation.  This  second  transformation  cannot 
be  effected  in  the  case  of  the  yt  curves,  which  depend  in  a  special  way 
on  the  value  of  k^ 

Numerical  Values. 

In  order  to  illustrate  the  form  of  the  curves,  values  have  been 
worked  out  for  y  and  z  against  t  in  the  case  of  the  three  equilibria  : 

2  1  11  IS 

1—1  —  1  1  —  1—1  1  —  1—1 

2  1  11  12 

both  for  unsaturated  solutions  (x  +  y  +  «— 1)  and  for  saturated 
solutions  (x  — 1).  It  will  be  noticed  that  the  final  equilibrium  is  the 
same  throughout,  but  that  there  is  an  increase  in  the  velocity  of  the 
first  or  of  the  second  stage  of  the  action  in  the  first  and  last 
cases. 

Case  I. — In  considering  the  unsaturated  solutions  one  of  the  most 
notable  features  is  the  maximum  in  the  yt  curve  when  the  velocity 
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constants  are  2211,  the  first  stage  proceeding  twice  as  rapidly  as  the 
second.  When  the  two  stages  are  equally  rapid,  the  curve,  for  con- 
stants 1111,  is  of  the  simple  unimolecular  type.  When  the  constants 
are  1122,  the  growth  of  y  is  checked  by  the  increased  velocity  with 
which  it  passes  into  z,  and  the  curve  falls  below  the  preceding  one 
of  unimolecular  type.  The  zt  curves  show  the  usual  "  period  of  induc- 
tion "  or  horizontal  tangent  at  the  origin,  and  also  exhibit  points  of 
inflexion ;  it  is  noteworthy  that  the  curve  becomes  more  inflected  if 
the  two  stages  are  made  to  proceed  with  unequal  velocities,  but  that 
identical  effects  are  produced  by  accelerating  either  the  first  or  the 
second  stage  of  the  action  ;  doubling  the  velocity  of  either  stage  raises 
the  point  of  inflexion  from  21*7  to  23*0  per  cent,  of  the  final  value,  and 
increases  the  ratio  of  the  intercepts  of  the  stationary  tangent  from 
0-075  to  0-080. 

Case  II. — The  six  curves  that  are  plotted  for  saturated  solutions 
call  for  but  little  comment.  Two  of  the  yt  curves,  those  for  constants 
1111  and  1122,  intersect  at  <  =  3  (approx.),  in  addition  to  being 
coincident  at  the  origin,  t  =  Q,  and  at  t  =  ^  .  The  zt  curves  are  all 
distinct,  the  inflected  character  of  the  curve  being  increased  by 
accelerating  the  first,  and  decreased  by  accelerating  the  second,  stage 
of  the  action,  the^ordinate  of  the  point  of  inflexion  being  changed 
from  0-175  to  0-187  and  0-146  respectively,  whilst  the  intercept  ratio, 
0-058,  is  increased  to  0062  in  the  former,  and  decreased  to  0-045  in 
the  latter,  case. 

Table  II.     Numerical  Values. 
Case  I.  Case  II. 

2//2/O0-                               ~/~oo-                              VlVaa-                             2/2oO- 
, . .  , ' ,, ^ ^, ,.         .. 

t.      2211.  nil.  1122.  2211.  nil.  1122.  2211.  1111.  1122.  2211.  1111.  1122. 


0-1 
0-2 
0-4 
06 
08 
10 
1-2 
1-4 
1-6 
1-8 
2  0 
2-5 
3-0 
4-0 
5  0 
10-0 


0-471 
0-753 
1-014 
1-091 
1-102 
1091 
1-075 
1-060 
1047 
1037 
1-029 
1-015 
1-008 
1  -002 
1-001 
1-000 


0-259 
0-451 
0-699 
0-835 
0-909 
0-950 
0-973 
0-985 
0-992 
0  995 
0-998 
0-999 
1-000 


0-248 
0-418 
0-624 
0-737 
0-807 
0-855 
0-889 
0-915 
0  934 
0  949 
0-960 
0  979 
0-989 
0-997 
0-999 
1-000 


t„,OTti    0-778  No   No  0 


or-^  1-102  max.  max.  0 

/,.    _  _  _  0 

/,,     _  _  _  1 

iai't,        -  —  -  0 


025 
082 
232 
383 
512 
619 
703 
769 
821 
861 
892 
943 
970 
991 
998 
000 


0-013 
0-046 
0155 
0-260 
0-356 
0-473 
0-562 
0-638 
0-701 
0-754 
0-798 
0-877 
0-925 
0-972 
0-990 
1-000 


0-173 
0-303 
0-478 
0-584 
0-654 
0-705 
0-744 
0-776 
0-802 
0-825 
0-845 
0-884 
0-914 
0-9.'')2 
0-973 
0-999 


091 

0^ 

•166 

0 

-282 

0 

-367 

0- 

■433 

0 

■486 

0 

•531 

0 

569 

0^ 

■603 

0 

■634 

0 

■662 

0 

-726 

0 

770 

0 

-843 

0- 

•893 

0^ 

■984 

0 

■087 
■154 
•254 
•328 
■388 
■441 
■489 
■532 
•572 
•608 
•641 
•711 
•768 
•850 
•904 
•990 


0^009 
0^055 
0^098 
0^177 
0^258 
0-335 
0-406 
0-470 
0-528 
0-580 
0-626 
0-721 
0-792 
0^884 
0^935 
0-997 


0^005 
0^016 
0055 
0104 
0^158 
0-213 
0267 
0319 
0-367 
0413 
0-455 
0-550 
0^636 
0^746 
0^827 
0  974 


0  009 
0^0^29 
0089 
0156 
0^224 
0^287 
0^347 
0401 
0461 
0-497 
0-540 
0  630 
0-703 
0-808 
0876 
0  986 


549  0^380 
230  0-217 

151  0-103 
883  1  380 
080  0-076 


No      No  No    0^623  0-861  0-669 

max.  max.  max.  0187  0175  0-146 

_        _  _     0-164  0  22.')  0-140 

_        _  —     3  6-2.-J  3  861  3  069 

_        _  _     0  062  0  058  0^045 
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Summary  and  Conclusions. 

1.  Equations  are  given  for  the  changes  of  concentration  which  take 
place  in  a  reversible  chemical  action  which  proceeds  in  two  stages, 
each  obeying  the  unimolecular  law.  When  the  total  concentration  is 
constant  the  intermediate  form  may  pass  through  a  maximum  concen- 
tration, but  this  is  I  not  possible  when  the  concentration  of  the 
initial  form  is  kept  constant,  for  instance,  by  saturation  with  the  solid. 
In  each  case,  however,  the  growth  of  the  third  form  is  represented  by- 
curves  which  exhibit  a  period  of  induction  and  a  point  of  inflexion. 

2.  The  occurrence  of  a  maximum  concentration  of  the  intermediate 
form  depends  exclusively  on  the  velocities  with  which  it  is  produced 
from  the  other  two  forms,  and  is  independent  of  the  velocities  with 
which  it  passes  into  these  forms. 

3.  The  inflected  curves  showing  the  growth  of  the  concentration  of 
the  final  product  are  independent  of  the  individual  velocity  constants, 
except  in  so  far  as  these  determine  the  value  of  certa  in  "  m  "  functions, 
involving  in  the  case  of  unsaturated  solutions  all  the  four  velocity 
constants,  but  in  the  case  of  a  saturated  solution  only  three  of  them. 
The  ratio  of  the  two  "  m,"  functions  can  be  deduced  from  the  concen- 
tration at  which  the  point  of  inflexion  occurs,  or  by  drawing  the 
stationary  tangent  and  measuring  its  intercepts  on  the  lines  show- 
ing the  initial  and  final  concentrations  of  the  product.  If  the 
concentration  at  the  point  of  inflexion  is  greater  than  264  per  cent, 
of  the  final  concentration,  or  if  the  ratio  of  the  intercepts  is  greater 
than  0*0939,  the  curve  cannot  bo  due  to  tvFo  consecutive  unimolecular 
actions  and  must  depend  on  some  more  complex  sequence. 

130,  horseferry  road, 
Westminster,  S.W. 


CCLXX. — TJieDinitro-deHvatives  of  Dimethyl -i^-toluidine 

By  Gilbert  T.  Morgan  and  Arthur  Clayton. 

The  nitration  of  aromatic  amines  under  various  conditions  presents 
certain  features  of  considerable  theoretical  interest  in  connexion 
with  the  mode  in  which  substitution  occurs  in  the  aromatic  nucleus. 

In  many  cases  it  is  found  desirable  to  moderate  the  action  of 
nitric  acid  on  these  bases  by  nitrating  them  in  the  form  of  their 
acyl  derivatives,  the  acetyl  compound  being  most  frequently 
employed  for  this  purpose.  This  method  of  nitration  leads,  in  the 
great  majority  of  cases,  to  the  production  of  ortho-  and  para-nitro- 
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derivatives,  the  substitution  of  the  nitro-group  in  these  conditions 
obeying  the  ortho-para  law. 

When,  however,  the  benzenoid  amines  are  nitrated  in  concentrated 
sulphuric  acid,  the  nitro-group  tends  to  enter  a  meta-position  with 
respect  to  the  aminic  nitrogen,  so  that  the  chief  product  is  frequently, 
although  not  invariably,  a  me^a-nitro-derivative  in  conformity  with 
the  meta  law  of  substitution.  Aniline,  for  instance,  when  nitrated 
in  excess  of  concentrated  sulphuric  acid,  gives  a  mixture  of  nitro- 
compounds, in  which  m-nitroaniline  predominates.  o-Toluidine, 
under  similar  conditions,  yields  4-nitro-  and  6-nitro-o-toluidine, 
whilst  2'-toluidine  furnishes  2-nitro-2J-toluidine,  these  three  products 
each  having  the  nitro-group  in  a  meta-position  with  regard  to  the 
aminic  nitrogen. 

The  nitration  of  the  aromatic  monoalkyl  amines  in  concentrated 
sulphuric  acid  proceeds  along  similar  lines,  methyl-o-toluidine  and 
methyl-2^toluidine  yielding  respectively  4-nitromethyl-o-toluidine 
and  2-nitromethyl-j3-toluidine  (Gnehm  and  Blumer,  Annalen,  1899, 
304,  99;  Pinnow,  Ber.,  1895,  28,  3040). 

The  case  of  the  tertiary  bases  presents  several  points  of  interest. 
Dimethylaniline  yields  a  mixture  containing  three  to  four  parts  of 
m-nitrodimethylaniline  to  one  part  of  p-nitrodimethylaniline  (Groll, 
Ber.,  1886,  19,  1944).  Dimethyl-o-toluidine  and  dimethyl-y-toluidine 
give  rise  respectively  to  4-nitrodimethyl-o-toluidine  and  2-nitro- 
dimethyl-2^toluidine,  in  both  of  which  the  nitro-group  is  meta  to 
the  aminic  nitrogen  (Gnehra  and  Blumer,  loc.  cit.,  p.  107,  and 
D.R.-P.  69188). 

When  dimethyl-2?-toluidine.  dissolved  in  concentrated  sulphuric 
acid,  is  treated  with  sufficient  strong  nitric  acid  to  form  di-  or  even 
tri-nitro-derivatives,  the  reaction  nevertheless  proceeds  only  to  the 
extent  of  producing  2-nitrodimethyl-^-toluidine,  even  when  the 
temperature  of  the  concentrated  acid  solution  is  raised  to  70°.  But 
on  pouring  this  acid  liquid  into  water  so  that  the  temperature 
reaches  40°,  further  nitration  occurs,  with  the  production  of  a 
dinitrodimethyl-2>-toluidine  (m.  p.  103 — 104°)  in  practically  quant- 
itative yield.  This  dinitro-compound  is  apparently  identical  with 
a  by-product  of  the  action  of  nitrous  acid  on  dimethyl-p-toluidine 
(Pinnow,  Ber.,  loc.  cit.,  p.  2039). 

In  the  present  communication  the  constitution  of  this  dinitro- 
compound  has  been  determined  in  the  following  manner. 

Since  the  compound  can  be  prepared  either  directly  from  di- 
methyl-^toluidino  or  by  the  further  nitration  of  2-nitrodimethyl- 
p-toluidine  (I),  it  follows  that  one  of  the  nitro-groups  is  in  position  2 
with  respect  to  the  methyl  radicle : 
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N(CH3),  N(CH3)2  N(CH3)3  N(CH3), 

'       JNOs^l     JNH,^        L     /NHAc^  I     JNHAc 


(I.)  (11.)  /      (III.)  (IV.) 


N(CH3)2  ^{C^,).2  ^(CH,),  N(CH3), 


Brr    >  .^NH/   \  NO/    >  .NH, 

1nhac^~      L    >nhac       I    /No.j~~^      !^   ;nh. 


CHg  CH3  CH3  CH3 

(V.)  (VI.)  (VII.)  (VIII.) 

2-Nitrodimethyl-2>-toluidme  (I),  on  reduction,  yields  a54-dimethyl 
2 :  4-tolylenediamine  (II),  which,  when  successively  acetylated  and 
nitrated,  furnishes  o-nitro-2-aceti/lani:inodimethi/l-p-toluidine  (III). 
The  position  of  the  entrant  nitro-group  in  compound  III  is  ascer- 
tained by  reduction,  when  2-acetyl-2  :  b-diaminodimethyl-'^toluidine 
(VI)  is  obtained,  and  this  triamine  is  converted  by  the  Sandmeyer 
reaction  into  5-bromo-2-acetylaminodiniethyl-2>-toluidine  (V),  the 
constitution  of  which  has  been  fully  established  (Morgan  and 
C\di.jton,  Trans.,  1905,  87,  946).  But  5-nitro-2-acetylaminodimethyl- 
p-toluidine  (III),  when  successively  reduced  and  acetylated,  gives 
2 :  5-diacetyldiaminodiniethyl-p-toluidine  (IV),  and  this  diacetyl 
compound  can  also  be  produced  by  reducing  dinitrodimethyl- 
p-toluidine  (m.  p.  103 — 104°)  and  acetylating  the  resulting  2 :  5-di- 
aminodimethyl-2?-toluidine  (VIII). 

These  two  methods  of  preparing  the  same  diacetyl  compound  (TV) 
prove  conclusively  that  the  dinitro-compound  melting  at  103 — 104° 
is  2 :  5-dinitrodimethyl-'p-toluidine  (VII). 

Before  the  foregoing  direct  proof  was  worked  out,  an  indirect 
method  had  been  adopted,  which  consisted  in  preparing  2  :  6-dimtro- 
dimethyl-p-toluidine  (IX)  and  comparing  its  properties  with  those 
of  the  above-described  2 :  5-compound.  The  2 :  6-compound  is  pre- 
pared by  reducing  2:4:  6-trinitrotoluene  to  2  :  6-dinitro-p-toluidine, 
and  methylating  this  base  with  methyl  sulphate : 

N(CH3).3  N(CH3),  N(CH,)2 

A  NoAnO,      .         NO,A 

NO '         NO  '        1  ^  ' 

(IX.     M.  p.  192'.)  (X.     Pinnow,  lu.  p.  95'.)  (XI.) 

3 :  5-Dinitrodimethyl-p-toluidine   was   prepared  by   Pinnow   and 

Matcovich  (Ber.,  1898,  31,  2518)  by  the  action  of  dilute  nitric  and 

sulphuric  acids  on   dimethyl-p-toluidine,  a  chemical  change   which 

probably  takes  place  in  two  stages,  for  3-nitrodimethyl-p-toluidine 
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(XI)  is  formed  by  the  action  of  aqueous  nitrous  acid  on  dimethyl- 
2^toluidine  (Pinnow,  Ber.,  1895,  28,  3039).  It  therefore  follows 
that  the  dinitro-compound  melting  at  103 — 104°  must  be  either  the 
2:5-  or  2 :  S-dinitrodimethyl-j^-toluidine.  Reduction  to  the  tri- 
amine  (VIII)  showed  that  the  compound  was  the  2 :  5-isomeride, 
since  the  base  had  all  the  properties  of  a  para^diamino-compound, 
and  did  not  react  at  all  like  an  ortho-diamine. 

These  results  indicate  that  the  nitration  of  dimethyl-p-toluidine 
takes  place  in  two  different  ways,  depending  on  the  concentration 
of  the  acid  medium.  In  strong  sulphuric  acid,  a  meta-position  to 
the  aminic  nitrogen  is  assumed  by  the  entrant  nitro-group,  and 
this  formation  of  2-nitrodimethyl-^toluidine  represents  the  only 
stage  of  nitration  so  long  as  the  acid  remains  concentrated.  Dilution 
of  the  acid  with  water  leads  to  the  introduction  of  nitro-groups  in 
the  ortho-positions  with  respect  to  the  basic  nitrogen  atom  (compare 
formulae  VII,  X,  and  XI).  In  strong  acid,  the  meta-law  of  sub- 
stitution is  obeyed,  whereas  nitration  in  presence  of  water  conforms 
to  the  ortho-para  law. 

These  nitration  phenomena  may  be  profitably  discussed  in  con- 
nexion with  the  rule  put  forward  by  Crum  Brown  and  Gibson 
(Trans.,  1892,  61,  367)  for  determining  whether  a  benzenoid  mono- 
derivative  shall  give  a  meta-di-derivative  or  a  mixture  of  ortho- 
and  para-di-derivatives.  The  rule  is  applied  by  considering  the 
hydride  of  the  radicle  already  present  in  the  molecule,  and  if  this 
hydride  is  directly  oxidisable  to  the  corresponding  hydroxy- 
derivative,  then  substitution  takes  place  according  to  the  meta  law. 
For  example,  the  nitro-group,  which  determines  the  entry  of  the 
second  radicle  mainly  into  a  meta  position,  has  the  hydride  nitrous 
acid,  H'NOs,  and  this  is  directly  oxidisable  to  nitric  acid,  H0*N02. 

On  the  other  hand,  methyl  has  the  hydride  methane,  H'CHg, 
which  is  not  readily  oxidisable  to  methyl  alcohol,  HO'CHg,  In  this 
case  the  group  methyl  determines  the  entry  of  other  radicles  into 
ortho-  and  para-positions. 

This  generalisation,  although  quite  empirical,  is  a  remarkably 
comprehensive  rule,  and  it  may  be  applied  successfully  to  several 
cases  which  had  not  been  examined  eighteen  years  ago,  when  Crum 
Brown  and  Gibson  first  proposed  it. 

The  triazo  group  Ng  has  the  hydride  H'Ng  not  directly  oxidisable 
to  a  compound  HO'Ng,  and,  in  accordance  with  the  rule,  Ng  induces 
the  entry  of  other  radicles  into  ortho-  and  parti-positions. 

The  group  AsOgHj  present  in  phenylarsinic  acid  has  the  hydride 
H'AsOgHg,  which  is  directly  oxidisable  to  arsenic  acid,  HO-AsOgHg, 
and  in  conformity  with  the  rule  this  group  favours  substitution  in 
meta-positions. 
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The  primary  benzenoid  amines  were  placed  by  Crum  Brown  in 
the  category  of  substances  obeying  the  ortho-para  law ;  this  mode 
of  substitution  agreeing  with  the  fact  that  the  hydride  H'NHg  is 
not  directly  oxidisable  to  hydroxylamine,  HO-NHj.  The  general- 
isation can  be  extended  to  the  acetyl  derivatives;  the  hydride 
H-XH-CO-CHg  is  not  directly  oxidisable  to  HO-NHo-CO-CHa, 
which  is  in  accordance  with  the  fact  that  the  nitration  of  acetyl 
derivatives  generally  follows  the  ortho-para  law. 

When,  however,  the  bases  are  nitrated  in  strong  sulphuric  acid, 
one  must  consider  the  group  NHo'HoSO^  having  the  hydride 
H-NH2-H2S04,  which  is  not  directly  oxidisable  to  HO-NHg-HoSO^. 
In  accordance  with  the  Crum  Brown  and  Gibson  rule,  the  presence 
of  this  sulphate  group  should  lead  to  the  formation  of  ortho-parar 
derivatives,  but  in  many  cases  substitution  occurs  by  preference  in 
the  meta-position.  Aniline  and  dimethylaniline  each  give  products 
in  which  the  meta^nitro-derivative  predominates. 

The  case  of  the  tertiary  bases  is  of  especial  interest,  because  it 
may  be  argued  that,  under  certain  conditions,  the  hydride  H-NR.,  is 
directly  oxidisable  to  HO-NRoj  thus  diethylamine  with  hydrogen 
peroxide  yields  diethylhydroxylamine  (Dunstan  and  Goulding, 
Trans.,  1899,  75,  1009),  and  dimethylaniline  itself  can  be  oxidised 
to  dimethylaniline  oxide.  Yet,  strangely  enough,  in  dilute  solutions, 
where  these  tertiary  amines  may  be  supposed  to  be  reacting  partly  in 
the  free  state,  they  nitrate  in  accordance  with  the  ortho-para  law, 
and  only  in  combination  with  concentrated  sulphuric  acid  do  they 
react  in  conformity  with  the  meta  law. 

In  whichever  way  the  tertiary  amines  are  nitrated,  whether  in 
strong  or  dilut-e  acid,  there  is  a  discrepancy  between  the  facts  and 
the  application  of  the  Crum  Brown  and  Gibson  rule  to  these 
phenomena.  While  indicating  this  limitation  to  a  rule  which  has 
proved  fairly  general,  the  authors  do  not  wish  to  put  fojward  a 
theory  sufficiently  comprehensive  to  include  all  cases  of  the  nitration 
of  aromatic  amines,  but  they  suggest  as  a  working  hypothesis  that 
the  nitration  of  an  aromatic  base  or  its  acetyl  derivative  is  a  process 
essentially  different  from  the  nitration  of  the  sulphate  of  the  base 
in  concentrated  sulphuric  acid  (compare  Armstrong,  Trans  1887 
51,  589). 

In  the  former  case,  the  nitric  acid  is  attracted  first  to  the  amino- 
or  the  acetylamino-group,  giving  rise  to  a  nitrate  by  direct  addition ; 
dehydration  leads  to  the  production  of  a  nitroamine,  and  then  follows 
substitution  in  the  sympathetic  ortho  and  para-positions. 

In  the  latter  method  of  nitration  the  radicle  •NHj'HSO^, 
•NHsR-HSO^,  or  -NHRj-nSO^  acts  as  a  strongly  acidic  group,' 
which,  so  far  from  attracting  the  nitric  acid,  actually  exerts  a  slight 
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but  appreciable  repulsive  action,  so  that  the  introduction  of  the 
nitro-group  takes  place  in  the  apathetic  meta-position,   this  being 
shielded  from  the  direct  influence  of  the  aminosulphate  complex. 
The  process  is  comparable  to  the  nitration  of  a  sulphonic  acid : 
SO3H  SO3H  NHg-HSO^         NH3-HS04 


/\  /\  /\ 

0  :"  u-^^    u  -"  '\>^^ 

and  in  Both  instances  the  meta-derivatives  predominate  (compare 
Fliirscheim,  /.  pr.  Chem.,  1902,  [ii],  66,  324). 

This  view  of  the  nitration  of  aromatic  amines  in  concentrated 
sulphuric  acid  affords  an  explanation  of  the  course  of  substitution 
in  the  naphthalene  as  well  as  in  the  benzene  series. 

Experimental. 
Nitration  of  Dimethj/l-p-toluidine. 

Dimethyl-^toluidine,  dissolved  in  twelve  parts  of  cold  con- 
centrated sulphuric  acid  and  treated  with  two  to  three  molecular 
proportions  of  nitric  acid  also  dissolved  in  strong  sulphuric  acid, 
underwent  nitration  only  to  the  extent  of  forming  2-nitTodimethyl- 
2^toluidine  (m.  p.  37°),  for  this  base  separated  in  practically 
quantitative  yield  when  the  acid  solution  was  poured  into  ice-cold 
water  or  dilute  aqueous  ammonia. 

The  nitration  proceeded  no  further  than  the  formation  of  the 
mononitro-compound,  even  when  excess  of  fuming  sulphuric  and 
nitric  acids  were  employed  at  70°.  At  higher  temperatures, 
sulphonation  and  even  destructive  oxidation  set  in,  but  no  higher 
nitro-compounds  could  be  detected. 

When,  however,  the  solution  of  2-nitrodimethyl-p-toluidine  in 
concentrated  sulphuric  acid,  and  one  molecular  proportion  of  nitric 
acid  was  poured  into  four  volumes  of  water,  so  that  the  temperature 
rose  to  40°,  further  nitration  occurred,  with  the  production  of 
2 :  5-dinitrodimethyl-p-toluidine  (m.  p.  103 — 104°),  the  yield  being 
practically  quantitative: 

01650  gave  0-2872  CO2  and  0*0742  HgO.     C  =  47-45;  H  =  5-00. 
C9H11O4N3  requires  0  =  47-99;  H  =  4-89  per  cent. 

2 :  5-Dinitrodimethyl-p-toluidine  (VII)  can  also  be  prepared  by 
dissolving  2-nitrodimethyl-2>-toluidine  in  concentrated  nitric  and 
sulphuric  acids,  and  pouring  the  solution  into  four  volumes  of  water. 

b-Nitro-2-acetylam.inodimethyl-T^tohiidine   (III). 

2-Nitrodimethyl-p-toluidine  was  reduced  with  tin  and  hydro- 
chloric acid  (Trans.,  1905,  87,  948),  and  the  resulting  2-aniino- 
dimethyl-p-toluidine  acetylated. 
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2-Acetylaminodimethyl-p-toluidine  was  dissolved  in  10  parts  of 
cold  concentrated  sulphuric  acid,  and  treated  with  about  half  its 
weight  of  nitric  acid  (sp.  gr.  1'4),  diluted  with  three  volumes  of 
strong  sulphuric  acid.  No  reaction  occurred  in  the  strong  acid, 
but  on  pouring  the  solution  into  water,  so  that  the  temperature 
rose  to  70°,  nitration  set  in,  and  on  adding  dilute  ammonia,  b-nitro- 
2-aceti/laminodimefhyl-ip-toluidine  separated,  and  was  crystallised 
from  alcohol,  yielding  yellow  needles,  melting  at  155° : 

0-1272  gave  0-2594  COg  and  0-0768  H^O.     C  =  55-61;  H  =  6-71. 

01229     „  19-0  c.c.  Ng  at  18°  and  760  mm.     N  =  17-85. 
CnHiaOgNa  requires  0  =  5569;  H  =  6-32;  N  =  17-72  per  cent. 

2-Aceti/l-2:  d-diaminodimethyl-p-toluidine  (VI). 

The  foregoing  nitroacetyl  compound  underwent  simultaneous 
reduction  and  hydrolysis  on  treatment  with  tin  and  hydrochloric 
acid,  and  was  accordingly  reduced  with  iron  filings  and  water 
slightly  acidified  with  acetic  acid,  the  reducing  agent  being  slowly 
added  to  the  boiling  solution  until  the  colour  disappeared.  The 
solution,  after  neutralisation  with  sodium  carbonate  and  filtration, 
was  evaporated  to  dryness,  and  the  residue,  when  dissolved  in  water, 
crystallised  therefrom  in  colourless  crystals,  melting  at  131 — 133° : 

0-1056  gave  18-2  c.c.  Ng  at  16°  and  759  mm.     N  =  20-06. 
CiiHijONg  requires  N  =  20-28  per  cent. 

2-Acetyl-2:  5-dmminodintethyl-p-toluidine  was  dissolved  in  hydro- 
bromic  acid  containing  cuprous  chloride,  the  solution  warmed  to  80°, 
and  slowly  treated  with  aqueous  sodium  nitrite  (1  mol.).  The  cooled 
liquid  was  rendered  amraoniacal,  and  the  precipitate  crystallised 
from  alcohol,  when  it  separated  in  colourless,  woolly  needles,  melting 
at  163°,  and  was  identified  by  the  method  of  mixed  melting  points 
as  5-bromo-2-acetylaminodimethyl-^toluidine  (V),  the  constitution 
of  which  has  already  been  determined  (Trans.,  1905,  87,  948). 

2 :  5-Dmminodimetht/l-p-toluidine  (VIII)  (compare  Pinnow  and 
Matcovich,  loc.  cit.). — Granulated  tin  was  added  to  a  hot  solution  of 
24  grams  of  2 :  5-dinitrodimethyl-j3-toluidine  in  150  c.c.  of  con- 
centrated hydrochloric  acid  and  50  c.c.  of  water  until  the  colour 
disappeared.  After  removing  the  tin  as  sulphide,  the  filtrate  was 
evaporated  until  2:  5-diaminodimethyl-j9-toluidine  hydrochloride 
separated  in  colourless  crystals.  The  base  set  free  by  ammonia  was 
extracted  with  chloroform,  and  on  evaporating  off  the  solvent  from 
the  carefully  dried  extract,  the  triamine  was  left  as  an  oil,  which 
rapidly  oxidised  on  exposure  to  the  atmosphere  and  solidified  on 
cooling. 

2 :  5-Diacett/ldmminodimethi/l-ip-toluidine  (IV),  obtained  by  treat- 
ing the  preceding  base  with  acetic  anhydride,  crystallised  from  very 
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dilute  alcohol  in  colourless  needles,  and  after  repeated  crystallisation 
softened  at  233°,  and  melted  at  236°.  (Found,  N  =  16-99.  Calc, 
N  =  16-86  per  cent.) 

When  heated  at  245°  for  thirty  minutes,  this  diacetyl  compound 
remained  unchanged,  showing  that  it  was  not  an  ortho-diacetylated 
compound. 

When  used  in  the  form  of  its  hydrochloride,  2  :  5-diaminodimethyl- 
2>-toluidine  gave  the  colour  reactions  of  a  para-diamine.  Oxidation 
with  chromic  acid,  either  alone  or  in  presence  of  aniline,  gave  a 
deep  red  coloration,  indicating  the  production  of  a  safranine  dye. 
Alkaline  hypochlorite,  in  presence  of  a-naphthol,  led  to  the  pro- 
duction of  a  blue  indophenol.  When  heated  in  alcoholic  acetic  acid 
solution  with  phenanthraquinone  and  sodium  acetate,  no  azine 
condensation  occurred.  The  triamine  underwent  diazotisation  in 
acid  solution,  and  the  product  coupled  with  alkaline  )3-naphthol, 
yielding  an  azo-derivative.  These  reactions  afforded  additional 
evidence  that  the  triamine  has  the  constitution  (VIII)  assigned  to 
it  on  p.  2647.  A  final  confirmation  was  obtained  bj  preparing 
2  :  5-diacetyldiaminodimethyl-^-toluidine  by  an  alternative  method, 
using  2-acetyl-2  :  5-diaminodimethyl-^toluidine  (VI),  since  the  latter 
compound  has  been  shown  to  contain  its  free  amino-group  in 
position  5. 

2 :  6-Di'niitrodimethi/l--p-toluidine   (IX). 

2  :  6-Dinitro-p-toluidine,  prepared  by  reducing  2:4:  6-trinitro- 
toluene  with  alcoholic  ammonium  sulphide  (Holleman  and 
Boeseken,  Rec.  trav.  chim.,  1897,  16,  425),  was  slowly  added  to 
methyl  sulphate  at  160 — 165°,  and  the  solution  maintained  at  this 
temperature  for  thirty  minutes.  The  liquid  was  then  rendered 
alkaline  with  sodium  hydroxide,  and  the  solid  product  crystallised 
from  50  per  cent,  acetic  acid : 

01307  gave 0-2290  CO,  and  0-0614  HgO.     C  =  47-79;  H  =  5-21. 

0-1344     „  22-2  c.c.  No  at  23°  and  756  mm.     N  =  18-52. 
C9H11O4N3  requires  0  =  47-99;  H  =  4-89;  N  =  18-66  per  cent. 

2 :  6-Dinitrodimethyl-p-toluidine  separates  in  yellow  needles,  melt- 
ing at  192°. 
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Drummond  Scott,  freezing-poiut  curve 
for  mixtures  of  camphor  and  phenol, 
T.,  1573  ;  P.,  194. 

'Vfooih6a,A./Arthur  Edmond.  See  Arthur 
Oeory:  Oreen. 

Woodmansey,  Arnold.  See  Juliits 
Berend  Cohen. 

Wootton,  William  Ord,  attempted  reso- 
lution of  racemic  aldehydes,  T.,  406  ; 
P.,  43. 


Worley,  Frederick  Palliscr,  studies  of 
the  processes  operatiTe  in  solutions. 
Part  XII.  The  apparent  hydration 
values  of  acid-systems  and  of  salts 
deduced  from  a  study  of  the  hydrolytic 
activities  of  acids,  P.,  298. 

Worley,  Frederick  Palliser,  and  WaUer 
Hamis  Glover,  studies  of  the  processes 
operative  in  solutions.  Part  XVI. 
The  determination  of  optical  rotatory 
power,  P.,  298. 

Worley,  Frederick  Palliser.  See  also 
Henry  Edward  Armstrong. 

Worrall;  {Miss)  Elizabeth.  See  Arthur 
Walsh  Titherley. 

Wren,  {Miss)  Gertrude  Holland.  See 
Arthur  William  Crossley. 

Wrtn,  Henry.    See  Alexander  HcKenzie. 

Y. 

Young,  Charles  Robert.  See  Thomas 
Purdie. 


Zimmerli,    Ad/:/!/.     See  Martin  Onalow 
Forster. 
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TRANSACTIONS    AND    PROCEEDINGS.     1910. 

(]Marked  T.  and  P.  respectively.) 

Single  organic  compounds  of  known  empirical  formula  ^vill  be  found  in  the 
Formula  Index,  p.  2681. 


Acid  anhydrides.     See  Anhydrides. 
Acids  and   bases,  the  relation   between 
the  strength  of,  and  the  quantitative 
distribution  of  aflSnity  in  the  mole- 
cule (Flurschkim),  T.,  84. 
activity  of,  as  catalysts  (Dawson),  P., 

325. 
hydrolytic  activities  of  (Worley),  P., 
298 ;  (AuMSTUONG  and  Wheeler), 
P.,  299. 
depression  of,  by  paraffinoid  alcohols 
and  acids  (Armstrong  and  Wor- 
ley), P.,  298. 
externally  compensated,  resolution  of 
(Pope  and  Read),  T.,  987  ;  P.,  118. 
fatty,    apparatus   for  the  distillation 
of,  in  the  vacuum  of  the  cathode 
light  (Browx   and    Thomas),    P., 
149. 
fatty,  bromo-substituted,  interaction  of 
esters  of,  with  silver  nitrate  in  alco- 
holic solution  (Senter),  P.,  344. 
organic,  and  bases,    solubility  of,    in 
solutions  of  their  saltB  (Sidowick), 
P.,  60. 
Acridoniom  salts,  structure  of  (Hewitt 

and  Thole),  P.,  225. 
Address,  presidential  (Dixon),  T.,  661. 
Adrenaline    series,     syntheses     in     the 

(TuriN),  T.,  2495;  P.,  244, 
Affinity,  Chemical: — 
Affinity,  quantitative  distribution  of, 
in  the  molecule,  and  the  relation 
between   the    strengths   of  acids 
and  bases  (Flurscheim),  T.,  84. 
relations  of  cupric  oxide  and  cupric 
hydroxide  (Allmand),   T.,   603  ; 
P.,  55.  1 

Catalysis,   by    acids    (Dawson),    P., 

325.  , 

Chemical  dynamics  of  the  decomposi- 
tion of  (tersulphuric  acid  and  its 
salts  in  aqueoiu  solution  (Gkken 
and  Massonm,  T.,  20S3  ;  P.,  231. 

XCVII. 


Affinity,  Chemical  : — 

Chemical  equilibrium  of  carbon  mon- 
oxide with  carbon  dioxide  and 
oxygen,  effect  of  temperature  on 
the  (Rhead  and  Wheeler),  T., 
2178  ;  P.,  220. 

Dynamic  isomerism,  studies  of  (Lo^'BY, 
Desch  and  Socthgate),  T.,  899  ; 
P.,  68  ;  (LowRY  and  Socthgate), 
T.,  905;  P.,  68;  (Lowry  and 
John),  T.,  2634 ;  P.,  162  ;  (Glover 
and  Lowry),  P.,  162. 

Kinetics  of  the  reaction  between  silver 
salts  and  aliphatic  iodides  (Donnah 
and  Potts),  T.,  1882;  P.,  212. 

SeactiTity  and  chemical  constitution 
of  halogen  compounds,  the  relation 
between  (Clarke),  T.,  416  ;  P.,  26. 

Velocity  of  addition  of  bromine  to 
unsaturated  compounds  (Scd- 
borough  and  Thomas),  T.,  715. 

Velocity  of  hydration  of  acid  an- 
hydrides (Rivf.tt  and  Sidgwick), 
T.,  732,  1677;  P.,  66,  209. 

Velocity  of  reaction,  measurement  of, 
by  means  of  viscosity  (DuNSTAX), 
P.,  226. 
of  ketones  with  iodine  (Dawson  and 
Wheatley),  T.,  2048  ;  P.,  233. 
Air.     See  Atmospheric  air. 
Alcohols,  secondar}',  of  the  fatty  series, 

rotations  of  (Pukard  and  Ken  yon), 

P.,  336. 
Aldehyde-cyanohydrins,    prejiaration  of 

acyl  derivatives  of  (Davis),  T.,  949  ; 

P.,  89. 
Aldehydes,  racemic.     See  Racemic  alde- 
hydes. 
Alkaloids,  constitution  of  (Perrin  and 
Robinson),  T.,  305  ;  P.,  24. 

and  their  salta,  .^pecific  rotatory  power 
of  (Carr  and  Reynolds),  T.,  1328  ; 
P.,  180. 

of  ergot  (Bargsr  and  Ewins),  T., 
284  ;  P.,  2. 

of  the  Pakatea(  Aston  1  T    i:v«i;  P.,il. 
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^y-Alkylphenazothionium,  derivatives  of 
(Barnett  and  Smiles),  T.,  980;  P., 
92. 
Allenecarbozylic     acids,      substituted, 
experiments     on      (Lapworth      and 
"Wechsler),  T.,  38. 
Amalgams.     See  Mercury  alloys. 
Amides,    molecular    complexity    of,    in 
various    solvents     (Meldbum    and 
Tubner),  T.,  1605,  1805  ;  P.,  211, 
213. 
molecular  complexity  of,  in  the  liquid 
state   (Turner    and    Merry),    P., 
128. 
viscosity  of  (Dunstan  and  Mussell), 
T.,  1935  ;  P.,  201. 
Amidines,   constitution  of  the  (Cohen 
and     Marshall),    T.,     328 ;     P., 
24. 
Amido-oximes  (Russell),  T.,  953;  P., 

89. 
Amines,  molecular  complexity  of,  in  the 
liquid  state  (Turner  and  Merry), 
P.,  128. 
aromatic,  action  of,  on  ethyl  malonate 
(Chattaway    and    Olmsted),    T., 
938;  P.,  69. 
secondary,  preparation  of,  from  carb- 
oxylic  acids  (Le  Sueur),  T.,  2433; 
P. ,  290. 
Amino-acids,  attempts  to  prepare  glycer- 
ides  of  (Alpern  and  Weizmann),  P., 
345. 
Ammonium  nitrite,  preparation  of  (Neogi 

and  Adhicary),  P.,  297. 
Amygdalase,    occurrence    of,   in   plants 
(Armstrong,  Armstrong  and  Hor- 
ton),  p.,  334. 
Anhydrides,  rate  of  hydration  of  (Rivett 

and  Sidgwick),  T.,  1677;  P.,  209. 
Aniline-black    and    allied    compounds 
(Green  and  Woodhead),  T.,  2388; 
P.,  223. 
Annual  General  Meeting,  T.,  651  ;  P., 

73. 
Antimony  organic  compounds  (Morgan, 
Micklethwait,    and    Whitby),    T., 
34  ;   P.,  151  ;    (May),  T.,   1956  ;    P., 
142,  218. 
Arylamines,     additive    compounds     of 
.s-trinitrobenzene  and  (Sudborough 
and  Beard),  T.,  773;  P.,  71. 
secondary,  preparation  of  substituted 
indoles  from  (Richards),  T.  ,  977  ; 
P.,  92, 
Association  and  viscosity  (Thole),  T., 

2596;  P.,  328. 
Atmospheric    air,    examination    of,    at 
various  altitudes  for  oxides  of  nitrogen 
and   ozone   (Hayhurst  and    PniNc), 
T.,  868  ;  P.,  92. 
Atomic  volumes.    Sec  Volumes. 


Atomic   weights,   report  of    the   Inter- 
national Committee  on,   T.,    1861  ; 
P.,  190. 
table  of,  T.,  1865;  P.,  193. 
Availability    of   hydrogen    chloride    in 
alcoholic  solution,   influence  of  water 
on  the  (Lapworth  and  Partington), 
T.,  19. 
Azides,  complex  (Meldola  and  Kunt- 

zen),  p.,  340. 
Azo-compounds,  complex  (Meldola  and 
Kuntzen),  p.,  340. 
colour  and  constitution  of  (Hewitt 

and  Thole),  T.,  511  ;  P.,  54. 
nitrated,   relation  between  absorption 
spectra  and  chemical  constitution  of 
(Baly,  Tuck,  and  Marsden),  T., 
1494;  P.,  166. 
j3-hydroxy-,    of  quinoline    (Fox),   T., 
1337;  P.,  177. 
Azoimides     of    the     acetoacetic     series 
(Forster  and  Newman),   T.,  1360; 
P.,  197. 
Azomethineazo-dyes  (Green  and  Sen), 
T.,  2242;  P.,  243. 

B. 

Balance  Sheets  of  the  Chemical  Society 
and    of    the     Research    Fund.      See 
Annual  General  Meeting,  T.,  651  ;  P., 
73. 
Barium  mercuric  nitrite  (Ray),  T.,  326  ; 
P.,  7. 
sulphate,  adsorption  of  uranium-X  by 
(Berry),  T.,  196  ;  P.,  6. 
Bases  and  acids,  relations  between   the 
strength    of,    and   the    quantitative 
distribution  of  affinity  in  the  mole- 
cule (Flurscheim),  T.,  84. 
externally  com.pensated,  resolution  of 
(Pope  and  Read),  T.,  987  ;  P.,  118. 
action     of,     on    the     oa'-dibromo-de- 
rivatives  of  dicarboxvlic  acids  (Le 
Sueur  and  Haas),  T.",  173  ;  P.,  4. 
organic,   and   acids,   solubility  of,   in 
solutions  of  their  salts  (Sidgwick), 
P.,  60. 
Benzene      derivatives,      morphological 
studies  of  (Armstrong),    T.,    1578; 
P.,    139  ;   (Colgate  and  Rood),  T., 
1585  ;  P.,  139. 
Benzidine    derivatives,     acetylation    of 

(Cain  and  May).  T..  720  ;  P.,  71. 
Benzoic     acids,     alkyloxy-    and    alkyl- 
ainino-,  rotation  of  the  mentliyl  esters 
of  (CoHKN  and  Dudley),    T.,  1732; 
P.,  209. 
Bleaching  powder,  researclies  on  (Tay- 

i.oiO,  T.,  2541  ;  P.,  242. 
Boiling-point  method,  the  Laiidsborgcr 
Siikurai  (TuRNKK),  T.,  1184  ;  P.,  134. 
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Bromine,  addition  of,  to  unsatnrated 
compounds  (Sxtdborough  and 
Thomas),  T.,  715,  2450  ;  P.,  294. 
solutions,  colour  and  constitution  of 
(Joseph  and  Jixexdradasa),  P., 
233. 
Bromides,  compounds  of,  with  mercuric 
bromide  and  ether  (Maksh),  T., 
2307. 


C. 

Csesinm  nitrate  solutions,  viscosity  and 
density  of  (Mkbtok),  T.,  2454  ;  P., 
252. 
Calciam,  action  of,   on  organic  halides 
(Spe>ceb  and  Pkice),    T.,  385  ;   P., 
26. 
Calcium    carbide,     action    of   water    of 
crystallisation    on    (ilASSOJf),    T., 
851;  P.,  6 
mercuric  nitrite  (Ray),  T.,  326;  P.,  7. 
phosphate,  solubility  of,  in  saturated 
solutions  of  carbon  dioxide  contain- 
ing ammonia  (Foster  and  Neville), 
P.,  236. 
Camphane  series,  studies   ia  (Forstek 

and  ZiMMEULi),  T.,  2156  :  P.,  245. 
Caoatchoac,   the  constitution  and  syn- 
thesis of  (Pickles),  T.,  1085  ;  P.,  111. 
Carbazole      series,      studies      in     the 

(Schwalbe  and  Wolff),  P.,  339. 
Carbon,  and  hvdrogen,  the  direct  union 
of  (Prixg).  T.,  498  ;  P.,  55  ;  (BoxE 
and  Coward),  T.,  1219  ;  P.,  146. 
and    silicon,    morphotropic    relations 
between   corresponding  compounds 
of  (Jerusalem),  T.,  2190  ;  P.,  249. 
Carbon  r/ioxide,  solubility  of  (Findlay 
and  Creightox),  T.,  536  ;  P.,  44. 
influence  of  non-electrolytes  on  the 
solubilitv  of,  in  water  (Usher), 
T.,  66. 
f/i'snlphide,  interaction  of  nickel  carb- 
onyl  with  (Dewar  and  Jonks),  T., 
1226  ;  P.,  137. 
Carbon,  estimation  of,  in  iron  and  steel 
and  iron  alloys  by  direct  combustion 
(Hull),  P.,  91. 
Carbonyls.  metallic,  properties  of  (Moxd, 
IliRTz,  and  Cowap),  T.,  798  ;  P.,  67. 
Carbozylic  acids,  preparation  of  second- 
ary amines    from    (Lb    StrKVR),   T., 
2433  ;  P.  290. 
Carpamic  acid,  C'l^lI.^OaX. 
Carthamine,  C.^,H.uO,^. 
Catalysis.     See  under  Affinity,  chemical. 
Chemical  composition,  constitutiun  and 
I'onfigui-ation   of   organic   substances, 
relation  between  the  crj-stal  stnicturo 
and  the(BAnM»w  and  Poie),  T.,  2308 ; 
P.,  251. 


Chemical    constitution,   and  absorption 

spectra,  relation  between  (Baly, 

Tuck,  and  Mabsbes),  T..  571, 

1494  ;  P.,  51,  166. 

and  refractive  power  (Sscedley),  T., 

1475;  P.,  148. 
and  rotatory  power  (PiCKASD  and 

Kektox;,  p.,  336. 
and    change    of    volume,    relation 
between  (Dawsox),  T.,  1896  ;  P., 
202. 
of  certain  halogen  compounds,  the 
relation  between    reactivity  and 
(Clarke),  T.,  416  ;  P.,  26. 
Cherry,  black.     See  Pruntts  serotina. 
Chloric  acid.     See  under  Chlorine. 
Chlorine  and   hydrogen,   interaction  of 
(Chapmax  and  MacMahox),  T.,  845  ; 
P.,  58,  93. 
Chlorine  dioxide,  inhibitory  effect  of,  on 
the    interaction    of   hydrogen  and 
chlorine     (Chapman     and     Mac- 
Mahox), P.,  58, 
Hydrochloric  acid  {hydrogen  chloride), 
influence  of  water  on  the  avail- 
ability  of,   in   alcoholic  solution 
(Lapworth    and    Partlxgtox), 
T.,  19. 

pparattis  for  electrolysis  of  (Dixox 
and  Taylor),  T.,  374  ;  P.,  25. 
Chloric  acid,  reduction  of  (Exfibld), 
T..  2441  ;  P.,  231. 
Chloroamine   reactions   (Cross,   Bevax 

and  Bacx;.,  T.,  2404  ;  P.,  248. 
Chromous  chlorides  (Kxight  and  Rich  ; 

Kxh;ht\  p.,  47. 
Citmllol,  CasHjaO^. 
Clover,  red.     See  Tri/oiium  pratcnse. 
Coal,  the  volatile  constituents  of  (Bl'B- 
(;E5sandWHEELER),  T.,1917;P.,210. 
Cobalt  /r/carbonyl  (Moxd,  Hirtz,  and 
CowAP),  T.,  805  ;  P.,  67. 
Cobaltic  nitrite,  change  of  cobaltous 
nitrite  into  (SizcKi),  T.,  726;  P., 
27. 
Cobaltinitrit«s,    note    on  the    (ClTN- 

xixiiHAM  and  Perkix),  P.,  142. 
Cobaltons    nitrite,    change    of,    into 
cobaltic  nitrite  (SrzcKl),  T.,  726  ; 
P.,  27. 
Codeine,  hydroxy-,  Ci,Ha,O.X. 
Colloids,  influence  of,  on  the  solubility 
of    gases    iu    water    (Fixdlay    and 
Creightox),  T.,  536.,  P.  44. 
Coloeynth,  constituents  of  (Power  and 

Mo<.RK\  T..  99;  P.,  3. 
Colour  and  constitution  of  azo-compoands 
(Hewitt  and  Thole),  T.,  511  ; 
P.,  54. 
of  diazonium  salts  (Morgan  and 
MuK LEI u wait),  T.,  2557  ;  P., 
293. 
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Colour  and  absorption  spectra  of  sulphur 
compounds     (Purvis,     Jones,     and 
Tasker),  T.,  2287  ;  P.,  234. 
Colouring  matter,  a  natural  substantive 

(Perkin),  T.,  220;  P.,  23. 
Colouring       matters,       azomethineazo- 
(Green  and  Sen),  T.,  2242  ;  P., 243. 
"sulphide"  (Frank),  T.,   2044;  P., 

218. 
natural    vegetable.      See    also    Dura- 
santalin,  Trifolitin. 
ConifersB,  resin  acids  of  the  (Easter - 

field  and  Bee),  T.,  1028  ;  P.,  7. 
Copper : — 

Cupric  oxide  and  hydroxide,  affinity 
relations  of  (Allmand),  T.,  603  ; 
P.,  55. 
citrates    (Pickering),    T.,     1837 ; 

P.,  17. 
salts,  colour-  and  ionisation  of  (SiDr,- 
wiCK  and  Tizard),  T.,  957 ;  P., 
67. 
Copper,   indirect    estimation  of   (Das), 

P.,  130. 
Coumarins,  amino-,  colour  and  constitu- 
tion of  (Clayton),  T.,  13.50  ;  P.,  169. 
Critical  temperature,  solubilities  below 
and  above  the  (Tyrer),  T.,  621;  P., 
62. 
Crystal  structure,  the  relation  between, 
and   the   cheniical   composition,    con- 
stitution and  configuration  of  organic 
substances   (Barlow  and  Poi'E),   T., 
2.308  ;  P.,  251. 
Cnpric  salt.s.     See  under  Copper. 


Diazoamines,  aromatic,  absorption 
spectra  and  melting-point  cui"ves  of 
(Smith  and  Watts),  T.,  562  ;  P.,  45. 

js-Diazoimides,  production  of,  from  alkyl- 
and  aryl-sulphonyl-p-diamines  (Mor- 
gan and  PicKARu),  T.,  48. 

o-Diazoimines,  constitution  of  (Morgan 
and  Godiien),  T.,  1702  ;  P.,  165. 

Diazonium  salts,  colour  and  constitution 
of  (Morgan  and  CorzioNs),  T.,  1691  ; 
P.,  165;  (Morgan  and  Mickle- 
thwait),  T.,  2557;  P.,  293. 

Dicarbozylic  acids,  action  of  bases  on 
tlie  aa'-dil)romo-derivatives  of  (Le 
SuEniaiul  Haas),  T.,  173  ;  P.,  4. 

Diffusion,  tlie  lole  of,  in  yeast  fermenta- 
tion (Slator  and  Sand),  T.,  922 ;  P., 
85  ;  (I'.uowN),  P.,  130. 

3-Diketones,  constitution  of  (Smedlky), 
T.,  1484;  P.,  148. 

1 :2-Diketo-A''-r/A  A'pentenes,  absorption 
spectra  of  (Purvis),  P.,  327. 

Diketopyrrolines,  absorption  spectra  of 
(PuRVjs).  T.,  2.')35;  P.,  297. 


Dilution  law,  new  (Partington),  P.,  8. 

Dimercurammonium  nitrate.  See  under 
Mercurj'. 

Dipeptides  of  lauric  and  «-nonoic  acids, 
synthesis  of  (HoPWOOD  and  Weiz- 
mann),  p.,  69. 

Diphenylamine  o-sulphoxides,  intra- 
molecular rearrangement  of  (Barnett 
and  Smiles),  T.,  186  ;  P.  10;  (Brady 
and  Smiles),  T.,  1559  ;  P.,  199. 

Diphenyl  series,  studies  in  the  (Cain 
and  May),  T.,  720;  P.,  71. 

Distillation  of  mixtures  of  enantiomor- 
phously  related  substances  (Evans), 
T.,  22-33;  P.,  251. 

Disulphides,  action  of  sodium  or  potass- 
ium hydroxide  on  (Price  and  Twiss), 
T.,  1175;  P.,  136. 

a-Disulphozides,  physico-chemical  evi- 
dence of  the  structure  of  (Hilditch), 
T.,  1091  ;  P.,  95. 

Dura-santalin,  CigHijO.,. 

Dyes.     See  Colouring  matters. 

Dynamic  isomerism.  See  under  Affinity, 
chemical. 


E. 

a-Elaterin,  C.3j,H3g07. 
Elaterone,  C.24H30O5. 
Electrical  conductivity.  See  under  Elec- 
trochemistry. 
Electrochemistry  : — 

Electrical  conductivity,  depression  of, 
by     non-electrolytes     (Armstrong 
and  Crothers),  P.,  299. 
Electrolytes,  ionic  equilibrium  in  solu- 
tions of  (Partington),   T.,   1158  ; 
P.,  114. 
Ionic  equilibrium  in  solutions  of  elec- 
trolytes (Partington),   T.,   1158  ; 
P.,  114. 
Ionisation  of  the  nitrites,   measured 
by  the  ciyoscopic  method  (Ray  and 
Mukherjee),  p.,  173. 
Elements,  atomic  volumes  of,  before  and 
after    combination    (Prideavx),    T., 
2032;  P.,  207. 
Enantiomorphous  substances,  distillation 
of  mixtures  of  (Evans),  T.,  2233  ;  P., 
251. 
Enzyme  action,  studies  on  (Armstrong 
and  Akmstuong  ;  Armstrong,  Arm- 
.strong  and  Hurton),  P.,  334  (ARiM- 
.strong  and  Eyre),  P.,  335. 
Enzjrmes.      See  Amygdalase,  iB-Glueases, 
Gynocardasi',  J^imise,   Oxydase,  Pnui- 
ivse,  Tyrosinase. 
Epinephrine.     See  Adrenaline. 
Equilibrium    in   a  gaseous  system,   in- 
tiuenee     of     radium     emanation     on 
(Usiiki;),    T.,   389;  P.,  20. 
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Eqoilibritim,     chemical.        See    uuder 
Affiuity,  chemical, 
ionic.     See  uuder  Electrochemistry. 
Ergot,    constituents    of    (Bargek    and 
Dale),  P.,  128. 
alkaloids  of  (Barger  and  Ewins),  T., 

284  ;  P.,  2. 
active    principles     of    (Barger   and 
DaleI,  T.,  2592;  P.,  327. 
Extraction  apparatus,   improved  (San- 
ders), P. ,  227. 


F. 

Fats,  apparatus  for  the  distillation  of, 
in   the  vacuum  of  the  cathode  light 
(Brow.v  and  Thom.a.3),  P.,  149. 
Fermentation,  alcoholic,  by-products  of 
(Ashdowx  and  Hewitt),  T.,  1636  : 
P.,  169. 
by    yeast,    the    role   of   diffusion   in 
(Slator  and  Saxd1,  T.,  922;  P., 
85  ;  (Browx),  P.,  130. 
Flame,  the  union  of  hydrogen  and  oxy- 
gen in  (I)ixox),  T.,  661. 
Fluorones    (Pope    and    Howard),   T., 

1023;  P.,   113. 
Freezing-point    curve    for    mixtures  of 
camphor     and     plienol    (Wood    and 
Scorr),  T.,  1573  ;  P.,  194. 
Friedel-Crafts'  reaction  applied  to  naph- 
thalene ,'Homer),  T.,  1141  ;  P.,  11. 


G. 
Oases,  solubility  of,  in  water,  influence 
of  colloids  and  fine  suspensions  on 
the  (FiNDLAY  and  Cueiohton).  T.. 
536;  P.,  44. 
apparatus  for  demonstrating  the  volu- 
metric composition  of  (Fenby)  T 
1200  ;  P.,  134. 
liquefied,  binary  mixtures  of  (Steele 
and  Bacster),  T.,  2607  ;  P.,  253. 
Oelsemiom,  the  constituents  of  (Mookf.) 

T.,  2223  ;  P.,  247. 
Glass,  note  on  the  supiwsed  permeability 

of(ELsDKN),   P.,   7. 

fl-Glucases,   distribution    of,    in   plants 

(Akmstuono,  Armstrong  and  Hor- 

Tox),  P.,  334. 
Glncoside,     from     Tepkrosia    pwpuira 

(Clarke  and  Banrrjke),  T..  1833; 

P.,  21.3. 
Glucosides.     See    Incamatrin,   Qnercit- 

rin,  Serotrin,  Trifolin,  I'.wTrifolin. 
Olyeide  aryl  ethers,  action  of  ammonia 

on  (Boyd),  T.,  1791  ;  P.,  209. 
Olyeols,  optically  active,  from  /benzoin 

and    from  .methyl    /-mandelate   (Mc- 

Kexzie  and  Wren),  T.,  473  ;  P.,  64. 


Glyoxalines,   tautomerism  of  (Pyilvx), 

T.,  1814  ;  P.,  211. 
Gold    bullion    assay,    accuracy    of  the 

(Phelps  ,  T.,   1272;  P.,  139. 
Grignard  reagents,  action  of,  on  cam- 
phoric and  isocamphoric  estera  (Shi- 
bata),  T.,  1239;  P.,  141. 
action   of,    on  methyl   /-methoxysuc- 
cinate,  methyl  maleate  and  maleic 
anhydride  ^Purdie  and  Ardp),  T,, 
1537  ;  P.,  199. 
Gynocardase  (Moobe  and  Tutin),  T., 
1285  ;  P.,  182. 


Halogen   compounds,   the  relation   be- 
tween reactivity  and  chemical  con- 
stitution of  (Clarke),  T.,  416  ;  P  , 
26. 
organic,    the   action   of  calcium  and 
lithium  on  (Spencer  and  Price), 
T.,    385;  P.,  26. 
organic,  interaction  of,    with   metals 
of  the  iron  group  (Spencer    and 
Harrlsox),  p.,  118. 
Halogens,    reactivity  of  the,  in  organic 
compounds  (Sexter),  T.,  346  ;  P. 
23,  344. 
action   of,    on   mercuricamphor    com- 
pounds (Mar.sh),  T.,  2410  ;  P.,  297. 
Helium,  density  and   molecular  weight 

of  (Watsox),  T.,  810;  P.,  70. 
Heterocyclic  compounds,   formation  of 
(Le    SiEUR    and    Haas),    T..    173 : 
P.,  4. 
Hydrates.     See  Salt  hydrates. 
Hydration,    rate  of,  of  acid  anhydrides 
(KiVErr  and  Sidgwick),   T.,  732. 
1677  ;  P.,  66,  209. 
values,   determination   of  (Worley  • 
Glover),  P.,  298. 
Hydrazines,  auto-re<luction  of  (Chatta- 

way  and'ALDRiDOB),  P.,  325. 
Hydroacridines,  formation  of  (Pope  and 

Howard),  T.,  7S,  972  ;  P.,  88. 
Hydrochloric  acid.    See  under  Chlorine. 
Hydrogen,  and  carbon,  the  direct  union 
of  (Prino),  T.,  498  ;  P.,  55  ;  (Bone 
and  CowABD).  T.,  1219  ;  P.,  146. 
and  chlorine,  interaction  of  (Chapman 
and  MacMahon),  T.,  845  ;  P..  58. 
98. 
and  oxygen,   the  anion  of,  in  flame 
(Dixon),  T.,  661. 
Hydrogen  chloride.   See  under  Chlorine. 
}>er<)xide,  influence  of  persulphates  on 
the  estimation  of,  with  pennanean- 
ate  (Friend),  P.,  88. 
Hydroxylamine  salts,  dissociation  of,  in 
a<iueou.s  solution  (Babrett),  P.,  233. 
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Iminazoles,  complex  '■■  (Meldola  and 
Kuxtzen),  p.,   340. 

Imino-compoands,  formation  and  reac- 
tions of  (Mitchell  and  Thorpe),  T., 
997,  2261  ;  P.,  114,  248  ;  (Campbell 
and  Thorpe),  T.,  1299  ;  P.,  176. 

Imino-group,  formation  of  a  six-mem- 
bered  ring  by  means  of  the  (Thole 
and  Thori'E),  P.,  295. 

Immedial-indone,  C13H12N2S2. 

Incarnatrin,  C2iH2oO]2- 

Incarnatyl  alcohol,  C34H70O. 

Indoles,  substituted,  preparation  of, 
from  benzoin  and  secondary  aryl- 
amines  (Richards),  T.,  977  ;  P.,  92. 

Iodine,  action  of,  with  ketones  (Dawson 

and  Wheatley),  T.,  2048  ;  P.,  233. 

reaction  "for  starch  (Harrison),  P., 

252. 

Iodides,  compounds  of,  with  mercuric 

iodide  and  ether(MARSH),T.,2305. 

aliphatic,   and  silver  salts,  kinetics 

of  the  reaction  between  (Donnan 

and  Potts),  T.,  1882  ;  P.,  212. 

Ionic  equilibrium.  See  under  Electro- 
chemistry. 

Iron,  rasting  of  (Lambert  and  Thom- 
son), T.,  2426  ;  P.,  290. 
and  steel,  the  action  of  pure  air  and 
water  on  (Friend),  P.,  179. 

Iron,  estimation  of  cari)ou  in,  by  direct 
combustion  (Hull),  P.,  91. 

Iron  group,  metals  of  the,  interaction  of 
alkyl  halides  and  (Spenoer  and  Har- 
rison), P.,  118. 

Isomeric  change  and  absorption  spectra, 
relation  between  (Lowry,  Desch  and 
Southgate),  T.,  899  ;  P.,  68  ; 
(Lowry  and  Southgate),  T.,  905; 
P.,  68. 

Isomerism,  dynamic.  See  under  AflBnity, 
chemical. 


Eetols,  action'of  methyl  tert. -butyl  ke- 
tone on  (Boon),  T.,  1256  ;  P.,  94. 
Ketones,    reactivity    of,    towards  iodine 
(Dawson     and    Wheatley),  T., 
2048  ;  P.,  233. 
unsaturated,  action  of  liglit  on  (Stobbe 
and  Wilson),  T.,  1722  ;  P.,  206. 
Kinetics.     See  under  Affinity,  chemical. 
Krypton,  molecular  weight  of  (Watson), 
T.,  833;  P.,  70. 


L. 

laureline,  CiflHjjOsN'. 
Laurepukine,  CiaHj^OsN. 


Lead    silicates    in    relation   to    pottery 

manufacture      (Thorpe     and     SiM- 

MONDS),  T.,  2282;  P.,  254. 
Lead,  approximate  estimation   of  small 

quantities  of  (Harcourt),   T.  ,  841  ; 

P.,  82. 
Leptandra,      constituents    of    (Power 

and     Rogerson),      T.,      1944;     P., 

218. 
Liglit.     See  under  Photochemistry. 
Linase    (Armstrong   and   Eyre),    P., 

335. 
Lithium,  action   of,  on  organic  halides 

(Spencer  and  Price),   T.,  385;  P., 

26. 


M. 


Manganese,   volumetric  estimation    of, 
in  manganese  ores  (Krirhnayya),  P., 
129. 
Matairesinol,  CjgHaoOg. 
Uelting-point  curves  of  aromatic  diazo- 
amines  (Smith  and  Watts),  T.,  562  ; 
P.,  45. 
Memorial  lecture,   Thomsen  (Thorpe), 

T.,  161. 
Mercury,   double   nitrites   of,   and    the 
bases    of    the    tetra-alkylammonium 
series  (Ray),  P.,  172. 
Mercury  alloys  with  silver  (Jones),  T., 
336;  P.,  47. 
with  sodium,  action  of,  on  methylene 
ethers    (Salway),    T.,    2413;    P., 
293. 
Mercuric  halides,  vapour  pressure  and 
molecular  volumes  of  (Prideaux), 
T.,  2032;  P.,  207. 
barium,     calcium,    and  ■  strontium 
nitrites  (Ray),  T.,  326;  P.,  7. 
Dimercurammonium  nitrate,    decom- 
position   of,    by    heat    (Ray    and 
Ghosh),  T.,  323;  P.,  6. 
Mercuricamphor  compounds,  action  of 
halogens  on  (Marsh),  T.,  2410  ;  P., 
297. 
Mesothorinm,  chemistry  of  (Soddy),  P. , 

336. 
Metallic  carbonyls,  properties  of  (Mond, 
Hirtz,  and  Cowap),  T.,  798;  P., 
67. 
hydroxides,  amphoteric  (Wood),   T., 
878  ;  P.,  94. 
Metals,    wet    oxidation    of    (Lambert 
and    Thomson),     T.,     2426;    P., 
290. 
of    the     tin     group,     separation     of 
(Caven),  p.,  176. 
Methylene    ethers,    action    of    sodium 
amalgam   on    (Salway),    T.,    2418  ; 
P.,  293. 
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Mixtures  of  enantiomorphons  substances, 
distillation  of  (Evans),  T.,  2233; 
P.,  251. 
binary,  of  organic  substances,  Traube's 
molecular  volume   method  applied 
to  (Atkixs),  p.,  337. 
binary,  of  liquefied  gases  (Steele  and 
Bagster),  T.,  2607  ;  P.,  253. 
Molecular    complexity,    in    the    liquid 
state,  of  tervalent  nitrogen  com- 
pounds (Turner and  Mekry),  T. , 
2069  ;  P.,  220. 
of     amides     in     various     solvents 
(Meldrum     and    Turxer),    T., 
1805  ;  P.,  213. 
in    the    liquid    state,    of    amines, 
nitriles  and  amides  (Ti'RXER  and 
Merry),  P.,  128. 
refraction.    See  under  Photochemistry, 
symmetry,    new    method    for    deter- 
mining   (Cohen  and    Marshall), 
T.,  328;  P.,  24. 
Molybdenum  carbonyl   (Mono,  Hirtz, 

and  Cowap),  T.,  809  ;  P.,  67. 
Morphological  studies  of  benzene  deriv- 
atives  (Armstrong),   T.,   1578;    P., 
139  ;  (Colgate  and  Rodd),  T.,  1585  ; 
P.,  139. 
Morphotropic  relations   between    corre- 
sponding compounds  of   silicon   and 
carbon  (Jerusalem),  T.,  2190;  P.,  249. 
Myrticolorin,  C2-H3oOig,3H20. 


Naphthalenediazoimines  and  their  ben- 

zenesulphonyl    derivatives    (Morgan 

and  Godden),  T.,  1702;  P.,  165, 

Narcissine,  C16H17O4N. 

XarcUsiis  pgeudonareiisxis,  alkaloid  from 

thebulbof  (EwiNs),  T.,  2406  ;  P.,  296. 

Neon,  density  and  molecular  weight  of 

(W.\TSON),  T.,  810;  P.,  70. 
Nickel  salts,  action  of  nitrites  and  hvpo- 
sulphiteson  (Ball),   P.,  329. 
carbonyl,  interaction  of,  with  carbon 
disulphide  (Dewar  and  Jones),  T., 
1226  ;  P.,  137. 
Nickel,  detection  of,  in  the  presence  of 

much  cobalt  (Ball),  P.,  329. 
Nitriles,    molecular   complexity  of,   in 
the     liquid     state     (Turner     and 
Merry),  P.,  128. 
open-chain,      formation     of     imino- 
derivatives    of    cyelopentane    from 
(Mitchell  and  Thori-e),  T.,  997  ; 
P.,  114. 
Nitro-compoTinds,     aromatic,      relation 
between    the   absoqition   spectra  and 
chemical      constitution      of     (Baly, 
Tuck  and  Marsdkn),  T.,  671 ;  P.,  61. 


Nitrogen  oxides,  in  atmospheric  air  at 
various  altitudes  (Hayhurst  and 
Pking),  T.,  868;  P.,  92. 

jrtoHOxide  {nitrous  oxide),  solubility 
of  (FiNDLAY  and  Creighton),  T., 
536;  P.,  44. 

sulphide,  new  (Burt),  T.,  1171  ;  P., 
127. 

Nitrites,  ionisation  of  the,  measured 
by  the  cryoscopic  method  (Ray  and 
Mikherjee),  p.,  173. 
Nitrogen  compounds,  tervalent,  mole- 
cular complexity  of,  in  the  liquid 
state  (Turner  and  Merry),  T., 
2069  ;  P.,   220. 

stereoisomeric  tervalent,  a  supposed 
case  of  (JoNKS  and  White),  T., 
632;  P.,  57. 
Non-electrolytes,  depression  of  electrical 
conductivity  by  (Armstrong  and 
Crothers),  p.,  299. 

influence  of,  on  enzyme  action  (Arm- 
strong and  Armstrong),  P., 
334. 

solubility  of  potassium  sulphate  in 
concentrated  aqueous  solutions  of 
(Fox  and  Gauge),  T.,  377  ;  P.,  27. 


Obituary  notices : — 

Charles  Graham,  T. ,  677. 
Theophilus  Home  Redwood,  T.,  680. 
Sir  Thomas  Wardle,  T.,  681. 
Alexander  Forbes  Watson,  T. ,  684. 
Opium,  new  alkaloid  from  (Dobbie  and 

Lauder),  P.,  339. 
Optical    activity    and    inversion.     See 

under  Photochemistry. 
Organic  compounds,   reactivity  of  the 
halogens  in  (Senter),  T.,  346  ;  P., 
23,  344. 
relation  between  the  crystal  structure 
and  the  chemical  compo-^ition,  con- 
stitution     and      contigu  ration      of 
(Barlow    and    Pope),   T.,    2308; 
P.,  251. 
solubility     of,    in     orranic    solvents 
(Tyrer),  T.,  1778;  p.,  205. 
Ostfris  abi/sainiea,  occurrence  of  osyritrin 

in  (AuLD),  P.,  146. 
Osyritrin,  C^}i„Oia.Zlip. 
Ozimes.     See  Amido-oximes. 
Oximino-groap,    coufig>iration     of    the 
(Mills    and    Bain),    T.,   1366;    P., 
214. 
Oxoniom  compounds  (Boon,  McKxnzie 

and  Reid),   P.,  95. 
Oxydases  (Gortner),  T.,  110. 
Oxygen,  the  union  of  hydrogen  and  in 
flame  (DixoK),  T.,  661. 
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Ozone,  in  atmospheric  air,  at  varions 
altitudes  (Hayhukst  and  Pking), 
T.,  868  ;  P.,  92. 

inhibitory  effect  of,  on  the  interaction 
of  hydrogen  and  chlorine  (Chap- 
man and  MacMahon),  P.,  58. 

homogeneous  decomposition  of,  in  the 
presence  of  oxygen  and  other  gases 
(Chapmak  and  Jones),  T.,  2463  ; 
P.,  294. 


Pavine,  C20H23O4N". 

Persalphates    and    Fersulpharic    acid. 

See  under  Sulphur. 
Phenol  derivatives  containing  a  mobile 
nitro-group,  syntheses  with  (Meldola 
and  KuNTZEN),  P.,  340. 
Phenols,  association  of  the  (Thole),  T., 
2596  ;  P.,  328. 
monohydric,  oxidation   of,    with   hy- 
drogen peroxide  (Henderson  and 
Boyd),  T.,  1659;  P.,  204. 
Phenozypropanolamines     (Boyd),     T.  , 

1791  ;  P.,  209. 
Phenylethylalkylamines,   p  -  hydroxy-, 
syntheses  of  (Walpole),  T.,  941  ;  P., 
87. 
Phosphorus  j^c/i^achloride,  action  of,  on 
unsaturated  compounds  (Clarke),  T., 
890  ;  P.,  96. 
Photochemical    inhibition.      See   under 

Photochemistry. 
Photochemistry  : — 

Light,  action  of   on  unsaturated  ke- 
tones  (Stobbe    and   Wilson),   T., 
1722;  P.,  206, 
Molecular  refraction  of  thiocyanates 
and  otlier  salts  (Dixon  and  Tay- 
lor), T.,  927;  P.,  90. 
Mutarotation  and  constitution  of  sugar 
anilides  (Irvine  and   McNicoll), 
T.,  1449;  P.,  195. 
Optical  activity,  effect  of  contiguous 
unsaturated  groups  on  (Edminson 
and  Hilditch),  T.,  223  ;  P.,  10  ; 
(Hiluitch),    T.,    1091  ;   P.,    95, 
141. 
relation   of,   to   position   isomerism 
(Cohen  and  Dhdley),  T.,  1732  ; 
P.,  209. 
Optical     inversion,     AValden's    (Mc- 
Kenzie  and  Humphries),  T.,  121  ; 
P.,  7  ;  (McKenzie  and  Clouoh), 
T.,  1016,  2564  ;  P.,  85,  325  ;  (Mc- 
Kknzib  and  When),  T.,  1355  ;  P., 
181. 
Optically    active    oompounds,    effect 
of    solvents     on    the    rotation     of 
(Paiterson  and    Stevenson),  T., 
2110  ;  P.,  236. 


Photochemistry  : — 
Optically  active  componnds,  contain- 
ing  one   asymmetric   silicon  group 
(Challenger    and   Kipping),    T., 
755;  P.,  65. 
Photochemical    inhibition,   nature   of 
(Chapman   and    MacMahon),   T., 
849  ;  P.,  93. 
Refractive  power,  relative  influence  of 
the  ketonic  and  ethenoid  linkings 
on  (Smedley),  T.,  1475;  P.,  148. 
Eotation  of  optically  active  compounds, 
effect  of   solvents  on   (Patterson 
and  Stevenson),  T.,  2110  ;  P.,  236. 
Botatory  power,  and  chemical  consti- 
tution (Pickard  and  Kenyon), 
P.,  336. 
of  alkaloids  and  their  salts  (Carr 
and  Reynolds),   T.,    1328;  P., 
180. 
Spectra,  absorption,  and  chemical  con- 
stitution, relation  between  (Baly, 
Tick,   and  Marsden),  T.,   571, 
1494  ;  P.,  51,  166. 
and   isomeric   change,    relation   be- 
tween     (LowRY,      Desch      and 
Southgate),    T.,   899;    P.,    68; 
(LowRY    and    Southgate),    T., 
905;  P.,  68. 
and   colour  of  sulphur  compounds 
(Purvis,    Jones    and    Taskeri, 
T.,  2287  ;  P.,  234. 
of     aniline    and    its     homologuos 

(Purvis),  T.,  1546;  P.,  194. 
of  furan,  furfui-aldehyde,  thiophen 
and  pyrrole  (Purvis),  T.,  1648  ; 
P.,  201. 
of  the  acyl  derivatives  of  camphor 
(Lowry   and    Southgate),    T., 
905  ;  P.,  68. 
of  campliorcarboxylic  acid  and  its 
derivatives  (Lowry,  Desch  and 
Southgate),  T.,  899  ;  P.,  68. 
of  aromatic  diazoamines  (Smith  and 

Watts),  T.,  562  ;  P.,  45. 
of  derivatives  and  isomerides  of  1:2- 
diketo-A*-cvclopentene  (Purvis), 
P.,  327. 
of      diketopyrroline       compounds 

(Purvis),  T.,  2535;  P.,  297. 
of  substituted  pyrazines  and  their 
salts    (TuTiN    and    Caton),   T., 
2524  ;  P.,  245. 
Physico-chemicai    constants,    additive, 
note  on  the  nsuallj'  adopted  method 
of  calculating  (Redorove),  P.,  99. 
Position  isomerism,  relation  of,  to  optical 
activity   (Cohen  and  Dudley),   T., 
1732;  P.,  209. 
Potassium  chlorate,  action  of,  on  con- 
centrated    sulphuric    acid    (Smith), 
P.,  124, 
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Fotassiiun  inereuri-iodide,  phenomeua 
observed  when,  is  dissolved  in  ether 
and  water  (Marsh),  T.,  2297  ;  P.  50. 

sulphate,  solubility  of,  in  concen- 
trated aqueous  solutions  of  non- 
electrolytes  (Fox  and  Gauge),  T., 
377  ;  P.,  27. 

cupricitrates  (Pickerixg),  T.,   1837  ; 
P.,  17. 
Pottery  manufacture,  lead  silicates  in 

relation  to  (Thorpe  and  Simmoxds), 

T,,  2282  ;  P.,  254. 
Pratensol,  Ci^HiaO,. 
Pratol,  CieHigO^. 
Pnmase,  occurrence  of,  in  plants  (Arm- 

STROXG,   Armstrokg  and  Horton), 

P.,  334. 
Pnmol,  CsiHgoOj. 

Pninics  serotina  {black  cherry),  the  con- 
stituents of  the  leaves  of  (PowER  and 

Moore),  T.,  1099  ;  P.,  124. 
Pokatea,  alkaloids  of  the  (Astox),  T., 

1381  ;  P.,  11. 
Pukateine,  CnHi-O^X. 
Pyrazines,  substituted,  and   their  salts, 

absorption    spectra    of     (Tt'Tix    and 

Catox),  T.,  2524  ;  P.,  245. 
Pyridine  derlTatives,  absorption  spectra 

of  the  vanonrs  of  (Purvis),  T.,  692  ; 

P.,  45. 


Qaeroitrin,  CgjHaoOjj. 

/.«(;QainoIine    derivatives   (Pvmax),   T., 

264  ;  P.,  21  ;  (Pymax  and  Reyxolds), 

1320  ;  P.,  180. 


Saeemie  aldehydes,  attempted  resolution 
of  (Woottox),  T.,  405  ;  P.,  43. 
compounds,  existence  of,  in  solution 
(DuNSTox  and  Thole),  T.,  1249  ; 
P.,  146. 
Badiom,   the  lialf-life  period  of  (Gray 
and  Ramsay),  T.,  185  ;  P.,  25. 
emanation,  influence  of,  on  equilibrium 
in  a  gaseous  system  (Usher),  T., 
889,  1193  ;  P.,  20,  133. 
Seactivity.   See  under  Aflinity.chemical. 
Se&active    power.     See  under    Photo- 
chemistry. 
Betin  acids  of  the  Coniferse  (Easter- 
field  and  Bee),  T.,  1028  ;  P.,  7. 
Bing,  four-cartx)n,  instance  of  the  stabil- 
ity of  the  (Campbell  and  Thorpe), 
T.,  2418  ;  -P.,  296. 
six-membered,  formation  of,  by  means 
of   the   imino  -  group   (Tholb   and 
Thorpe),  P.,  295. 
Book  analyses  and  river-water  analyses, 
correlation  of  (Shklton),  P.,  110. 


Botation.     See  under  Photochemistry. 
Euniex     Ecklonianiis,     constituents     of 

(TuTix  and  Clewer),  T.,  1. 
Buthenium  carbonyl  (MoxD,  Hirtz  and 

CowAP),  T..  809  ;  P.,  67. 
Butin,  C27H30616,  3HoO. 


Salts,  with  a  common  ion,  behaviour  of, 
when  dissolved  in  an  organic  solvent 
(Philip  and  Courtmax),  T,,  1261  ; 
P.,  140. 
basic,  constitution  of  (Pickerixg),  T., 
1851  ;  P.,  19. 
Salt  hydrates,  stable,  isolation  of  (Cmi- 

MIXG),  T.,  593;  P.,  57. 
Salt  solutions,  viscosity  of  (Applebey), 

T.,  2000;  P.,  216. 
Serotrin,  CaHaoOjg. 

Silicon  and  carbon,  morphotropic  rela- 
tions between  corresponding  com- 
pounds of  (jERfSALEM),  T.,  2190; 
P.,  249. 
Silicon  organic  compounds  (Chal- 
LEXGER  and  Kipping),  T.,  142,  765  ; 
P.,  3,  65. 
Silver  alloys  with  mercury  (JoxEs),  T., 

336  ;  P.,  47. 
Silver  salts  and  aliphatic  iodides,  kinetics 
of  the  reaction   between  (Donxan 
and  Potts),  T.,  1882  ;  P.,  212. 
halogen     salts,    catalytic    action     of 
(Senter),  T.,  346  ;  P.,  23. 
Sodium    aluminate    solutions,   constitu- 
tion of  (Slade),  p.,  236. 
carbonate,  stable   hvdrates  of  (CuM- 

MiXG),  T.,   593  ;  P.,  57. 
alkyl  thiosulphates,  action  of  alkalis 
on  (Price  and  Twias),  T.,  1175  ; 
P.,  136. 
Sodinm,  estimation  of  (Ball),  T.,  1408  ; 

P.,  169. 
Soditun  alloys  with  mercury,  action  of, 
on   methvleno   ethers   (Salway),    T., 
2413  ;  P.,  293. 
Solid  solutions.     See  Solutions,  solid. 
Solids,  jKTfectly  miscible,  and  their  solid 
solutions,   vapour  pressures  of  (Van- 
stone),  T.,  429;  P.,  47. 
SolabilitT,  a  contribution  to  the  theory 
of  (Tyrer),  T.,  1778  ;  P.,  205. 
of  gases  in  water,  influence  of  colloids 
andfine8U8{)en8ionson  the(FiNDLAY 
and     Creiohtox),     T.,    636;     P., 

relation  between,  and  the  physical 
state  of  the  solvent  in  the  absorp- 
tion of  carbon  dioxide  bv />-azoxy- 
phenetole  (Homkray),  T.,  1669  ; 
P.,  197. 
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Solnbilities,  below  and  above  the  critical 
temperature  (Tyrer),   T.,   621 ;    P., 
62. 
Solute,  volume  of  a,  in  solution  (Tyree), 

T.,  2620,  P.,  326. 
Solution,  volume  of  a  solute  in  (Tyrer), 
T.,  2620  ;  P.,  326. 
of  two  salts  witlx  a  common  ion,  in  an 
organic  solvent  (Philip  and  Court- 
MAK),  T.,  1261  ;  P.,  140. 
Solutions,  stiidies  of  the  processes  opera- 
tive in  (Worley  ;  Armstrong  and 
WoRLEY  ;  Glover  ;  Worley  and 
Glover),    P.,    298 ;    (Armstrong 
and  Wheeler  ;    Armstrong    and 
Crothers  ;  Armstrong),  P.,  299. 
dilute,    changes    in    volume    in    the 
formation   of  (Dawson),  T.,  1041, 
1896  ;  P.,  116,  202. 
solid,  vapour  pressures  of  (Vanstone), 
T.,  429;  P.,  47. 
Solvents,  influence  of,  on  the  rotation 
of  optically  active  compounds  (Pat- 
terson and  Stevenson),  T.,  2110  ; 
P.,  236. 
organic,    solubilities  of   organic  sub- 
stances in  (Tyrer),  T.,  1778  ;  P., 
205. 
Spectra.     See  under  Photochemistry. 
Stereoisomerism    of   tervalent   nitrogen 
compounds,  a  supposed  case  of  (Jones 
and  White),  T.,  632;  P.,  57.^ 
Strontium  mercuric  nitrite  (Ray),  T., 

326  ;  P.,  7. 
Sugars,  effect  of,  on  solutions  of  salts 
(Glover),  P.,  298.  _ 
anilides   of,    constitution    and    muta- 
rotation  of  (Irvine  and  McNicoll), 
T.,  1449  ;  P.,  195. 
Snlphinic  acids,  aromatic,  intermolecular 
condensation  of  (Hilditch),  T.,  2579  ; 
P.,  294. 
Sulphoxides,  hydroxy-  aromatic  (Gazdar 

and  Smiles),  T.,  2248  ;  P.,  253. 
Sulphur  compounds,  colour  and  absorp- 
tion spectra  of  (Purvis,  Jones  and 
Tahker),  T.  2287  ;  P.,  234. 
Thionyl  chloride,  interaction  of,  with 
phenyl     mercaptan    (Tasker    and 
Jones),  P.,  234. 
Snlphuric  acid,  physical  properties  of 
mixtures  of  ether  and  (Pound), 
P.,  341. 
action    of    i)0tassium    chlorate    on 
concentrated  (Smith),  P.,  124. 
Persulphuric  acid,   dynamics  of  the 
decomposition  of,   and  its  salts  in 
aqueous     solution     (Green      and 
Masson),  T.,  2083;  P.,  231. 
Feraalphates,  influence  of,  on  the  esti- 
mation of  hydrogen  j)eroxide  with 
permanganate  (Friend),  P.,  88. 


Tartramide,    the    influence    of   various 

substituents  on  the  optical  activity  of 

(Frankland    and   Twiss),   T.,   154  ; 

P.,  5. 
Tautomerism,  mechanism  of  (Tizard), 

P.,  125. 
Temperature,  critical.  See  under  Critical. 
Tephrosia    jntrpurea,     glucoside     from 

(Clarke  and  Baner.tee),  T.,  1833  ; 

P.,  213. 
Terpenes,  chemistry  of  (Henderson  and 
SrTHERLAND),  T.,  1616;  P.,  203; 
(Henderson    and    Pollock),    T., 
1620  ;  P.  203. 

synthesis  of  the  (Perkin),  T.,  2129  ; 
P.,  97,  249  ;  (Luff  and  Perkin), 
T.,  2147;  P.,  249. 
Tetra-alkylammoninm   series,   bases    of 

the,   double  nitrites  of  mercury  and 

(Ray),  p.,  172. 
Thioamides    (Russell),    T.,    953 ;    P. 

89. 
Thiocarbamides,  action  of  hydrogen  di- 
oxide on  (Barnett),  T.,  63. 
Thiocyanates  and  other  salts,  molecular 

refraction  of  (Dixon  and  Taylor),  T., 

927;  P.,  90. 
Thionyl  chloride.     See  under  Sulphur. 
Tin  group,  separation  of  metals  of  the 

(Caven),  p.,  176. 
Triazo-group,      the      (Forster      and 

MiJLLER),  T.,  126,  1056  ;  P.,  4,  112  ; 

(Forster  aud  Judd),  T.,  254  ;  P.,  28 ; 

(Forster  and  Newman),  T.,  1360, 

2570  ;  P.,  197,  322. 
Trifolianol,  C21H36O4. 
Trifolin  and  mTrifolin,  C22H22O11. 
Trifolitin,  CigHioOg. 
Trifolium  incanicUum,  constituents  of 

the  flowers  of  (Rogerson),  T.,  1004  ; 

P.,  112. 
Trifolium  prateiise  {clover)  flowers,  the 

constituents  of  (Power  and  Salway), 

T.,  231  ;  P.,  20. 
Tyrosinase,  new  variety  of  (Gortner), 

T.,  112. 


Unsaturated    compounds,    addition    of 

bromine     to     (Sudborough      and 

Thomas),     T.,     715,     2450;     P., 

294. 

action  of  phosphorus  iientachloride  on 

(Clarke),  T.,  890;  P.,  96. 
containing    the    tert.-butyryl    grouj' 
(Boon  and  Wilson),  T.,  1751  ;  P.. 
208. 
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Unsaturated  groups,  contiguous,  effect 
of,  on  optical  activity  (Edmixsox 
and  HiLDlTCH),  T.,  223;  P.,  10; 
(Hilbitch),  T.,  1091  ;  P.,  95,  141. 

Uranium-X,  adsorjition  of,  by  barium 
sulphate  (Bekky),  T.,  196;  P.,  6. 


Vapour  pressures,  of  two  perfectly  misci- 
ble   solids   and  their  solid  solutions 
(Vaxstoxe),  T.,  429  ;  P.,  47. 
Velocity  of  addition,  hydration  and  re- 
action.    See  under  Affinity,  chemical. 
Verosterol,  C.>7H4gO. 
Violaquercitrin,  C27H3oOi6,3H.20. 
Viscosity,  in  relation  to  the  measurement 
of  the  rate  of  reaction  (Dunstan), 
P.,  226. 
correlation     of,    with    other    consti- 
tutive    properties   (Hilditch    and 
Duxstan),  p.,  341. 
and  association  (Thole),  T.,  2596  ;  P., 

328. 
of  amides  (DuNSTAN  and  Mu.ssell), 

T.,  1935;  P.,  201. 
of  salt  solutions  (Applebey),  T.,  2000 ; 
P.,  216. 
Volume,  changes  in,  in  the  formation  of 
dilute  solutions  (Dawson),  T.,  1041  ; 
P.,  116;  T.,  1896;  P.,  202. 
Volumes,    atomic,    of    elements    before 
and    after   combination   (Pkideaux), 
T.,  2032;  P.,  207. 
Volume    method,    Traube's,   applied  to 
binary  mixtures  of  organic  suDstances 
(Atkiks),  P.,  337. 


W. 

Walden  inversion,  experiments  on  the 
(McKexzie    and    Humpheies),    T., 
121 ;  P.,  7  ;  (McKexzie  and  Clough), 
T.,  1016,2564;  P.,85,325;  (McKexzie 
and  Wbex),  T.,  1-355;  P.,  181. 
Water  : — 
Biver  water    analyses,    the  correla- 
tion of   rock    and  (Shelton),  P., 
110. 
Water  of  crystallisation,  action  of,  on 
calcium  carbide  (Masson),  T.,  851 ; 
P.,  6. 
Weights,  molecular,    determination  of, 
bv   the   Landsberger-Sakurai  boiling- 
iwint    method   (TuRXEK),    T.,    184  ; 
P.,  134. 


Xanthens,  formation  of  (Pope  and 
Howard),  T.,  78,  972  ;  P.,  88. 

Xanthocarthaminic  acid,  CojHojOio- 

Xanthouium  salts,  structure  of  (Hewitt 
and  Tiiole),  P.,  225. 

Xenon,  molecular  weight  of  (Watson), 
T.,  833;  P.,  70. 


Yeast  cells,  the  role  of  diffusion  in 
fermentation  by  (Slator  and  Sand), 
T.,  922;  P.,  85;  (Bkowjt),  P., 
30. 


FOEMULA   INDEX. 

The  following  iudex  of  organic  compounds  of  known  empirical  formula  is  arranged 
according  to  Richter's  system  (see  Lexikon  der  KoMenstoff-  Verbindungen). 

The  elements  are  given  in  the  order  C,  H,  O,  N,  CI,  Br,  I,  F,  S,  P,  and  the 
remainder  alphabetically. 

The  compounds  are  arranged — 

Firstly,  in  groups  according  to  the  number  of  carbon  atoms  (thus  Cj  grouj), 
Co  group,  etc.)- 

Secondly,  according  to  the  number  of  other  elements  besides  carbon  contained  in 
the  molecule  (thus  5  lY  indicates  that  the  molecule  contains  five  carbon  atoms  and 
four  other  elements). 

Thirdly,  according  to  the  nature  of  the  elements  present  in  the  molecule  (given  in 
the  aboTe  order). 

Fourthly,  according  to  the  number  of  atoms  of  each  single  element  (except  carbon) 
present  in  the  molecule. 

Simple  metallic  salts  of  acids  are  indexed  under  the  respective  acids. 

Simple  salts  of  bases  (for  example,  hydrochlorides,  platinichlorides,  and  picrates), 
when  described  for  the  i»urpose  of  further  identifying  the  base,  are  indexed  under 
the  latter. 

Ci  Group. 

CH4    Methane,  synthesis  of  (BoxE  and  Coward),  T.,  1219  ;  P.,  146. 

CO     Carbon  monoxide,  effect  of  temperature  on  the  dissociation  equilibrium  of 

(Rhead  and  Wheeler),  T.,  2178  ;  P.,  220. 
COj    Carbon    dioxide,   absorption   of,   by   ^azoxyphenetole,    relation   between 

solubility  and  the  physical  state  of  the  solvent  in  the  (HoMFRAY),  T.,  1669  ; 

P.,  197. 
CS    Carbon  mouosnlphide,  Deniger's,  non-existence  of  (Dunn),  P.,  116. 

1  II 

CHN     Hydrocyanic  acid,  combination  of,  with  keten  (Deakix  and  Wilsmore), 

T.,  1968  ;  P.,  216  ;  new  sensitive  test  for  (MoiB),  P.,  115. 
C0hN4    Tetranitromethaue,  preparation  of  (Chattaway),  T.,  2099  ;  P.,  164. 

1  III 

CH.NCl     Mcthyleuechluroamiue    (Crus-n,   Ukvax,   and    Bacun      T.,   '2404; 

v.,  248. 
CH4N..S     Thiocarbamide,  oxidation  of  (BARVFrr>.  T.,  63. 

1  IV 

CHtO.jNoS    Aminoiminomethanesalphinic  acid  (BabNBTt),  T.,  64. 

C,.  Group. 

C.HoO  Keten,  acme  reactions  nf,  and  its  combination  with  hydrocyanic  acid 
(Deakin  and  Wii.smork),  T.,  1968;  P.,  21C  ;  jiolymorisation  of  (Chick  and 
WIIJ4MORE),  T.,  1978  ;  P.,  217. 

C.H;:N:j  Triazoethylene  (cinylaunmide),  preiviration  of  (Forstek  and  New- 
man), T.,2574;  P.,  322. 
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2  III 

C2HN3BP0    Triazoethylene  dibromide  (Fokster  and  Newman),  T.,  2574; 

P.,  322. 
C2H2ON4    Triazomethylcarbimide    (Forster   and   Muller),  T,,   1061;    P., 

112. 
C^HsONy    Substance,    from    triazomethylcarbimide    and    water  (Forster    and 

MiJLLER),  T.,  1064. 
C2H3O2BP     Bromoacetic  acid,  interaction  of,  and  its  sodium  salt,   with  silver 

salts  in  aqueous  solution  (Senter),  T.,  346  ;  P.,  23. 
C2H4N3CI    Triazoethyl  chloride  (Forster  and  Newman),  T.,  2575  ;  P.,  322. 
C2H4N3BP    Triazoethyl  bromide  (Forster  and  Newman),  T.,  2576  ;  P.,  322. 
C0H4N3I    Triazoethyl  iodide  (Forster  and  Newman),  T.,  2577  ;  P.  322. 
C2H5ON5    Triazomethyl    carbamide    (Forster    and    MUller),    T.,    1065  ; 

P.,  113. 
C2H6O4S    Methyl  sulphate,  complete  methylation  by  (Meldola),  P.,  232. 

C3  Group. 

C3H4O4    Malonic  acid,  determination  of,  by  j)otassium  permanganate  (Cameron 
and  McEwan),  P.,  144. 

3  III 

C3H4O2NS    Bistriazomalonamide  (Forster  and  Muller),  T.,  138  ;  P.,  4. 
C3H5O2BP    o-Bromopropionic  acid,  interaction  of,  and  its  sodium  salt,  with 

silver  salts  in  aqueous  solution  (Senter),  T.  ,  346  ;  P. ,  23. 
C3H7O2CI    Glycerol  o-monochlorohydrin,  preparation  of  aryl  ethers  of  (Boyd 

and  Marle),  T.,  1788  ;  P.  208. 

C4  Group. 

C4H2O3     Maleic  anhydride,  rate  of  hydration  of  (Rivett  and  Sidgwick),  T., 

1677  ;  P.,  200  ;  action  of  Grignard  reagents  on  (Pujidie  and  Arup),  T.,  1537  ; 

P.,  199. 
C4H4O     Fur  an,  absorption  spectrum  of  (Purvis),  T.,  1648  ;  P.,  201. 
C4H4O2    cycloB\ita.n-l:3-dionc,  preparation  and  properties  of  (Chick  and  Wils- 

more),  T.,  1984  ;  P.,  217. 
C4H40{     Succinic  anhydride,  rate  of  hydration  of  (Rivett  and  Sidowick), 

T.",  1677;  P.,  200. 
C4H4S     Thiophen,  absorption  spectrum  of  (Purvis),  T.,  1648  ;  P.,  201. 
C4H5N    Pyrrole,  absorption  spectrum  of  (Purvis),  T.,  1648;  P.,  201. 
C4HuOi    Acetic  anhydride,  rate  of  hydration  of  (Rivett  and  Sidowick),  T., 

732;  P.,  66. 
C4H6O4    Succinic  acid,  sodium  salts  of  (Marshall  and  Bain),  T.,  1074  ;  P., 

114. 
C4H10O     Ethyl    ether,   physical  properties  of  mixtures  of,  and  sulphuric  acid 

(Pound),  P.,  341  ;   compounds  of,  with  mercuric  halides  and  halogen  salts 

(Marsh),  T.,  2305. 

Trimethylcarbinol,    crycosopic.   ebullioscopic    and   association   constants    ' 
(Atkins),  P.,  342. 

4  III 

C4H4N.,Bp..     l)ibromo-4(or  5)-methylglyoxalino,  and  its  silver  .salts  (Pvman 

T.^  1826  ;  P.,  212. 
C,Hr,0,N;;    Metliyltriazomalonic  acid  (Forster  and  Mulleh),  T.,  131  ;  P.,  -i. 
CjH.N.-Bp     Bromo-4(or  f))-metliylglyoxalinc,  suid  its  salts  (Pvman),  T.,  1826  ; 

P.,  212. 
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C4H6O0BP2    oj8-Dibromobutyric  acid,  action  of  bases  on,  and  its  esters  (James), 

T.",  1565  ;  P.,  201. 
C4H7O2N5    Methyltriazomalonamide  (Fobster  and  MiJLLEK),  T.,  133  ;  P.,  4. 
C4H7O0BP    o-Bromobutyric    acid,    interaction   of,    and  its  sodium   salt,   with 

silver  salts  in  aqueous  solution  (Senter),  T.,  346  ;  P.,  23. 
C4Hg04N2    Tartramide,    the   influence   of  various    substituents   on   the   optical 

activity  of  (Fraxklaxd  and  Tvviss),  T.,  154  ;  P.  5. 
C4HgN2S    Allylthiocarbamide,  oxidation  of  (Barnett),  T.,  65. 
C4H9ON3    )3-Triazoethyl  ether  (Forster  and  Newman),  T.,  2579  ;  P.,  322. 
C4H90.)N7    Substance  from  triazomethylcarbimide  and  ammonia  (Fokstek  and 

MCller),  T.,  1066. 

4  IV 

C4H8O2N2S   Allyl  derivative  of  aminoiminomethanesulphinic  acid  (+H.2O) 
(Barxett),  T.,  65. 

C5  Group. 

C5H10    cyc/oPentane,  formation  of  imino-derivatives  of,  from  open-chain  mono- 
nitriles  (Mitchell  and  Thorpe),  T.,  997  ;  P.,  114. 

5  II 

C5H4O0    Furfuraldehyde,  absorption  spectrum  of  (Purvis),  T.,  1648  ;  P.,  201. 
C5H4O3     Citraconic  and  itaconic  anhydiides,  rate  of  hydration  of  (Rivett 

and  Sidgwick),  T.,  1677  ;  P.,  200. 
C5H5N     Pyridine,   absorj^tion    spectra    of   the   vapours   of,   and    its  derivatives 

(Purvis),  T.,  692. 
CgHgOs    Methylsnccinic    anhydride,    rate    of    hydration    of   (RiVBTT    and 

Sidgwick),  T.,  1677;  P.,  200. 
C5H6O4    ?-Methoxysuccinic  anhydride  (Pctrdie  and  Voung),  T.,  1531. 
CsHkO,     /-Methoxysuccinic  acid,  silver  salt  of  (Purdie  and  Neave),  T.,  1518. 
CsHjN..     l:4-Dimethylglyoxaline,  and  its  salts  (Ptmax),  T.,  1821  ;  P.,  212. 

l:.5-Diniethylgloxaline,  and  its  salts  (Pvman),  T.,  1823  ;  P.,  212. 
C5H9N3    3-Amino-4-ethylgloxaline,  identity  of,  with  base  from  ergot  (Babgek 

and  Dale),  T.,  2592  ;  P.,  327. 
CsHuN    Piper  id  ine,  absorj)tion  spectrum  of  the  vapour  of  (Purvis),  T.,  705. 

5  III 

C5H5O2N    o-Acetoxyacrylonitrile  (Dkakin  and  Wilsmore),  T.,  1969;  P.. 
216. 

C5H0O3CL    ^Methoxysuccinyl  chloride  (Purdie  and  Young),  T.,  1530. 

CsH,jN.;Br2    2:5-Dibromo-l:4-dimethylgIyoxaline  (Pymax),  T.,  1831. 

C-.H^OaBr    Allyl  bromoacetate  (Clarke),  T.,  428. 

C-,H704N-;     Kthyltriazomalonic  acid  (Foj:ster  and  MOller),  T.,  133  ;  P.,  4. 

C5H7N2BP    2  (or  5)-Bromo-l:4-dimethylglyoxaline,  and  it«  salts  (Fyman). 
T.,  1828;  P.,  212.  \  '> 

2{oT  4)-Bromo-l:5-dimethylglyoraline,  and  its  salts  (Pyman),  T.,  1829; 

C.-,HHOoBro    Methyl  a/8-dibromobutyratc  (Jame.s),  T.,  1572. 
C.-.HjtOaNj     Tetrahydrouric  acid,  synthesis  of (Franklaxd),  T.,  1316  ;  P.,  171. 
C^HsO^N     Butyryl-  and  i.wbutyryl-formamide,   synthesis   of  (Bargkb    .and 
EwiNs),  T.,  291  ;  P.,  2. 

C-.Hf.O^N-,     Ethyltriazomalonamide  (For.stkr  and  MCller),  T.,  134  ;  P.,  4. 
C..,Hr,04N    /-Methoxysuccinamic  acid  (Purdie  and  Young),  T.,  1.''>32. 
CiH<,04Bp    a-Bromoac   tin  (Alpekn  and  Weizmann).  P. .  ni.' 
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C5H10O3N0    /-Methoxysucciudiamide  (PuEDiEandNEAVE),  T.,  1519. 
C6H10O4N6    Substance,    from    triazomethylcarbimide  and  water  (Forster  and 
MiJLLEK),  T.,  1063. 

Ce  Group. 

CgHg     Benzene,  separation  of  cyclohexa,ne  from  mixtures  containing  (Patteksox 

and  Fleck),  T.,  1773  ;  P.,  207. 
CgHi2    cyc^Hexane,  its   separation  from,  and  estimation  in,  mixtures  containing 

benzene  (Patterson  and  Fleck),  T.,  1773  ;  P.,  207. 

611 

CgHgO     Phenol,   freezing-point  curve  for  mixtures  of  camphor  and  (Wood  and 

Scott),  T.,  1573  ;  P.,  194. 
C6H6O2     Resorcinol,  condensation  of  benzaldehyde  with   (Pope  and  Howard), 

T.,    78;  condensation  of  anisaldehyde  with  (Pope  and  Howard),    T.,    972; 

P.,  88. 
C6H6O4    Anhydride  of  ci's-tetrahydrofuran-2:5-dicarboxylic  acidfLESuEUR 

and  Haas),  T.,  183. 
CgHgS     Phenyl  mercaptan,  interaction  of,   with  thionyl  chloride  (Tasker  and 

Jones),  P.,  234. 
CgHvN     Aniline,  absorption  spectra  of  (Purvis),  T.,  1546  ;  P.,  194  ;  colorimetric 

measurement  of  hydrolysis  of  salts  of  (Tizard),  T.,  2490  ;  P.,  225. 
a-Picoline,  absorption  spectrum  of  the  vapoiu-  of  (Purvis),  T.,  700. 
C8H8O4     Methyl  maleate,  action  of  Grignard  reagents   on  (Purdie  and  Arup), 

T.,  1537;  P.,  199. 
CgHgOs     m-Tetrahydrofuran-2:5-dicarboxylic  acid,  ammonium  salt  of  (Le 

Sueur  and  Haas),  T.,  183. 
rf-Dimethoxysuccinic  anhydride  (Purdie  and  Young),  T.,  1533. 
CgHgO?    Citric  acid,  potassium  cupric  salts  of  (Pickering),  T.,  1837  ;  P.,  17. 
CgHioOs    Methyl  hydrogen  ^-methoxysuccinate  (Purdie  and  Young),  T., 

1531. 
CgHiaO     Methyl  tert.-hntyl  ketone,  action  of,  onketol8(BooN),T.,  1256  ;  P.,  94. 
C6H]20g    (^-Fructose,   acetone  derivatives  of  (Irvine  and  Garrett),  T.,  1277  ; 

P.,  143. 

6  III 
CgHaOgN:,    s-Trinitrobenzeue,  additive  compounds  of,  with  arylamines  (SuD- 

BOKOUGH  and  Beard),  T.,  773  ;  P.,  71. 
C^HaOgNs    Tetranitroaniliue  (Flijbscheim  and  Simon),  P.,  81. 
CgHgOsNio    TristriazomethyHsocyanurate(FoR8TERandMuLLER),  T.,1064  ; 

P.,  112. 
CgHgOsNg    Ethyl  oa-bistriazoacetoacetate(FoRSTERand  Newman),  T.,  1367; 

P.,  197. 
CCH8O4CI2    rf-Dimethoxysuccinyl  chloride  (Purdie  and  Yoxtno),  T.,  1532. 
CgHflOjN-}     Methyl  o-triazomethylacetoacetate  (Forster and  Newman),  T., 

1363;  P.,  197. 
CgHgOsCl    Methyl  o-chloromethyla cetoacetate   (Forster  and  Newman), 

T.',  1363. 
C6H11O2BP    '/t-Butyl  bromoacetate  (Clarke),  T.,  428. 

tert-li\ity\  bromoacetate  (Clarke),  T.,  428. 
CrHioOsNp,    Semicarbazone-semicarbazido    of    acetoacetic    acid    (Chick 

and  WiLSMORK),  T.,  1991  ;  P.,  217. 

6  IV 
CuHjO'iIjS     2:3-5-,  2:4:5-,  and  3:4:5-Tri-iodobenzencsulphonic  acid,  metallic 

salts  of  (Boyle),  T.,  217  ;  P.,  4. 
CgH40.-)l2S     2:4-  and  3:5-Di-iodobonzenesulphonic    acid,    metallic    salts    of 
(Boyle),  T.,  216  ;  P.,  4. 
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C7  Group. 

C^Hg    Toluene,  chlorination  of  (Cohex,  Dawsox,  Blockey  and  Woodmansey), 
T.,  1623;  P.,  205. 

7  II 

C7H4N4    o-Triazobenzonitrile  (Forster  and  Judd),  T.,  262. 

CvHgO    Benzaldehyde,  condensation  of  resorcinol  with  (Pope  and  Howard), 

T.,  78. 
CtHsS    Benzyl  mercaptau,   reactions  of  (Smythe  and  Foesteb),    T.,    1195  ; 

P.,  135. 
C7H9N    Benzylamine,  absorption  spectrum  of  (Purvis),  T.,  1552. 
Methylaniline,  absorption  spectrum  of  (Purvis),  T.,  1551. 
'/-  and  OT-Toluidine,  absorption  spectra  of  (Purvis),  T.,  1551. 
yy-Toluidine,  and  its  condensation  product  with  acetaldehyde,  absorption  spectra 

of  (Purvis),  T.,  664;  P.,  56. 
2:4-and  2:6-Lutidine,  absorption  spectra  of  the  vapours  of  (Purvis),  T.,  702. 
A^-cycfoPenteneacetonitrile  (Hardixg  and  Haworth),  T.,  491. 
C7H10O2    A^-ci/doPenteneacetic  acid,  and  its  silver  salt  (Habdixo  and  Ha  worth), 
T.,  491;  P.,  61. 
cycZoPentylideneacetic  acid,  and  its  silver  salt  (Habdixg  and  Hawokth),  T., 
493. 

C7H10O3    C2/<^oHexanone-2-carboxylic  acid  (Gabdxee,  Pebkix  and  Watsox), 
T.,  1764  ;  P.,  137. 

C7H12O3    c//c^oPen tan- l-ol acetic   acid  (-f-  iHgO),  and  its  silver  salt  (Habdixg 

and  Haworth),  T.,  492. 
C7H10O4     Ethyl    malonate,    action  of  aromatic   amines   on    (Chattaway  and 

Olmsted),  T.,  938  ;  P.,  69. 
C7H12O5    Methyl  /-methoxysuccinate  (PuRDlE  and  Neave),  T.,  1517;  P.,  198; 

action  of  Grignard  reagents  on  (Purdie  and  Akup),  T.  ,  1537  ;  P.,  199. 
C7H10O6    Methyl  hydrogen  d-dimethoxysnccinate   (Pubdie  and  Yorxo), 

T.,  1533. 

7  III 

C7U4O6N4    2:5-    and    2:6-Dinitro-l-methoxy-3:4-quinonediazide    (Meldola 

and  Kevebdix),  T.,  1206. 
C7H8O4N    5-Nitrosalicylaldehyde,  and  its  sodium  salt  (Clayton),  T.,  1406. 
C7H6ON4    ;>-Triazobenz-a7tit-  and  *wM-aldoxime  (Forster  and  Judd),  T.,  257  ; 

P.,  28. 
C7He07N4    2:3:5-Trinitro-|)-anisidine  (Meldola and Kuntzen),  T.,466;  P.,  68; 

(Meldola  and  Revekdix),  T.,  1204  ;  P.,  132. 
2:3:6-Trinitro-j[>-anisidine,  product  of  diazotisation  of  (Meldola  and  Rever- 

DIX),  T.,  1204  ;  P.,  132. 
C7HgON2    Phenylcarbamide,  action  of  chlorine  on  (Chattaway  and  Chakey), 

T.,  292;  P.,  22. 
CtHaOoN    Ethyl        l-cyanocye/opropane-l>carbozyl&te      (Mitchell     and 

Thorpe),  T.,  100-J. 
CvHioOjBr...    Allyl  tt3-dibromobutyrate  (James),  T.,  1572. 
C7H10O3CI2    ae-Dicliloroacctoacetin  (Alpbbn  and  Weizmaxx),  P.,  345. 
CtHioO^N^    Ethyl  bistriazonialonate  ( Forster »nd  MCller),  T.,  186  ;  P.,  4. 
CvHiiOoBr    1-BromocycZopentanuacetic   acid  (Hardixo  and  Haworth),  T., 

492. 

C7H11O3N    4-Oximinoq/cZohexanecarboxylic  acid,  optically  active,  silver  and 
sodium  salta  of  (Mili>  and  Bain),  T.,  1866  ;  P.,  214. 
Ethjlcarbonato/sobutyronitrile  (Davis),  T.,  961  ;  P.,  90. 
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CvHjiOsNs    Ethyl  o-triazomethylacetoacetate,  (Forster  and  Newman),  T., 

1364;  P.,  197. 
CrHigOaN    Ethyl  N-allylgly  cine  (Alpern  and  Weizmann),  P.,  345. 
C7H13O3N3    Seniicarbazone  of  homolsevulic  acid  (Campbell  and  Thorpe), 

t.,  1315. 
C^HiaNS    Thioacetylpiperidine  (Russell),  T.,  954. 
C7H14ON2    Acetenylpiperidyloxime  (Russell),  T.,  955. 

7  IV 

C7H2ON0CI6    2:4:6-Ti'i  chlorophenyltrichlorocarbamide  (Chattaway    and 

Chaney),  T.,  299. 
CtHsONoCIs    2:4:6-Trichloropheuyldichlo  rocarbamide    (Chattaway  and 

Chaney),  T.,  298. 

C-H4ON2CI4   i5-Chlorophenyltrichlorocarbamide(CHATTAWAY and  Chaney), 
T.,  295. 
2:4-Dichlorophenyl-s-dichlorocarbamide  (Chattaway  and  Chaney),  T., 

297. 
2:4-Dichlorophenyl-as-dichlorocarbamide  (Chattaway    and     Chaney), 

T.,  296. 
2:4:6-Trichlorophenylmonochlorocarbamide  (Chattaway  and 

Chaney),  T.,  297. 
CrHflONaCla  i?-Chlorophenyldichlorocarbamide  (Chattaway  and  Chaney), 
T.,  295. 
2:4-Dichlorophenylmonochlorocarbaniide  (Chattaway  and    Chaney), 

T.,  295. 
2:4:6-Trichlorophenylcarbainide  (Chattaway  and  Chaney),  T.,  298. 
C7H5O3I3S     Methyl  2:3:5-,     2:4:5-,     and     3:4:5-tri-iodobenzenesulphonate 

(Boyle),  T.,  218  ;  P.,  4. 
C7H6ON2CI2  ^-Chlorophenylchlorocarbamide   (Chattaway  and  Chaney), 

T.,  294. 
C7HBO3I2S     Methyl     2:4-,    2:5-,    3:4-,     and     3:5-di-iodobenzenesulphonate 

(Boyle),  T.,  216,  220;  P.,  4. 
C7H7O2N3S  Me  thane  sulphonyl-^-phenyleuediazoimide(MoEOAN,  Pickard, 

and  Micklethwait),  T.,  62. 
C7H8O4N2S    Methanesulphonyl-;?-nitroaniline     (Morgan,     Pickard,     and 

Micklethwait),  T.,  61. 
C7H10O2N2S    Methane  sulphonyl-2?-phenylenediamine  and  its  hydrochloride 
(Morgan,  Pickard,  and  Micklethwait),  T.,  61. 

Cr  Group. 

C8H4O3    Phthalic   anhydride,  rate  of  hydration  of  (Rivett   and  Sidgwick), 

T.,  1677;  P.,  200. 
CpHsOn  Anisaldeliyde,   condensation  of,  with  resorcinol  (Pope  and  Howard), 

T."  972  ;  P.,  88. 
C8Hg03    4-Methoxy-2:5-tolu(iiiinone  (Luff,  Perkin,  and  Robinson),  T.,  1137  ; 

P.,  132. 
CsHioOs    4-Methoxy-2:5-toluquinol  (Luff,  Perkin,  and  Robinson),  T.,  1137. 
CgHuN     Ethylaniline,  absorption  spectrum  of  (Purvis),  T.,  1551. 
Dimethylaniline,  absorption  spectrum  of  (Purvis),  T.,  1551. 
0-3-,  and  m-2-Xylidine,  absorption  spectra  of  (Purvis),  T.,  1552. 
2:4:6-Trimethylpyridiuc,   absorption   spectrum  of   the  vapour  of  (Purvis), 
T.,  704. 
CgHi202    rf-l-Metliyl-Ai-c2/cifohexene-3-carboxylic  acid  (Perkin),  P.,  97. 

dl-,  d;  and  /-l-Methyl-A^-cj/cZohexene-S-carboxylic  acids,  and  calcium  salt 
of  the  first  (Perkin),  T.,  2138,  2140,  2142. 
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C8H12O-     l-Methylcyc/oheian-2-one-3-carboxylic    acid  (Gardner,  Perkin, 
and  Watson),  T.,  1765  ;  P.,  137. 
f//-,  andd-l-MethylcycZohexan-3-one-4-carboxylic  aci  da  (Gardner,  Perkin, 

and  Watson),  T.,  1767  ;  P.,  137. 
l-Methylc?/cZohexan-4-one-3-carboxylic     acid     (Gardner,     Perkin,    and 
Watson),  T.,  1769;  P.,  137. 
C8H12O6    Pentane-a/38-tricarboxylic  acid  (Hope  and  Perkin),  P.,  178. 

isoPentane-a/35-tricarboxylic  acid  (Hope  and  Perkin),  P.,  179. 
CsHi40.    l-Methylcyc/ohexan-2-ol-3-carboxylic  acid  (Gardner,  Perkin,  and 
Watson),  T.,  1766, 
(U-,  and  rf-l-Methylcyc^hexan-3-ol-4-carboxylic  acids  (Gardner,  Perkin, 

and  Watson),  T.,  1767. 
l-MethyIci/cZohexan-4-ol-3-carboxylic     acid      (Gardner,     Perkin,     and 
Watson),  T.,  1770;  P.,  137. 
CSH14O4     Acid,  from  oxidation  of  carpaine  (Barger),  T.,  471. 
CgHnN    Coniine,  absorption  spectra  of  (Purvis),  T.,  1035  ;  P.,  113. 

8  III 

CaH404CU    3:5-Dichloro-o-phthalic  acid,  synthesis  of  (Ckosslby  and  Wren), 

T.,  98  ;  P.,  8. 
CgHgO^e    2:5-Dinitro-4-acetylamino-3-triazophenol  (Meldola  and  Kunt- 

ZEN),  P.,  340. 
C3H6O8N4     2:3:5-Trinitro-4-acetyl-aminoplienol,  metallic  salts  of,  and  absorp- 
tion spectrum  of  (Meldola  and  Kuntzen),  T.,  444  ;  P.,  58. 
CgHyON.    Triazoacetophenone,  and  its  derivatives  (Forstkr  and  Miller), 

T.,  140. 
CsHtOoNj  Phenyltriazoacetic  acid  (Forstek  and  Muller),  T.,  138;  P.,  4. 
CHvOoCl     «-Chloro-o-hydroxyacetophenone  (Tutin),  T.,  2504. 
CsHAN    3-Nitro-7-methylsalicylaldeliydo  (Clayton),  T.,  1405. 

5-Nitro-4-methylsalicylaldehyde  (Clayton),  T.,  1406. 
C8H704Nn    «-Triazogallacetophenone  (Barger  and  Ewins),  T.,  2260. 
C^HtCN    5-Nitro-4-methylsalicylic  acid  (Clayton),  T.  1402. 
CHsONo    Phenyliminoacetamide  (Fokster  and  MCller),  T.,  140. 
CiiHsON4    Triazoacetopheuoneoxime  (Forster  and  Mullek),  T.,  141. 
C*,H,04Nj    Oxime  of  5-nitio-4-methylsalicylaldehyde  (Clayfon),  T.,  1406. 
C«H.,0N5    Phenyltriazomethylcaibamide  (Fop^ter  and  Miller),  T.,  1065; 

I'.,  113. 
CsHsOoN    «-Amino-/>-hydroxyacetophenone,  hydriodide  of  (Tutin),  T.,  2520. 
a-Cyano-A'-cyc/openteneacetic  acid   (Harding  and   Haworth),  T.,   489; 

P.,  61. 
CgHgOsN    w-Amino-op-dihydroxyacetophenoue,  and  its  salts,  (Tutin),  T., 

2513  ;  P.,  245. 
o-Amino-;«7J-dihydroxyacetophenone,    hydriodide  of  (Tutin),   T.,  2520; 

P.,  244. 
CsHAN     5-Nitro-2-cthoxybenzaldehyde  (Clayton),  T.,  2109. 
<tf-Aminogallacetophenone,    hydrochloride  of   (Bakuer  and   Ewin.s),  T., 

2261  ;  P.,  248. 
CsHjoOoNj    Substance,  from  phenyltriazomethylcarbamide  and  sodium  carbonate 

(FousTERand  Mullek),  T.,  1065. 
C^HijOsN    2:3:4-Trihydroxy-/3-phenylethylamine,  hydrochloride  of  (Barosr 

.iiid  Ewins),  T.,  2260  ;  P.,  248. 
C^HnOCl    5-Chloro-l:l-dimethyl-A*-cycfchexen-8-one,    interaction    of    ethyl 

cyanoaceUte  and  (Cuos-^LEY  and  GilliN(j),  T.,  61if  ;  P.,  53. 
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CgHiiOaN  Ethyl  1-cyanoci/c^butane-l-carboxylate,  preparation  of  pure 
(Campbell  and  Thorpe),  T.,  2421. 

3:4-Dihydroxy-)3-phenylethylamine,  preparation  of,  and  its  hydrobromide 
(Bargee  and  Ewins),  T.,  2257  ;  P.,  248. 

C8H12O2N2  Ethyl  )3-imino-o-cyanovalerate  (Campbell  and  Thorpe),  T., 
1308. 

C8H12O2BP2  3:4-Dibromo-l-methylcyc/ohexane-3-carboxylic  acid  (Luff  and 
Perkin),  T.,  2152. 

C8H13O2N3  4-Amino-2:4-dimethyl-A2-tetrahydro-6-pyridone-3-carboxyl- 
amide,  and  its  silver  and  barium  salts  (Chick  and  Wilsmore),  T.,  1993  ; 
P.,  217. 

CSH13O2BP  4-Bromo-l-inethylcycZohexane-3-carboxylic  acid  (Luff  and 
Perkin),  T.,  2153. 

CgHisOsNg  Ethyl  a-triazoethylacetoacetate  (FoRSTEB  and  Newman),  T., 
1365  ;  P.,  197. 

C8H13O4N3  Ethyl  methyltriazomalouate  (Forster  and  Muller),  T.,  132; 
P.,  4. 

C»Hi403N6  Semicarbazone  of  ethyl  a-triazomethylacetoacetate  (For- 
ster and  Newman),  T.,  1365. 

8  IV 

CgHsON^K    Substance,    from    ^'-tnazobuuzaldehyde     and     potassium     cyanide 

(Forster  and  Judd),  T.,  260. 
C8H7O3I3S     Ethyl     2:3:5-,     2:4:5-,      and     3:4:5-tri-iodobenzenesulphonate 

(Boyle),  T.,  217  ;  P.,  4. 
CgH803l2S     Ethy]     2:4-,     2:5-,     3:4-,     and     3:5-di-iodobeuzenesulphonate 

(Boyle),  T.,  216,  220;  P.,  4. 


Cg  Group. 

C9H16    e^/c'/oGeraniolene,     synthesis     of    (Crossley    and    Gillxng),    T.,    2218; 
P.,  252. 

9  II 

C9H6O4    Triketohydrindene  hydrate  (Ruhemann),  T.,  1446,  2025  ;  P.,  196, 

235. 
C9H7N    Quinoline,  absorption  spectra  of  (Purvis),  T.,  1035  ;  P.,  113  ;  ^>hydroxy- 

azo-derivatives  of  (Fox),  T.,  1337  ;  P.,  177. 
CpHgO     a-Hydrindone,  preparation  of  (Mitchell  and  Thorpe),  T.,  2274. 
CgHgOs    Coumarinic  acid,  constitution  of  (Clayton),  T.,  2102;  P.,  230. 
CgHgNo    3-Aminoquinoline,  and  its  salts  (Mills  and  Watson),  T.,  746  ;  P.,  56. 
C9HSCI4    a077-Tetrachloro-a-phenylpropaue  (Clarke),  T.,  898;  P.,  96. 
CgHgBr    Cinnamyl  bromide  (Clarke),  T.,  428. 

C9H10O2    4:5-  and  5:6-  Dimethylsalicylaldehyde  (Clayton),  T.,  1404. 
C9H10O3    a-Hydroxy-a-phenylpropionic     acid,    optically  active,    the    inter- 

oonversion  of,  and  its  silver  salt  (McKenzie  and  Clough),  T.,  1016  ;  P.,  85  ; 

conversion  of,  into  o-chloro-o-phenylpropionic  acid  (McKenzie  and  Clough), 

T.,  2564  ;  P.,  325. 
a-Hydroxy-)3-phenylpropionic  acids,    optically  active,   interconversiou  of 

(McKenzie  and  Wren),  T.,  1355;  P.,  181. 
d- and  Z-)8-Hydroxy-)3-pheuylpropionic  acid  (MoKbnzik  and  Humphries), 

T.,  123. 
5:6-Dimethyl8alicylic  acid  (Clayton),  T.,  1405. 
Methyl  ^-mandelate,  optically  active  glycols  from  (McKenzie and  Wukn),  T., 

473  ;  P.,  54. 
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C9H10N0    ^-Amino-m-tolylacetonitrile,    and    its    hydrochloride    aiid    oxalate 

(Bargee  and  Ewiks),  T.,  2256. 
C9H11N     m-Xylidine,  and  its  condensation  product  with  acetaldehyde,  absorption 

spectra  of  (Purvis),  T.,  644  ;  P.,  56. 
C9H13N    Mesidine,  absorption  spectrum  of  (Purvis),  T.,  1552. 

l-Methyl-A--«/c/ohexene-3-acetonitrile  (Hardixg  and  Haworth),  T.,  495. 
C9H14O0    l-Methyl-A--cycZohexene-3-acetic  acid  (Harding    and    Haworth), 

T.,"495. 
Ethyl  A^-ci/cZopenteneacetate  (Harding  and  Haworth),  T.,  493. 
C9Hi404    Acid,  from  the  sodio-derivative  of  dimethyl  a-thujadicarboxylate,  and  its 

silver  salt  (Thomson),  T.,  1515  ;  P.,  178. 
C9H16O2    A»-Nonenoic  acid,  and  its  derivatives  (Harding  and  Weizmann),  T., 

299;  P.,  24. 
C9H16OS    Ethyl  ^-methoxysuccinate  (Purdie  and  Neavb),  T.,  1518. 

aa-Dipropionin  (Alpebn  and  ^Veizmann),  P.,  345. 
C9H]606    a-  and  /3-Fructosemonoacetone  (Irvine  and  Garrett),    T.,  1283  ; 

P.,  143. 
CtiHnBr    3-Bromo-l:l:3-trimethylcyc/ohexane  (Crossley  and  GiLLiNG),  T., 

2220. 
CgHigO    l:l:3-Trimethylcycfohexan-3-ol  (Crossley  and  Gilling),   T.,  2220  ; 

P.,  252. 
CciHitiOQ    71-Nonoic  acid,   condensation  products  of,   with  glycine,  alanine  and 

leucine  (Hopwood  and  Weizmann),  P.,  69. 
C9H1SO3    /3-Hydroxy-7i-uonoic  acid  (Harding  and  Weizmann),  T.,  303. 

9  III 

C9H4O6N2    3:6-  and  6:8-Dinit  rocoumarin  (Clayton),  T.,  1397. 

C9H40:N.>    6:8-Dinitroumbelliferone  (Clayton),  T.,  1401. 

C9H5O5N     8-Nitroumbelliferone  (Cla-ston),  T.,  1401. 

C9H6OCI4    aa)8-Trichloro-)3-phenvlpropionyl  chloride  (Clarke),   T.,    893: 

P.,  96. 
C9HSO7N2    6:8-Dinitrocoumarinic  acid  (Clayton),  T.,  1407. 
C9H7ON    3-Hydroxyquinoline,  and  its  sulphate  (Mills  and  Wat.-^un).  T.,  7.')3  ; 

P.,  56. 
8-Hydroxyquinoline,  metallic  salts  of  (Fox),  T.,  1119;  P.,  134. 
CHtOCI!    o;3-Dichloro-/3-phenylpropionyl    chloride    (Clarke)     T.,    892; 

P.,  96. 
C^HtOoN    8-Aminocoumarin  (Clatton),  T.,  1352. 

C<,H70.;C1.!    oa/3-Trichloro-j3-phenylpropionic  acid  (Clarke),  T.,  894  ;  P.,  96. 
C9H704Nt     Phenyltriazomalonic  acid  (Forster  and  MIjllkr),  T.,  134  ;  P.,  4. 
C9H7O4CI    a-Chloro-3:4-dihydroxycinnamic  acid  (Clarke),  T.,  897  ;  P.,  96. 
C9H70r,N    5-Nitrocoumarinic  acid,  silver  salt  (Clayton),  T.,  2106. 
C9H70«N    8-Nitro-7hydroxycoumarinic  acid  (Clayton),  T.,  1408. 
C9H7NXI     2Chloro-3-aminoquinoline  (Mill-s  and  Wat-son),  T.,  754  ;  P.,  56. 
CsHhOCL    c^Z-a-Chloro-a-phenylpropionyl  chloride  (McKENZlEand  Clough), 

T.,  1021. 
CHhOoNj    p-Nitro-m-tolylacetonitrilo  (BARGERand  EwiNs),  T.,  2256. 
CyHMOfiNj    3:6-Dinitro-4:5-dimethyl8alicylaldehyde  (Clayton),  T.,  1407. 
CmH,07N2    3:6-Dinitro-l:5-dimethyl8alicylic    acid      (+  JHgO)    (Clayton), 

T.,  1402. 
C9HgOsN4    2:3:5-Trinitro-4-acetylamiuoanisole   (Miloola   and    Kuntzkk), 

T.,  455;  P.,  58. 
CyUgON    p-Hydrozy-m-toIylacetonitrile  (Barobr  and  Ewins).  T..  2256. 
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C9H9O.2N    si/n-Ethylidenesalicylamide  (Hicks),  T.,  1034  ;  P.,  92. 

2-Methyl-l:3-dihydrobenzoxazine-4-one  (Hicks),  T.,  1032;  P.,  91. 
C9H9O2N5    Plienyltriazomalonamide  (Forster  and  Muller),  T.,  136  ;  P.,  4. 
CgH902Cl    d-    and     Z-a-Chloro-a-phenylpropionic     acid      (McKenzie      and 
Clough),  T.,  1021. 
co-Chloro-o-methoxyacetophenone  (Ttjtin),  T.,  2503;  P.,  244. 
C9H9O2BP     Benzyl  bromoacetate  (Clarke),  T.,  428. 
C9H9O3N    Malonanilic    acid,    preparation    of   (Chattaway    and    Olmsted) 

T.",  939. 
C9H9O4N     3-Nitro-4:5-    and    5:6-dimet]iylsalicylaldeliyde     (Clayton),    T 

1405. 
CgHioONe    Triazoacetophenonesemicarbazone     (Forster     and     Mijller) 

T.,  141. 
C9Hn02N    Methyl  o-cyano-A'-c!/cZopenteneacetate  (Harding and  Haworth) 
T.,  490. 
«-Amino-^-methoxyacetophenone,  salts  of  (Tutin),  T.,  2509. 
C9Hn04N3    2:5-Dinitrodimethyl-^-toluidine    (Morgan    and    Clayton),   T., 
2650;  P.,  323. 
2:6-Dinitrodimetliyl-p-toluidine     (Morgan     and     Clayton),     T.,    2652; 
P.,  323. 
CgHnOnN;.     2:6-Dinitrodimethyl-^-anisidine  (Melbola),  P.,  232. 
CgHnOsN;    Guanidine  salt  of  2:3.-5-trinitro-4-acetylaminophenol  (Meldola 

and  Kxtntzen),  T.,  452. 
CgHnNS    iV-Methylthiodiphenylamine,    mercuri-iodide    of   (Barnett    and 

Smiles),  T.,  985. 
CgHjsON    ^-Hydroxyphenylethylmethylamine,     and      its      hydrochloride 
picrate,  oxalate  and  picronolate  (Walpole),  T.,  945  ;  P.,  88. 
4-Hydroxy-j3-?ft-tolyletliy]ainine,  and   its  salts  (Barger  and  EwiKs),   T., 
2257;  P.,  248. 
C9H]302N    3-Amino-)8'-phenoxyisopropyl  alcohol,   and  its  salts  (Boyd).  T., 
i791  ;  P.,  209. 
3:4-Dihydroxyphenylethylinethylamine,  and  its  salts  (Pyman),  T.,  272. 
4:5-Dimethoxy-o-toluidine  (Luff,  Perkin,  and  Robinson),  T. ,  11.34  ;  P.,  132. 
CgHiaOgN    Ethyl  cyanot'sobutyrylacetate,  and  its  silver  salt   (Campbell  and 

Thorpe),  T.,  1311. 
C9H14O2N2    Ethyl  j8-imino-a-cyanotsobutylacetate  (Campbell  and  Thorpe), 

T.,  1311. 
ChHisOCI    Aa-Nonenoyl  chloride  (Harding  and  Weizmann),  T.,  302. 
C9H1BO2BP    Ethyl  1-bromocydopentaneacetate    (Harding    and    Haworth), 

T.,  493. 
CgHisOsN     Amide    of    o-thujadicarboxylic    acid,    and    its    ammonium    salt 

(Thomson),  T.,  1512. 
C9H15O4N3    Ethyl    ethyltriazoraalonate   (Forster  and  Mtjller),   T.,    133; 

P.,  4". 
C9H]602BPo    aj3-Dibromo-7i-nonoic  acid  (Harding  and  Weizmann),  T.,  304. 
CgHifiOjNfi    Semicarbazone  of   ethyl    o-triazoethylacetoacetate  (Forster 

and  Newman),  T.,  1366. 
CgHnON    Aa-Nouenoamide  (Harding  and  Weizmann),  T.,  302. 

9  IV 

C9H6O.1NCI3    2:4:6-Trichloromalonanilic    acid    (Chattaway   and    Mason), 

T.',  343. 
C9H603NBr.!    2:4:6-Tribromonialonanilic    acid    (Chattaway  and    Mason), 

T.,  345. 
CgHTOsNClj    2:4-Dichloromalonanilic  acid  (Chattaway  and  Mason),  T.,  342. 
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C9H-O3NBP2    2:4-Dibromomalonanilic     acid     (Chattaway     and     Mason), 

T.,  344. 
C9H3O3NCI    ;^-Chloromalonilic  acid  (Chattaway  and  Mason),  T.,  341. 
CsHgOgNBP    p-Bromomaionanilic  acid  (Chattaway  and  Masox),  T.,  344. 
CjjHigOClBP    a-Bromo-7i-nonoyl  chloride  (Hopwood  and  Weizmann),  P.,  69. 

Cio  Group. 

CioHg    Naphthalene,  absorption  spectrum  of  (Homer  and   PuBVis),  T.,  280  ; 

P.,  5  ;  the  Friedel-Crafts'  reaction  applied  to  (Homek),  T.,  1141  ;  P.,  11. 
CioHio     l:4-Dihydronaphthalene,  absorptiou  spectrum  of  (LEOXAKiJj,  T.,  1246  ; 

P.,  143. 
C10H12    l:2:3:4-Tetrahydronaphthalene,  absorption  spectram  of   (Leonaed), 

T.,  1246;  P.,  143. 
C10H16    Terpene,  monocyclic,  from  thymol  (Hendbkson  and  Sutherland),  T., 
1619;  P.,  203. 
A^^Sj-p-Menthadiene,  new  method  of  preparation  of  (Pebkin  and  W.allach), 

T.,  1427;  P.,  194. 
rf?-A*^)-»i-Menthadiene  (Pekkin),  T.,  2147. 
dl;  d-,  and  ;-A5^»*V™-^«»t^adiene  (Pekkix),  T.,  2139,  2142. 
f^Ca^vestrene  {sylvestrcne),  synthesis  of,  and  its  dihydrochloride  (Pkkkix),  P., 
97. 
CjoHi,     l:l-Dimethyl-3-ethyl<^cZohexene  (Ceossley and  Gilliso),  T.,  2222. 
Dihydrocamphene,  preparation  of  (Henderson  and  Pollock),  T.,  1621  ;  P., 

203. 
Dihydrobornylenc,  preparation  of  (Hexdebson  and  Pollock),  T.,  1621  ;  P., 
204. 

10  II 
C,qH«Og    Mellophanic  acid  {heiizene-\:2:Z-A-tetracarboxylie  acj</),  constitution  of 
(Bamford  and  Simossen),  T.,  1908  ;  P.,  206.    • 
Prehnitic  acid  {heiizeiie-\-.2:Z:b-t*;tracarhoxijlic  acid),  constitution  of  (Bamford 
and  S1.M0XSEX),  T.,  1906  ;  P.,  206. 
CioHsNe    2:7-Bi8triazonaphthaleue  {naphthylene-2i'i -bisazoimide)  (Morgan  and 

Micklethwait),  T.,  2560;  P.,  293. 
C10H-N3    l:2-Naphthylen6diazoimine,   two  isomerides  (Morgan  and   God- 

de.n),  T.,  1718. 
CioHsOs    Methyltriroesic  acid,  and  its  silver  salt  (Simoxsen),  T.,  1914;  P., 

200. 
CioHgNa    l-Imino-2-cyauohydrindene  (Mitcuell  and  Thorpe),  T.,  2276. 
CioHsOa    d-/3-Phenyl-/3-methylglycidic  acid,  sodium  salt  (Wootton),  T.,  409  ; 

P.,  44. 
CioHioO    2-MethyI-l-hydrindone  (Mitchell  and  Thorpe),  T.,  2275. 
CioHinOg    w-Hemipinic  acid,  preparation  of  (Luff,  Perkin,  and  Robinson),  T., 

113ti;  P.,  132. 
CioHisOj    3:5Diethyl-/>-benzoquinone  (Henderson  and  Boyd),  T.,  1664. 
doHiaOj    Methyl  Z-phenylmethoxyacetate  (McKexzie  and  Wrex),  T.,  484. 
C10H10O4    /3-5-Hydroxy-3-methoxyphenylpropionic  acid(SAL\VAY),T.,  2417. 

2:3:4-Trimethoxybenzaldehyde  (BAROEUand  Ewixs),  T.,  2258. 
CioHiaOfi    Asaronic  acid,  preparation   of  (Luff,  Perkin,  »nd  Robinson),  T., 

1138;  P.,  133. 
C10H12N2    3-)3-Aniinoethylindole,  syntheses  of  (Ewins  and  La  idlaw).  P.,  343. 
C10H13N     2-Methy Itetrahydroquinoline  (te<raA>/droyMinaWjH<:),  racemic,  reso- 
lution of  (Pope  and  Read)  T.,  2199  ;  P.,  251. 
<^  and  /•2-Methyltetrahydro4uiuQline,  and  their  hydrochlorides  (PoPE  and 
Read),  T.,  2203. 
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CioHuO    Methylpropylphenol  (Henderson  and  Boyd),  T.,  1669. 
CioHi402    ^o)3-Dihyd^oxy-a-phenyh■.9obutane  (McKenzie  and  Wren),  T.,  481. 
3:5-l)iethylquinol  (Henders.)N  and  Boyd),  T.,  1665. 

CioHuOs    2:4:5-Trimethoxy toluene  (Luff,  Perkin,  and  Robinson),  T.,  1137; 
P.,  133. 

C10H14O4    Tetrahydroxyier^.-butylbenzene     (Henderson    and     Boyd),    T., 
1665, 
Tetrahydroxycymene  (Henderson  and  Boyd),  T.,  166-3. 
C10H14N2    Nicotine,  absorption  spectra  of  (Purvis),  T.,  1035;  P.,  113. 
CioHjsN     Diethylaniline,  absorption  spectrum  of  (Purvis),  T.,  1551. 
a-l-M.  thyl-A^-c7/c7ohexene-3-propionitrile   (Harding  and   Haworth),  T., 
496. 

CjoHjgO     Camphor,  vapour  pressure  of  (Vanstone),  T.,  429;  P.,  47;  absoi-ption 
spectra  of  the  acyl -derivatives  of  (Lowry  and  Southgate),  T..  905  ;  P.,  68  ; 
frt-ezing-point  curve  for  mixtures  of,  and  phenol  (Wood  and  Scott),  T.,  1573  ; 
P.,  194;  mercury  compounds  of,  action  of  halogens  on  (Marsh),  T.,  2410  ;  P., 
297. 
Tanacetone  {0-thujone),  and  its  derivatives  (Thomson),  T.,  1502  ;  P  ,  177. 
C10H16O2    o-l-Methyl-A2-cj/cZohexene-3-propionic    acid    (Harding    and    Ha- 
worth), T.,  497. 
Ethyl  £^-l-methyl-A^-c!/cZohexene-3-carboxylate  (Perkin),  P.,  97. 
Ethyl  l-methyl-A*-c.vcZohexene-3-carboxylate  (Perkin),  T.,  2146. 
Ethyl  dl-,  d;  and  Z-l-methyl-A®-r?/c?ohexene-3-carboxylate  (Perkin),  T., 
2139,2140,2143. 
CioHigOs    Ethyl  dl-  and    rf-methylc?/cZohexan-3-one-4-carboxylates    (Gard- 
ner, Perkin,  and  Watson),  T.,  1767. 
C]oHi604    Camphoric  acid,  Komppa's synthesis  of  (Blanc and  Thorpe),  T.,  836  : 
P.,  83  ;  synthesis  of  (Komppa),  P.,  328;  mono-aryl  esters  of  (Edminson  and 
Hilditch),  T.,  224;  action  of  the  Grignard  reagent  on  esters  of  (Shibata), 
T.,  1239;  P.,  141. 
isoC  amphoric  acid,  action  of  the  Grignard  reagent  on  esters  of  (Shibata),  T.. 

1239;  P.,  141. 
Lactone    of   a-methyl-7-hydroxyisopropyladipic    acid,    as-  and   irans- 
(Perkin),  T.,    2144. 
CjoHigO     Borneol,  vapour  pressure  of  (Vanstone),  T.,  429  ;  P.,  47. 

A^-^-Menthenol(8),  new  method  of  preparation  of  (Perkin  and  Wallace),  T.  . 

1427  ;  P.,  194. 
dZ-A*-M-Menthenol(8)  (Perkin),  T.,  2147. 

dl;  d;  and  Z-A5-m-Menthenol(8)  (Perkin),  T.,  2139,  2141,  2143. 
(^^-Dihydrocarvestrenol  (Perkin),  P.,  97. 
CioHisOs    Ethyl  l-methylCT/c/ohexan-4-ol-3-carboxylate  (Gardner,  Perkin, 

and  Watson),  T.,  1770. 
CioHiflBr    3-Bromo-l:l-dimethyl-3-ethylc?/cZohexane(CROSSLEY  and  Gilling), 

T.,  2222. 
C10H20O     l:l-Dimethyl-3-ethylci/cZohexan-3-ol   (Crossley   and  Gilling),   T., 

2222. 
CioHonOg    Menthane-2:5-diol  (Henderson  and  Sutherland),   T.,  1618;   P., 

203. 
CioH^O^    78-Dimethoxy-)8€-dimethylhexan6-j8e-diol   (Purdie  and   Young), 
T.,  1534;  P.,  198. 

10  III 
CioHgOjN    Substance,   from  triketohydrindene  and    hydrogen    cyanide  (Ruhe- 

MANN),  T.  2029  ;  P.,  2.35. 
CioHtOgCU    ofl-Dichloro-3:4-dichloromethylenedioxy-/5-phenylpropiony 

chloride  (Clarke),  T.,896;  P.,  96. 
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C10H5O5CI    a-Chloro-3:4-carbonyldioxycinnamic  acid    (Clakke),   T.,    897  ; 

P.,  96. 
CioH604Br.2    Dibromoscopoletin  (Moore),  T.,  2229. 
CioHgOsCL    a3-Dichloro-3:4-carbonyldioxy-j3-phenylpropionic      acid 

(Clarke),  T.,  896  ;  P.,  96. 
CioHgOgNo     3:6-Dinitro-7-methylcoumarin  (Clayton),  T.,  1398. 
CioHgNsBP     4-Bromonaphthylene-l-diazo-2-imine    (Morgan   and    Godden), 

T.,  1712. 
C10H7ON    2-Cyano-l-hydrindone  (Mitchell  and  Thorpe),  T.,  2277. 
CioHtO^N     6-Xitro-7-niethylcoumarin  (Clayton),  T.,  1397. 

8-Nltro-7-methylcoumarin  (Clayton),  T.,  1406. 
CioHgONo    Quinoline-3-carboxyamide  (Mills  and  Watson),  T.,  745  ;  P.,    56. 
CioH^NI     4-Iodo-o-naphthylamine  (Morgan  and  Godden),  T.,  1717. 
CioHgOoN     Benzoyl-lactonitrile  (Davis),  T.,  950  ;  P.,  89. 

6-Amino-7-methylcoumarin  (Clayton),  T.,  1352. 
CioHftO-iCU    Methyl  eui/3-trichloro-/3-pheiiylpropionate  (Clarke),  T.,  895: 

P.,  96. 
CioHsOsN.     Substance,  from  guanidine  and  triketohydrindene  (Ruhemann),  T., 

2028  ';  P.,  23.5. 
CioHftOsN     Methyl  ether  of  5-nitrocoumaric  acid,    silver  salt  of  (Clayton), 
T.,'  2108. 
Methyl  ether  of  5-nitroconmarinic  acid,  and  silver  salt  (Clayton),  T.,2107. 
C10H9N2BP    4-Bromo-l:2-naphthylenediamine    (Morgan  and  Godden),    T., 

1710. 
CioHioOsNo    a)-5-Dinitro-2-hydroxy-o-4-dimethyl8tyrene,     and     its     sodium 

ailt  (C1.AYTON),  T.,  1407. 
CioHnOoN    4:5-Dimethoxy-o-toluonitrile  (Luff,  Perkin,  and  Robinson),  T., 
1135  ;  P.,  132. 
Phenolbetaine    of  6:7-dihydroxy-2-niethyl-3:4-dihydroisoquinolinium 
hydroxide  (and  +  HoO  and  liHgO)  (Pyman),  T.,  276. 
CioHnOaN}    Ethyl  phenyltriazoacetate   (Forster  and  Ml'LLIR),    T.,  138; 

P.,  4. 
CioHiiOjN     Malono-o-  and  j7-toluidic  acid,  preparation  of  (ChattaW/VY   and 
Olmsted),  T.,  940. 
6:7-Dihydroxy-l-keto-2-methyltetrahydro('5oquinoline  (Pyman),  T.,  271- 
CioHuOjCl     «-Chloro-ajB-dimethoiyacetophenone    (Tutin),    T.,    2512  ;   P., 
244. 
«-Chloro-7np-dimethoxyacetophenone  (Tutin),  T.,  2610  ;  P.,  244. 
CioHijNsFe     Tetramethyl  ferrocyanide,  derivatives  of  (Hartley),  T.,  1066, 

1725  ;  P.,  90,  210. 
CitHisOjN    a-Cvano-l-inethyl-A*-<^tohei«ne-3-acetic    acid    (Harding    and 
Haworth),'T.,  494. 
Ethyl  a-cyano-A'-cj/c^openteneacetate  (Haroino  and  Haworth),  T.,  489; 

P.,  61. 
Methyl  a-cy  ano-a-A'-ej/c/opentenepropionate  (Harding    and  Haworth), 

T.,  490. 
3:5-Diethyl-;>-benzoquinone  ox ime  (Henderson  and  Boyd),  T.,  1664. 
6:7-Dihydroxy-2-methyltetrahydroi.wquinoliue,    and    its    hydrochloride 
and  picrate  (Ptman),  T.,  275. 
Ci»HuO,Cl    7-Chloro-/3-hydroxy-a-o-   and   ^-tolyloxypropane    (Boyd     and 

Ma  RLE),  T.,  1790;  P.,  208, 
Ci«Ui(OsN    /3-3-Methoxy-4:5-methylenediozyphenylethyUmine,   and    its 
hydrochloride  (Salwat),  T.,  1212. 
Ethyl   a-cyano-)3-ryf/obutylforniyUc«t»te   (Camfbell  and   Thorpe),   T., 
2424. 
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C10H13O3N      )8-5-Hydroxy-3-inethoxyphenylpropionamide    (Salway),    T., 
2417. 
6:7-Dihydroxy-2-methyl-3:4-dihydroisoquinolinium      hydroxide,       its 
chloride,  picrate,  and  sodium  salt  (Pyman),  T.,  276. 

C10H14O2N2      Ethyl     ;3-imino-o-cyano-j8-c2/cZobulylpropionate      (Campbell 
and  Thorpe),  T.,  2424. 

C10H14O4N2    Ethyl  j3-imiuo-o-cyanoglutarate,  constitution  of  (Campbell  and 
Thorpe),  T.,  1299  ;  P.,  176. 
Ethyl  hydrogen  j8-imino-a'-cyano-oo-diniethylglutarate  (Campbell  and 
Thorpe),  T.,  1311. 
C10H15ON    ja-Hydroxyphenylethylethylamine,  and  its  oxalate,  hydi'ochloride 

and  picronoiate  (Walpole),  T.,  948  ;  P.,  88. 
CioH]502N    3:4-DihydroxyphenylethylethyIamine,   and   its   hydiochloride 
(Pyman),  T.,  274. 
Camphorimide,  i\^-alkyl  and  aryl  derivatives  of  (Wootton),  T.,  415. 
d-Camphorimide,   preparation   of,   and  its   derivatives   (Evans),    T.,    2237  ; 
P.,  251. 
CioHiaONg    «-)  and  ^-  Camphorquinonehydrazone  (Foster  and  Zimmerli), 

T.,  2165;  P.,  245. 
C10H16O3S2    Camphor-)8-thiosulphonic  acid,  audits  sodium  salt  (Hilditoh)> 

T.,  1098;  P.,  96. 
C10H16O4S     Camphor-3-sulphonic   acid,  mono-aryl  esters  of  (Edminson    and 
Hilditcu),  T.,  228. 
rf- and  ?- Camphor- j3-sulphonic  acid,  d-  and  /-pa vine  and  metallic  salts  of, 

rotatory  power  of  (Pope  and  Gibson),  T.,  2211  ;  P.,  250. 
(^  and  Z- Camphor-TT-sulphonic  acid,  ammonium  salts  of  (Pope  and  Read), 
T.,  990. 
C10H17ON    Dimethylethylcyc/ohexanoneoxime     (Crossley     and    Gilling), 

T.,  534. 
CioHjtOsN     a-Camphor amic  acid,    alkyl  and  aryl  derivatives  of  (Wooiton), 

T.,  413. 
CjoHipON         3-Ethoxy-l:l-dimethyl-A^-f7/cZohexenylidene-5-propionitrile 
(Crossley  and  Gilling),  T.,  534. 


10  IV 

CioHfl07N4Cr2    Naphthalene-2:7-bisdiazonium   dichromate  (Morgan  and 

Micklethwait),  T.,  2558  ;  P.,  293. 
CioH6N4Cl6Pt    Naphthalene-2:7-bisdiazonium    platinichloride   (Morgan 

and  Micklethwait),  T.,  2558  ;  P.,  293. 
CioH6N4ClgAu     Naphthalene-2:7-bisdiazonium  aurichloride  (Morgan  and 

Micklethwait),  T.,  2558;  P.,  293. 
C10H7ON2CI    2-Chloroquiuoline-3-carboxylamide  (Mills  and  Watson),  T. 

754  ;  P.,  56. 
C10H8O8N4S2    Naphthal6ne-2:7-bisdiazonium  sulphate  (-f^EtOH)  (Morgan 

and  Micklethwait),  T.,  2558  ;  P.,  293. 
CioHi203NAg'    Silver  derivative   of  a-cyano-i8-ci/c/obutylformylacetic   acid 

(Campbell  and  Thorpe),  T.,  2424. 
CjoHuOaNBP    rf-Camphorbromoimide  (Evans),  T.,  2238. 
C10H14O2NI     f?-Camphoriodoimide  (Evans),  T.,  2239. 
CioHi402NNa    £?-Camphorsodioimide  (Evans),  T.,  2241. 
C10H15O4BPS    cZ-Bromocamphorsulphonic  acid,    d-   and  /-narcotine  salts  of 

(Perkin  and  Robinson),  P.,  131. 
<W- and  Z-a-Bromocamphor-TT-Bulphonic    acid,    dl-,    and   tZ-pavine  salts    of 

(Pope  and  Gibson),  T.,  2209. 
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Cii  Group. 

CiiHinOs    Piperonylideneacetone,  isomerides,  action  of  light  on  (Stobbe  and 

Wilson),  T.,  1722;  P.,  206. 
CiiHioOt    6-Carboxy-3:4-dimethoxyphenylglyoxylic    acid,    synthesis     of, 

and  distillation  o'fits  silver  salt  (Hakding  and 'Weizmann),  T.,  1129  ;  P.,  130. 
CnHioOs    -iro-Dimethyl-o-tolylglyoxylic    acid   (Habding  and  Weizmann), 

f.,  1128. 
CuHuOs    Ethvl  /-a-hydroxy-a-phenylpropionate  (McKbnzib  and  Clouoh), 

T.,  2569  ;  P.,  325. 
4:5-Dimethoxy-o-methylacetophenone    (Habding    and  Weizmann),    T., 

1128  ;  P.,  130. 
CjiHiiO^    ;3-3:5-Dimethoxyphenylpropionic  acid  (Salway),  T.,  2417. 
CiiHigOs    Camphorcarboxylic  acid,  absorption  spectra  of,  and  its  derivatives 

(LowRY,  Desch,  and  Sotithgate),  T.,  899  ;  P.,  68. 
CiiHieOs     Ethyl   a-acetylglutaconate  (Simonsex),  T.,  1914. 
Ethyl    c!/cZopentan-l-one-2:5-dicarboxylate     (Mitchell      and     Thorpe), 

T.,  1003. 
ChHisOt    oa-Diacetoacetin  (Alperx  and  Weizmann),  P.,  345. 
CnHisO.    (?-i5oMenthonecarboxylic  acid  (Gahdxek,  Perkin,  and  Watson), 

T.,'l77.0. 
C11H18O4    Methyl  hydrogen  camphorate  (Edminsox  and  Hilditch),  T.,  225. 

Dimethyl  a-thujadicarboxylate  (Thomson),  T.,  1513;  P.,  178. 
CuHixiOs    fZ-isoMentholcarboxylic  acid  (Gardner,    Perkin,  and  Watson), 

T,  1771. 
CuHaoOj    Propyl  /-methoxysuccinate  (PuBDiE  and  Nbave),  T.,  1618. 
CnHiiOs    Ethyl  j8-hydroxy-jj-nonoate  (Harding  and  Weizmann),  T.,  803. 

11  III 
CjiHTOgNj    3:5:8-Trinitro-6:7-dimethylconmarin  (Clayton),  T.,  1399. 
CjiHgOgNs    3:6-Dinitro-4:7-dimethylcoumarin  (Cl.\yton),  T.,  1398, 

5:8-Dinitro-6:7-dimethylcoumarin  (Clayton),  T.,  1399. 
CnHftON    2-Cyano-3-methoxyindene  (Mitchell  and  Thorpe),  T.,  2278. 
CnHAN    6-Nitro-4:7-dimethylcoumarin  (Clayton),  T.,  1398. 

8-Nitro-5:6-dimethylcouniarin  (Clayton),  T.,  1405. 

5-Nitro-6:7-dimethylcoumarin  (Clayton),  T.,  1398. 

8-Nitro-6:7-dimethylcoumarin  (Clayton),  T.,  1405. 
CnHinONo    3-Acctylaminoquinoline  (Mills  and  Watson),  T.,  753  ;  P.,  56. 
CiiHioOsNg    Triketohydrindene  disemicarbazone  (Ruhkmann),  T.,  1448. 
CiiHioO^No    j/i-Nitrobenzoylwobutyronitrile  (Davis),  T.,  951. 
CiiHnOoN    6-Amino-4:7-dimethylcoumarin  (Clayton),  T.,  1352. 

5-Amino-6:7-dimethylcouniarin  (Clayton),  T.,  1858. 

Beuzoyloxywobutyronitrile  (Davis),  T.,  951  ;  P.,  90. 
C,iH„OjN    Methyl  ether  of  methyl  5-nitrocoumarate  (Clayton),  T.,  2108. 

Methyl  ether  of  methyl  5-nitrocoumariiiate  (Clayton),  T.,  2107. 

Ethyl  ether  of  5-nitrocoumaric  acid,  and  silver  salt  (Cl^vyton),  T.,  2109. 

Ethyl  ether  of  5-nitrocoumariiiic  acid,  and  silver  salt  (Clayton),  T.,  2107. 
CuHuOtN     Oxime     of     6carboxy-3:4-dimethoxyphenylglyoxylic     acid 

(Hardi.ng  and  Weizmann),  T.,  1130. 
CiiHijOaNj    5:8-Diamino-6:7diniethylcoumarin  (C1.AYTON),  T.,  1364. 
CnHijON,    2-Methyl-l-hydrindonc  semicarbazone  (Mitchell  and  Thorpb), 

T.,  2275. 
CnHnOgN        Phenolbetaine       of      6:7-dihy  droxy-2-ethyl-3:4-dihydrowo- 
(^uinolinium  hydroxide  (Pyman),  T.,  280. 

2695 


mil— HIV  FORMULA   INDEX 

CnHisOsN     7  (or6)-Hydroxy-l-keto-6(or7)-methoxy-2-methyltetrahydro- 
isoqu incline,  and  its  sodium  salt  (Pyjian),  T.,  271. 

6:7-Dihydroxy-l-keto-2-ethyltetrahydroisoquinoline  (Pyman),  T.,  274. 

C11H13O4N    5-3-Methoxy-4:5-methylenedioxyphenylpropionamide  (Sal- 
way),  T.,  1211. 

CnHi404N2    Ethyl      y3-imino-a-cyano-l-carboxy-i3-«/cZobutyl-l-propionate, 

o-  and  /3-forms  of  (Campbell  and  Thorpe),  T.,  2422. 
CiiHigON    Cyanocarone  (Clarke  and  Lapworth),  T.,  11. 

Substance,    from  ^^toluidine   and  acetaldehyde,  o- and  /3-  forms  (Jones  and 

White),  T.,  643  ;  absorption  spectra  of  (Purvis),  T.,  646. 

CiiHigONs    Camphane-oxytriazine  (Foster  and  Zimmerli),  T.,  2176. 

CiiHir.OaN    Acetyl-p-hydroxyphenylethylmethylamine    (Walpole),    T., 
943. 

CnHisOgN    Acetyl  derivative  of  4:5-dimethoxy-o-toluidine  (Luff,  Perkin, 
and  Robinson),  T.,  1135  ;  P.,  132. 
/3-3:5-Dimethoxyphenylpropionamide  (Salway),  T.,  2417. 

6:7-Dihydroxy-2-ethyl-3:4-dihydroisoquinolinium  hydroxide,  its  chlor- 
ide and  picrate  (Pyman),  T.,  280. 

CiiHir.OsN..      5-Nitro-2-acetylamino-dimethyl-7j-toluidine     (Morgan     and 
Clayton),  T.,  2650  ;  P.,  323. 

CuH]r,02N2    o-Formylcamphorquinonehydrazone  (Foster  and  Zimmerli), 

T.,  2168. 
Pilocarpine,  constitution  of  (Pyman),  T.,  1814  ;  P.,  211. 
CiiHi^ONs    2-Acetyl-2:5-diaminodimethyl-^-toluidine  (Morgan  and  Clay- 
ton), T.,  2651  ;  P.,  323. 
CijHjvOqN     3:4-Dihydroxyphenylethylpropylamine,  and  its  hydrochloride 

(Pyman),  T.,  275. 
Camphorcarboxyamide  (Glover  and  Lowry),  P.,  162. 
d-Camphormethylimide,  preparation  of  (Evans),  T.,  2239. 
Substance,  from   action  of  sodium  hydroxide  on  cyanocarone  (Clarke  and 

Lapworth),  T.,  15. 
CnHnOgNs     Camphorquinone    a-    and     )3-semicarbazone     (Forster     and 

Zimmerli),  T.,  2173  ;  P.  246. 
CnHi704N    Ethyl    2-iminoci/cfopentane-l:3-dicarboxylate   (Mitchell    and 

Thorpe),  T.,  1002  ;  P.,  114. 
CiiHisOsSo    Camphoryl     methyl-/8-disulphoxide     (Hilditoh),     T.,    1098  ; 

P., '96. 
CnHi804S     Methyl   camphor-j8-sulphonate  (Edminson   and    Hilditch),  T., 

226. 
C11H00O4N2    f^-Camphor-;7-nitrobenzylimide  (Evans),  T.  2241. 
CnH2203N2    a-Amino-7i-nonoylglycine  (Hopwood  and  Weizmann),  P.,  70. 


11  IV 

diHioOsNCls    Ethyl      2  :  4  :6- trichloromalonanilate     (Chattaway     and 

Mason),  T.,  343. 
CiiHinOsNBPa    Ethyl  2:4:6-tribromomalonanilate  (Chattaway  and  Mason), 

T.,  345. 
CnHn03NCl2    Ethyl   2:4-dichloromalonanilate   (Chattaway  and  Mason), 

T.,  342. 
CwHhOsNBp.,    Ethyl  2:4-dibromomalonanilate  (Chattaway  and  Mason), 

T.,  344.  " 
CiiHjiO,NBPg  Methyl  a)3-dibromo-5-nitro-2-methoxy-j8-phenylpropionate 

(Clayton),  T.,  2110. 
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CaHioOsNCl    Ethyl   p-chloromalonanilate   (Chattaway  and   Mason),   T., 

341. 
C11H12O3NBF    Ethyl  ^-bromomalonanilate  (Chattaway  and  Mason),   T., 

344. 
CuHiANCl    7  (or  6)-Hydroxy-6    (or    7)-methoxy-2-methyl-3:4-dihydroiso- 

quinolinium  chloride  (Pymax),  T.,  278. 
CiiHuOpNI     7  (or  6)-Hydroxy-6     (or     7)-methoxy-2-methyl-3:4-dihydroiso- 

quinolinium  iodide  (Pymax),  T.,  278. 
CuHigOoNBP     Camphorcarboxybromoamide  (Glovek  aud  Lowky),  P.,  163. 
CuHigOoNCl  3:4-Dihydroxy-i3-phenylethyItrimethylammonium  chloride 

(Bargee  and  Ewiy.s),  T.,  2258. 

CuHajOsNBP    o-B^omo-7^-nonoylglycine  (Hopwood  and  Weizmann),  P.,  69. 


Cio  Group. 

CioH»I   lodoacenaphthene,  and  its  picrate  (Cromptox  and  Harbison),  P.,  226. 
C12HJ2O3    5-Hydroxy-4:6:8-trimethylcoumariu  (Clayton),  T.,  1403. 
Ethyl  l-hydrindone-2-carboxylate   (Mitchell  and   Thorpe),   T.,   2273  ; 

P.,  249. 
CioHuOj    Hydroxydiacetyldimethoxybenzene    (Tutin    and    Caton),    T., 

2065;  P.,  223. 
CjoHuOe    Ethyl   6-methyl-2-pyrone-3:5-dicaiboxylate,    conversion   of,   into 

methyltrimesic  acid  (Simonsen),  T.,  1910;  P.,  200. 
CioHieOs    2:3:4-Trimethoxy-i3-phenylpropionic  acid  (Barger  and  Ewins), 

T.,  2259. 
CxoHigOs    d-woMenthonedicarboxylic    acid  (Gardner,  Perkin,   and  Wat- 
son), T.,  1772. 
Ci2Hao04     Ethyl  hydrogen  camphorate  (Edminson  and  Hilditch),  T.,  225. 

Dimethyl-Z-isocamphorate  (Shibata),  T.,  1245. 
CioHosOfi    Trimethylfructosemonoacetone    (Irvine     and    Garrett),     T., 

1283. 
C10H34O.2     Laurie    acid,    condensation   products   of,    with  glycine,   alanine,  and 

leucine  (Hopwoon  and  Weizmann),  P.,  69. 

12  III 
CijHgOS.^    Monoxide  of  diphenylene  /j-disulphide  (Hilditch),  T.,  2586. 
CjoHmOqSo    Diphenylene  p-disulphoxide  (Hilditch),  T.,  2585. 
Ci2Hg04S>    Substance,  from  oxidation  of  diphenylene  j>-disnlphoxide  (  +  2H..0) 

(Hilditch),  T.,  2588. 
CioHjOgNj    3:5:8-Trinitro-4:6:7-trimethylooumarin  (Clayton),  T.,  1399. 

3:5:7-Trinitro-4:6:8-trimethylcoumarin  (Clayton),  T.,  1400. 
CioHjiOsNs    Substance,  from  o-  and   m-nitroanilines  and  trinitrobenzene  (8ud- 

no HOUGH  and  Beard),  T.,  783. 
Ci'iHaN4CI     Benzeneazobenzenediazonium  chloride  (Hewitt  and  Thole), 

T.,  514  ;  P.,  54. 

CjoHioOsNo    Substance,  from  ethyl  l-iminohydrindene-2-carboxylate  and  nitrons 

acid  (Mitchell  and  Thorpe),  T.,  2272. 
CjoHioOgNs    5-7-Dinitro-4:6:8-trimethylcoumariu  (Clayton),  T.,  1400. 
CjiHjiOjK     Potassium   comiwnnd    of   ethyl    l-hydrindrone-2-carboxylate 

(Mitchell  aud  Thorpe),  T.,  2273. 
C12H11O4N    6-Nitro-3:4:7-trimethylcoumttrin  (Clapton),  T.,  1358. 
8-Nitro-4:6:7-trimethylcoumarin  (Clayton),  T.,  1399. 
5-Nitro-4:6:8-trimethylcoumarin  (Clayton),  T.,  1400. 
7-Nitro-5:6:8-tiimethylcouraarin  (CLArroN),  T.,   1400. 
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CioHioOsNo    5 (or  8)-Nitro-6:7-dimethoxy-2-methyl-l:2-diliydroisoquii]oiine 

(Pyman),  T.,  270. 
C12H13O2N     6-Amino-3:4:7-trimethylcoumarin  (Clayi'ON),  T.,  1354. 
6-Amino-4:6:7-trimethylcoumarin  (Clayton),  T.,  1353. 
5-Amino-4i6:8-trimethylcoumarin  (Clayton),  T.,  1403. 
7-Amino-5:6:8-trimethylcouinarin  (Clayton),  T.,  1353. 
Ethyl    l-iminohydrindene-2-carboxylate    (Mitchell  and  Thorpe),   T., 
2271  ;  P.,  249. 
CioHisOgN    Methyl  ether  of  ethyl  5-nitrocoumarate  (Clayton),  T.,  2108. 
Ethyl  ether  of  methyl  5-nitrocoumarate  (Clayton),  T.,  2109. 
Methyl  ether  of  ethyl  5-nitrocoumarinate  (Clayton),  T.,  2108. 
Ethyl  ether  of  methyl  5-nitrocoumarinate  (Clayton),  T.,  2108. 
C12H14O2N.2    5:7-Diamino-4:6:8-trimethylcoumarin  (Clayton),  T.,  1354. 
C12H13O3N     3-Methoxy-l:l-dimethyl-A*-c7/c^ohexenylidene-  5  -  cyanoacetic 
acid  (Crossley  and  Gilling),  T.,  530. 
6:7-Dihydroxy-l-keto-2-propyltetrahydro2Soquinoline  (Pyman),  T.,  275. 
C10H15O4N     Cotarnine,  synthesis  of,  and  its  aurichloride  and  picrate  (Salway), 
t.,  1208  ;  P.,  98,  138. 
HCoCotarnine,  and  its  hydrochloride  (fliHgO),  picrate  and  aurichloride  (Sal- 
way),  T.,  1217. 
C12H15NS    Thiobenzoylpiperidine  (Russell),  T.,  955. 
CijHieOgNo    Nitroso-  derivatives  of  ethylidenexylidine  (Jones  and  White), 

T.,  642. 
C12H17ON    o-and  j3-Ethylidenexylidine  (Jones  and  White),  T.,  639  ;  absorp- 
tion spectra  of  (Purvis),  T.,  647. 
3-Ethoxy-l:l-dimethyl-A^-C7/cfohexenylidene-5-acetonitrile      (Crossley 
and  Gilling),  T.,  531. 
Ci2H]702N     Acetyl-^-methoxyphenylethylmethylamine    (Walpole),    T., 
943. 
Ethyl        a-cyano-l-methyl-A2-c?/c^hexene-3-acetate         (Harding        and 

Haworth),  T.,  494. 
Methyl    a-cyano-a-l-methyl-A"-c?/c^hexene-2-propionate   (Harding  and 
Haworth),  T.,  496. 
Ci2Hn05N     Mannoseanilide  (Irvine  and  McNicoll),  T,,  1453. 
C12H18ON2    Oxime  of  ethylidenexylidine  (Jones  and  White),  T.,  640. 
C12H18ON4    Cyanocaronesemicarbazide  (Clarke  and  Lapworth),  T.,  14. 
C]oHis02No     o-     and    )8-AcetyIcamphorquinonehydrazone     (Forster    and 

ZiMMERLl),   T.,  2168. 
C10H18O4N2    Ethyl  3-iniino-a'-cyano-oa'-dimethylglutarate,  o-  and  3-forms 
of  (Campbell  and  Thorpe),  T.,  1309;  P.,  176, 
2:3:4-Trimethoxy-)3-phenylpropionylhydrazide,  hydrochloride  of  (Bargeii 
and  EwiNs),  T.,  2260. 
C12H19O2N    fZ-Caraphorethylimide  (Evans),  T.,  2240. 
C12H20O4S    Ethyl  caniphor-j8-sulphonate  (Edminson  and  Hilditch),  T.,  226. 
C10H21O3N     Ethyl  a-camphoramic  acid  (Wootton),  T.,  413. 

12  IV 

C12H5NCI4S    Tetrachlorothiodipheuylamine  (Page  and  Smiles),  T.,  1118,j 
Trichlorophenazothiouiura     chloride    (-t-H„0)    (Brady    and    Smiles) 

1565. 
C]2H906N4BP4    Substance,    from    2:3:4:6-tetrabromoaniline  and  trinitrobenzen< 

(SuDBOROUGH  and  Beard),  T.,  782.  < 

Ci2H706N4Cl;i     SubHtancp,    from    s-trichloroanilinc    and    trinitrobenzene    (SuD^ 

noRoroH  and  Ueaud),  T.,  781. 
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Ci2H:06N4BPj     Substance,  from  2:4:6-tribromoaniline  and  trinitrobenzene  (SuD- 

BOKOUGH  and  Beard),  T.,  782. 
CiaHsONsBP    4-Bromo-2-acetylnaphthylene-l-diazo-2-imide   (Morgan"  and 

GoDDEx),  T.,  1713. 
CioHgOaCloS    ;)-Chlorophenol  sulphide  (Gazdar  and  Smiles),  T.,  2252. 
C10H8O3CI2S    0-  and  |)-Chlorophenol  sulphoxide  (Gazdar  and  Smiles),  T. 

2251. 
Ci2Hs06N4Cl2    Substance,    from    2:4-dichloroaniline  and  trinitrobenzene    (Sttd- 

BOROUGH  and  Beard),  T.,  781. 
Ci2HaOi;N4BP2    Substance,  from  2:4- and  2:6-dibromoaniline  and  trinitrobenzene 

(SuDBOROUGH  and  Beard),  T.,  782. 
Ci2HsNBfS     Bromothiodiphenylamine  (Page  and  Smiles),  T.,  1118. 
CioHgONS     Phenazothionium   hydroxide,  intramolecular    rearrangement    ot 

the  halides  of  (Page  and  Smiles),  T.,  1112  ;  P.,  133. 
C10H9O3N3S     l-Phenyl-l:2:3-benzotriazole-5-8ulphonic      acid      (Schwalbe 

and  Wolff),  P.,  340. 
CioHgOsNSo    Carbazoledisulphonic  acid  (Schwalbe  and  Wolff),  P.,  340. 
CJ2H9O5N4CI     Substance,   from  0-,  m-   and  />-chloroaniline   and   trinitrobenzene 

(SuDBORorGH  and  Beard),  T.,  781. 
Ci2H90gN4BP     Substance,  from  0-,  m-  and  p-bromoaniline  and  trinitrobenzene 

(Sudborough  and  Beard),  T.,  781. 
CisHioOgNjS:)    Arainocarbazoledisulphonic   acid   (Schwalbe  and  Wolff), 

P.,  340.' 
CiaHn04N3S2    Carbazoledisulphonamide  (Schwalbe  and  Wolff),  P.,  340. 
C10H13O5NBP0    Methyl    a;3-dibromo-5-nitro-2-ethoxy-/3-phenyl propionate 

(Clayton),  T.,  2110. 
CjjHigNgClzFe     Hexamethylferrocyanogen  chloride  (Hartley),  T.,  1729. 

12  V 

CisHsONCIfS    Tetrachlorodiphenylamine      o-sulphoxide      (Brady      and 
Smiles),  T.,  1560. 
Tetrachlorophenazothionium  hydroxide  (  +  H3O)  (Brady  and  Smiles), 
T.,  1562. 

C12H4ONCI3S  Trichlorodiphenylamine  o-sulphoxide,  and  its  hydro- 
chloride (Brady  and  SMILE.S),  T.,  1564. 

CisHdOsNjClS  Chlorodinitrodiphenylamine  snlphoxide  (Page  and 
Smiles),  T.,  1116. 

CisHsOtNjCI^  p-Chloronitrophenol  sulphoxide  (Gazdak  and  Smilks),  T., 
2252. 

C,'>H704NCL>So    Carbazoledisnlphonyl   chloride  (Schwalbe  and  Wolff), 

P.,  340." 
C,2H]i;04NtSFe    Hexamethylferrocyanogen    sulphate    (  +  EtOH)    (Hart 

LEY),  T.,  1729. 
CnHigNgCLtFePt    Platinichloride     of     substance,     from    potassium    ferro- 

cyanide  and  methyl  sulphate  (Hartley),  T.,  1072,  1725. 
Ci2H2oOi|N«S2F6    Substance,  from  pota-ssium  ferrocyanide  and  methyl  sulphate 

(Hartley),  T.,  1070,  1725. 

Ci3  Group. 

CisHjoOs  Substance,  from  the  condensation  of  ryc/obutan-hS-dione  in  the 
presence  of  quinoline  (Chick  and  WilsmoRE),  T.,  1998  ;  P.,  217. 

CijHiiNn  ;7-Triazobenzaldehydephenylhydrazone  (Fobster  and  .Iudd), 
T.    260. 

2(399 
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C13H12O3    2:4-Dihydroxybenzhydrol,   and     its    potassium    salt    (Pope    and 
Howard),  T.,  80. 

Ci3Hi40o    6:7-Diraetlioxy-l-methylnaphthalene  (Luff,  Perkin,  and  Robin- 
son), T.,  1140;  P.,  133. 

C13H14O3    Ethyl  2-methyl-l-bydrindone-2-carboxylate      (Mitchell      and 
Thorpe),  T.,  2274. 

C13H14O6     Methyl  methyltrimesate  (Simonsen),  T.,  1915. 

C13H22O2    Diethylrtpocampholide  (Shibata),  T.,  1242. 

Ci3H«04    M-Propyl   hydrogen   camphorate   (Edminson  and  Hilditch),  T., 
225. 
Diethyl  a-thujadicarboxylate  (Thomson),  T.,  1514;  P.,  178. 

13  III 

CrHsOS    Thioxanthone,  new  syntheses  of  (Davis  and  Smiles),  T.,  1296;  P., 

93,  174;  (Smiles),  P.,  342. 
CijHsOsS    Hydroxythioxanthone   (  +  iH.jO)   (Davis  and  Smiles),  T,,  1297; 

P.,  174. 
Ci-HioON4    ^-Triazobenzylidene-^-aminophenol    (Forster  and  Judd),   T., 

260;  P.,  28. 
C13H10O2S     Dip henyl methane   o-sulphoxide,   intramolecular   rearrangements 

of  (Hilditch  and  Smiles),  P.,  174. 
C13H10O8N4    Substance,   from  0-   and  ^-amlnobenzoic   acid   and   trinitrobenzene 

(Sudborough  and  Beard),  T.,  786. 
CrHi202N.2    Ethyl  a-o-dicyauo-j3-phenvlpropiouate  (Mitchell  and  Thorpe), 

T.,  2275. 
C13H12O7N4    Substance,    from    0-    and   ^y-anisidine    and    trinitrobenzene    (Sud- 
borough and  Beard),  T.,  785. 
C13H12NI    -^-Methyldiphenylamine  hydriodide,  mercuri-iodide  of  (Barnett 

and  Smiles),  T.,  984. 
C13H12N2S2    Immedial-indone,  constitution  of  (Frank),  T.,  2014;  P.,  218. 
CisHuOgNg    Substance,  from  triaminotoluene  and  triniti'obenzene  (Sudborough 

and  Beard),  T.,  787. 
C13H15O0N    o-Benzoyloxyisohexonitrile  (Davis),  T.,  951  ;  P.,  89. 
C13H16O3N3    Semicarbazone        of        ethyl       l-hydrindone-2-carboxylatc 

(Mitchell  and  Thorpe),  T.,  2274. 
C13H15O4N3    Ethyl  phenyltriazomalonate  (Forster  and  Muller),  T.,  135: 

P.,  4. 
CrjHioOsN    Ethyl  ether  of  ethyl  5-nitrocoumarinate  (Clayton),  T.  2107. 
C13H16O6N2     Ethyl     4-cyano-2-keto-4-carbethoxytetrahydropyrrolidene- 

5-a-pr"opionate  (Campbell  and  Thorpe),  T.,  1314. 
CisHnO.iN-j    Acetyl    derivative     of    camphane-oxytriazine     (Forster    and 

ZlM-MERLl),   T.,   2177. 
C13H17O3N  3-Ethoxy-l:l-dimethyl-A^-ct/c^hexenylidene-5-cyanoacetic, 

acid  (Crossley  and  Gilling),  T.,  531. 
Ethyl       3-hydroxy-l:l-dimethyl-A^-c^cZohexenylidene-5-cyauoacetate, 

and  its  silver  salt  (Cp.oshley  and  Gilling),  T.,  527. 
Ci:)Hi704N3     Ethyl  2-imino-4-cyano-4-carbethoxytetrahydropyrrolidene- 

5-a-propionate  (Campbell  and  Thorpe),  T.,  1313. 
C13H1SO4N2     Ethyl     /3-imino-a-cyano-l-carbethoxy-j8-cyciobutyl-l-propion- 

ate  (Campbell  and  Thorpe),  T.,  2422. 
Ci-HigON     a-  and  )3-isomeride,   from  <^-curaidine  and  acetaldebyde  (Jones  and 

White),  T.,  643. 
C]3Hi90<,N    Gynocardin,  and  its  sodium  salt  (MooiiE  and  TUTIN),  T.,  1285  ;  P., 

182. 
C11H21O2N    Camphoi-/i-propylimide  (Wootton),  T.,  415. 
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CigHoiOsN     Allyl-a-camphoramic  acid  (WooTTOX),  T.,  413. 
CjsHosOsN     /i-Propyl-o-camphoramic  acid  (WooTTOx),  T.,  413. 

13  IV 
CisHoOsN-S    Dinitio-3'-methylphenazothionium  hydrate   (Bakxett  and 

Smiles),  T.,  191. 
C13H9O8N4K    Substance,  from  potassium   0-,  m-,   and  p-aminobenzoate  and  tri- 

nitrobenzene  (Sudbokough  and  Beakd),  T.,  786. 
C13H10O4N6S2    Methanedisulphonylbis-^-phenylenediazoimide  (Morgan, 

PiCKAED,  and  Micklethwait),  T.,  60. 
C13H10NCIS     Chloro-X-metliylthiodipheEylamine  (Page  and  Smiles),   T., 

1116. 
CisHuONS      jV-Methyldiphenvlamine       o-sulphoxide      (Bakxett       and 

Smiles),  T.,  188. 
^V-Methylphenazothionium,  platinichloride  of  (Barxett  and  Smiles),  T., 

189. 
CisHnOoNsS    Toluene-«-3ulphonyl-^-phenylenediazoimide  (Morgax    and 

Pickakd),  T.,  57. 
Ci3Hi204NoS     Toluene-w-sulphonyl-^-nitroaniline  (Morgax  and  Pickard), 

T.,  56" 
C]3Hi-208N4S.2    Methanedisnlphonylbis-;;-nitroaniline   (Morgax,  Pickard, 

ami  Micklethwait),  T.,  58. 
Ci;(Hi20ioN8So    Methaiiedisulphonylbis-^j-aminobenzenediazoniiim  nitr- 
ate (MoKGAX,  Pickard,  and  Micklethwait),  T.,  58. 
C13H10NIS     5-Methyldiphenvlamine-o-sulphonium  iodide,   mercuri-iodide 

of  (Bakxett  and  Smiles),'!.,  983. 
C13H13ONS     ^'-Methylphenazothionium     hydroxide,      hydrochloride     and 

platiuichloride  ot  (Bakxett  and  Smiles),  T.,  986. 
Ci3Hi402N.2S    Toluene-<w-sulphonyl-2>-phenylenediamine      (Morgax      and 

Pickard),  T.,  56. 
CisHijOsNaAg    Silver    compound    of    ethyl     4-cyano-2-keto-4-carbethoxy- 

tetrahvdropvrrolideue-5-a-propiouate    (C.vmpbell   and    Thorpe),    T., 

1314. 
CisHi^OjNjK     Potassium  compound  of  ethj'l  4-cyano-2-keto-4-carbethoxy- 

tctrahydropyrrolidene-5-a-propionate    (Campbell   and  Thorpe),    T., 

1314. 
CisHiaO^N^Ss    Methanedisulphonylbis-jD-phenylenediamine       (Morgax, 

Pickard,  and  Mick lbth wait),  T.,  58. 

13  V 

C15H.O5N3CIS    Chlorodinitro-iN'-methyldiphenylanaine         o-sulphoxide 

(Paue  and  Smile.s),  T.,  1117. 
C13H1.2O4N8CI2S2  Me  thanedisul  phony  lbi8-/>-aminobenzenediazouium 

chloride  (Morgax,  Pickard,  and  Micklethwait),  T.,  58. 


Ci4  Group. 

C,4H„5    Tetramethylnaphthalene,     absor|)tiou    spectrum     of    (Homkr    and 
Purvis),  T.,  280;  P.,  5. 

14  II 

CuHrjClg    3:4:3':4'-Tetrachlorotolane  tetrachloride  (Kbxxeb  and  Witham), 

T.,  1964. 
C,4Hg02    Phenanthraquinone,  condensations  of,  withethyl  malouate  and  ethyl 

acetoacetote  (RicHARD.s),  T.,  1466  ;  P.,  195. 
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CuHsClz    4:4'-Diclilorotolaue  (Kexner  and  Witham),  T.,  1965  ;  P.,  219. 
CuHgCU    cis-     and     trans-i-A'-Dichlorotolaiie     dichloride    (Kenxer     and 

Witham),  T.,  1964;  P.,  219. 
Cj^sClg    4:4'-Dichlorotolane    tetrachloride  (Kenner  and  iWitham),   T., 

1963;  P.,  219. 
CJ4H12O2    Benzoin,  substituted  indoles  from  (Richards),  T.,  977  ;  P.,  92. 

^Benzoin,  optically  active  glycols    from  (McKenzie  and  Wren).  T.,  473  ; 

P.,  54. 
CuHigOg    Sub'stance,  from  red  clover  flowers  (Power  and  Salway),  T.,  243  ; 

P.,  20. 
C14H14O1    2:4-Dihydroxy-4'-methoxybenzhydrol,    and   its   dipotassium  salt 

(Pope  and  Howard),  T.,  972;  P.,  88. 

C^HuOs    Methyl  mellophanate  (Bamford  and  Simonsen),  T.,  1909. 

C14H14S2    Benzyl  disulphide  (Smythe  and  Fokster),  T.,  1196. 

C14H14S3     Benzyl  trisulphide,  and  its  additive  compound  with  silver   nitrate 

(Smythe  and  Forstek),  T.,  1196  ;  P.,  135. 
C14H14S4    Benzyl  tetrasulphide  (Smythe  and  Forsteb),  T.,  1198;  P.,  136, 
Ci4Hir,N    o-Phenyl-Ai-cycZohexene-l-acetonitrile  (Harding  and  Haworth), 

T.,  497. 
CuHjgOs    Piperonylidenepinacoline  (Boon  and  Wilson),  T.,  1753  ;  P.,  208. 
CuHigOe     Acetoxydiacetyldimethoxybenzene     (Tutin    and    Caton),    T., 

2066. 

C14H20O5    Ethyl      2:3:4-trimethoxv-;8-phenylpropionate      (Barger      and 
EwiNs),  T.,  2259. 

C14H02O     l:4'-Dimethyl-3-c?/cfohexylidenec?/cZohexan-4-one  (Luff  and    Par- 
kin), T.,  2155. 

C14H24O2    Diethylcampholide  (Shibata),  T.,  1241. 

C14H24O3      Methyl  l:2:3-trimethyl-3-isobutyrylcyc?opentane-l-carboxylate 
(Shibata),  T.,  1244  ;  P.,  142. 

C14H24O4    «-Butyl  hydrogen   camphorate  (Edminson  and    Hilditch),  .T., 
226. 

Ci4H240fi    Ethyl  pentane-a35-tricarboxylate  (Hope  and  Perkin),  P.,  178. 
Ethyl  «5opentane-a)3S-tricarboxylate  (Hope  and" Perkin),  P.,  179. 


14  III 

C14H6O2CI2    l:4-Dichloroanthraquinone  (Walsh  and  Weizmann),  T.,  687; 

P.,  61. 
C14H8O2CI2    4:4'-Dichlorobenzil  (Kennrr  and  Witham),  T.,  1967. 
C14H9O2N     2-Pheny]-l:3-benzoxazine-4-one  (Titherley),  T.,  200  ;  P.,  9, 
CuHjoOS    Methylthioxanthone  (Davis  and  Smiles),  T.,  1297  ;  P.,  174. 
C14H10O2N4    Benzoyl   derivative  of  ^-triazobenz-a?i<i-aldoxime  (Forster  and 

Judd),  T.,  259. 
C14H10O2S     Methoxythioxanthone  (Davis  and  Smile-<),  T.,  1297  ;  P.,  174. 
C)4Hio06S2     Di-0-carboxyphenyl  disulphoxide  (Hii.ditch),  T.,  2591. 
C)4Hn02N    Dibenzamide,  action  of  phosphorus  pentachloride  on  (Titherley 

and  Worrall),  T.,  839;  P.,  93. 
C14H12O2S2     Ditolylene  ^;-disulphoxide  (Hilditch),  T.,  2591. 
Ci4H]207N4     Substance,   from   ^>-aminoacctophenone    and    trinitrobenzene  (SuD- 

borovgh  and  Beard),  T.,  786. 
CUH12O8N4    Substance,  from  methyl  0-  and  ^-aminobenzoate  and  trinitrobenzene 

(SuDBOROUGH  and  Beard),  T.,  785. 
C]4H,2N8Bp    Triazoacetophenonebromophenylhydrazone    (Forster    and 

MiJLLER),  T.,  141. 

2702 


FORMULA   INDEX.  14  III— 14  IV 

CuHisOsNj    0-,    ill;   and   ^-Nitrobeuzeueazophenetole    (Baly,    Tuck,    and 

Mabsdex),  T.,  15(Ji. 
2-Nitro-4'-acetylbenzidine  (Caix  and  May),  T.,  725. 
Phenylhydrazone  of  5-nitro-4-niethylsalicylaldehyde   (Clayton),   T., 

1407. 
CuHuOoS    p-Ciesol  sulphide  (Gazdar  and  Smiles),  T.,  2250. 
C14H14O3S    iJ-Cresol  7?i-sulphoxide  (Gazdar  and  Smiles),  T.,  2248. 
CuHnOsNo    Substance,  from  ethyl  l-cyanoc?/cfcpropane-l-carboxylate  (Mitchell 

and  TkoRPE),  T.,  1001. 
C14H1.3O3N    Ethyl  o-cyano-a-benzylacetoacetate  (Mitchell  and   Thorpe), 

T.,  2278. 
CuHisOsBr    Piperonylidenepinacoline  monobromide  (Boon  and  Wilson), 

T.,  1753;  P.,  208. 
CuHisOsBPo    Piperonylidenepinacoline  dibromide  (Boon  and  Wilson),  T., 

1754  ;  P.,  208. 
C14H17O3N    Oxime  of   piperonylidenepinacoline  (Boon  and  Wilson),  T., 

1756  ;  P.,  208. 
CuHnOsNs    Semicarbazone      of      ethyl     2-methyl-l-hydrindone-2-carb- 

oxylate  (Mitchell  and  Thorpe),  T.,  2275. 
CuHjgOsNo    Ethyl  4-cyano-2-keto-4-carbethoxy-l-methyItetrahydro- 

pyrrolidene-5-a-propionate  (Campbell  and  Thorpe),  T.,  1315. 
CJ4H19O3N    Ethyl    3-methoxy-l:l-dimethyl-A^-C7/c/ohexenylidene-5-eyano- 

acetate,  two  stereoisomides  (Crossley  and  Gilling),  T.,  528. 
CiiH-^jON    Oxime  of  l:4'-dimethyl-3-c*/cZohexylidene<;yf^hexan-4-one  (Luff 

and  Perkin),  T.,  2156. 
CuHiiOoN    Camphor-7t-butylimide  (Wootton),  T.,  415. 
CuH.mOsSt    Camphoryl     ;t-butyl-i3-disulphoxide     (Hilditch),     T,,     1098 

i'.,  96. 
CuHo^OoN    Carpaine,  constitution  of  (Barger),  T.,  466  ;  P.,  53. 
CnHo-.OsN    /i-Butyl-a-camphoramic  acid  (Wootton),  T.,  413. 
Ci4Ho70:iN    Carpamic  acid,  and  its  hydrochloride  (Barger),  T.,  469  ;  P.    53. 

14  IV 

C14H5O4NCI.J    l:4-Dichloro-5-nitroanthraquinone  (Walsh  and  Weizmann), 

T.,  687. 
CuHeOsCliS     l:4-Dichloroanthraqainone-6-8alphonic  acid,  sodium  salt  of 

(Walsh  and  Weizmann),  T.,  688, 
CJ4H7O0NCL    l:4-Dichloro-5-aminoanthraquinone  (Walsh  and  Weizmann), 

T.,  687.' 
ChHrOoNCI    6-Chloro-2-phenyl-l:3-benzoxazine-4-oue      (Titherley       and 

Highes),  T.,  1376;  P.,  175. 
ChHhO.NBp    6-Bromo-2-phenyl-l:3-benzoxazine-4-one(HuGHES  and  Tither- 

LEY),   P.,  344. 

C,4Hi,iONCl    a-Chloro-A'-benzoylbenzimide,  preparation  of,  from  dibenzamide 

(Titherley  and  Worrall),  T.,  840  ;  P.,  98. 
CuHioOoNCl    s//7i-Benzylidene-5-chlurosalicylamide        (TiTHEBLEY        and 

Hughes),  T.,  1376  ;   P.,  175. 
6-Chloro-2-phenyldihydro-l:3-benzoxazine-4-ouc         (TiTHEBLEY        and 

Hughes),  T.,  1374  ;   P.,  175. 

C^HioOoNBr    sy'^-Benzylidene-S-bromosalicylamide  (Hughes  and  Tither- 
ley), P.,  344. 

6-Bromo-2-pheuyldihydro-l:8-beDzoxasiQe-4-OQe  (Huohes  and  Tither- 
ley), P.,  344. 

CitHinOsNCl     0-    and    A''-Bcnzoyl-5-chloro8alicylamide    (Titherley    and 
Hughfj),  T.,  1380  ;    P.,  175. 
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C^HioOaNBr  O-Benzoyl-5-bromosalicylamide  (Hughes  and  Titherley), 
P.,  344. 

J\r-Benzoyl-5-bromo8alicylamide  (Hughes  and  Titherley),  P.,  344. 
Ci4Hn09NS2    Dicarboxybenzenesulphohydroximic      acid      (Davis     and 
Smiles),  T.,  1295. 

C14H12ONCI    Diphenylchloroacetamide  (Clarke),  T.,  429. 

C14H12ON0CI2  2:2'  and  3:3'-Dichloroacetylbenzidine  (Cain  and  May),  T., 
723. 

C14H12O6N0S    Nitro-^-cresol  sulphide  (Gazdar  and  Smiles),  T.,  2251. 
C14H12O7N2S    Nitro-j5-cresol  sulphoxide  (Gazdar  and  Smiles),  T.,  2250. 
C14H14NIS     iV-*S'-Dimethyldiphenylamine-o-sulplionium  iodide,  niercuii- 
iodide  of  (Barnett  and  Smiles),  T.,  985. 

C]4H]503N3S  ^>-Dimethylaminoazobenzene-^-sulplionic  acid,  sodium  salt, 
{7ncthyl  orange)  colour  changes  of,  in  acid  solution  (Tizard),  T.,  2477  ;  P.,  225. 

C14H23O3NCI2  Substance,  from  carpaine  hydrochloride  and  chlorine  (Barger) 
T.,  472  ;  P.,  53. 

14  V 

CuH^OgNeSQFe  Hexamethyl  ferrocyanogen  methyl  sulphate  (Hartley), 
T.,  1726  ;  P.,  210. 

Ci5  Group. 

CigHioOg    Substance,  from  red  clover  flowers  (Power  and  Salvvay),  T.,  239  : 

P.,  20. 
CigHiaOe    Eriodictyol        i2-A:6-trihydroxypfienyl        S-A-dihydroxystyrvl   ketone) 

(TUTIN),  T.,  2058  ;  P.,  222. 

C15H16O2    ^o)3-Dihydroxy-aj8-diphenylpropane  (McKenzie  and  Wren),  T., 

477. 
CisHieOg    2:4-Dimethoxybenzhydrol  (Pope  and  Howard),  T.,  81. 
CigHnN    a-Phenyl-l-methyl-A'-e2/c^ohexene-4-acetonitrile     (Harding    and 

Haworth),  T.,  498. 

C15H26O4     Di-?i-propyl   a-thujadicarboxylate  (Thomson),  T.,  1514;  P.,  178. 
C15H20N3    Substance,  from  ethylidenexylidine  and  phenylbenzylhydrazine  (Jones 
and  White),  T.,  641. 

15  III 

CisHgONn     Ketohydrindenophenazine  (Ruuemann),  T.,  1449. 

CisHsOitCLj  l:4-Dichloro-8-hydroxy-5-methylanthraquinone  (Walsh  and 
Weizmann),  T.,  690. 

l:4-Dichloro-6  (or  5-)  -hydroxy-5  (or  6-)  -methylanthraquinone  (Walsh 
and  Weizmann),  T.,  691. 

C16H10O3N4  5-^>Nitrobenzeneazo-8-hydroxyquinoline,  and  its  hydrochloride 
and  sodium  salt  (Fox),  T.,  1343. 

C15H10O4CI2    3:6-Dichloro-5'  (or   6'-)  -hydroxy-2-()  (or   in-)  -toluoylbenzoic 
acid,  and  its  sodium  salt  (Walsh  and  Weizmann),  T.,  689. 
3:6-Dichloro-3' (or  2'-) -hydroxy-2-o  (or  wi-)  toluoylbenzoic  acid  (Walsh 
and  Weizmann),  T.,  691. 
Ci5HioOflN4    Substance,  from   quinoliue  and  trinitrobenzene  (Sudbokough  and 
Beard),  T.,  794. 
Substance,  from  tsoquinoliue  and  trinitrobenzene  (Sudboeough  and  Beard), 
T.,  795. 
CjgHiiONs    Quinolineazophenol,  and  its  hydrochlorides  (Fox),  T.,  1346. 

5-Benzencazo-8-hydroxyquinoline,  and  its  salts,  (Fox),  T.,  1339  ;  P.,  177. 
CijHuOjN    w-Amino-o-hydroxy-acetophenoue,  hydriodide  (Tutin),  T.,  2518  ; 
P.,  246. 
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CisHhOtNs  Substance,  from  3-phenylpyrazoloue  and  trinitrobenzene  (SuD- 
BORot'GH  and  Beabd),  T.,  797. 

Ci,Hi20N4  5-;>-Aniinobenzeneazo-8-hydroxyquinoline,  and  its  salts  (Fox), 
T.,  1343. 

Ci5Hi20^N4  Substance,  from  a-metbylindole  and  trinitrobenzene  (Scdborough 
and  Beard),  T.,  796. 

Ci.-,Hi304N    «-Benzoylamino-oj>-di4iydroxyacetophenone  (Ttms),  T.,  2516. 
Ci  jHi40sN4  Substance,  from  tetraliydroquinoline  and  trinitrobenzene  (Sudbobough 
and  Beard),  T.,  796. 

C15H14O7N4    Substance,  from  trinitrobenzene  and  dimethyl-j>-aminobenzaldehyde 

(SuDBOBoroH  and  Beard),  T.,  791. 
C13H14O8N4    Substance,  from  ethyl  0-  and  ^-aminobenzoate  and  trinitrobenzene 

(SuDBO ROUGH  and  Beard),  T.,  785. 
C15H15O.2N3    Dimetbylaminoazobenzene-o-carboxylic    acid    {methyl    red), 

colour  changes  of,  in  acid  solution  (Tizard),  T.,  2477  ;  P.,  225. 
CisHisOgN.,    Substance,  from  acetonephenylhydrazone  and  trinitrobenzene  (ScD- 

BOKoiGH  and  Beard),  T.,  793. 

C15H15NS     Phenylethylthiobenzamide  (Russell),  T.,  957. 
CijHirOjN     Beuzenesulphonyl-p-methoxyphenylethylamine   ("Walpolk), 
T.,  946. 
Benzoyloscine,  resolution  of  (Tutin),  T.,  1793  ;  P.,  215. 
Benzoy  WZ-oscine,  and  its  salts  (Tutin),  T.,  1796  ;  P.,  215. 
C13H17O4N    Ethyl  (^cyanobenzylmalonate  (Mitchell  and  Thorpe),  T.,  2270  ; 
P.,  249. 

C15H19O2N    oBenzoyloxyoctonifrile  (Davis),  T.,  951  ;  P.,  89. 

C15H19O5N    3:4-Diacetoxy-i\r-acetylphenylethylmethylamine      (Pymak), 

C15H21O3N     Ethyl      3-ethoxy-l:l-dimethyI-A'-cyc/obexenylidene-5-cyano- 

acetate,  two  stereoisomerides  (Cros.sley  and  Gillino),  T.,  529. 
C15H23O4N    Trimethyl  rhamnoseanilide  (Irvine  and  McNicoll),  T.,  1455. 
C].-,H-230gN    Ethyl  i3-cyanopentane-a38-tricarboxvlate  (Hope  and  Perkin), 

P.,  178. 

Ethyl  3-cyanowopentane-oj85-tricarboxylate  (Hope  and  Pebkin),  P.,  178. 
C15H25O2N     Camphor-n-amylimide  (Wootton),  T.,  415. 
CisH^rOsN    n-Amyl-a-camphoramic  acid  (Wootton),  T.,  413. 

15  IV 

Ci-jHijO oNaClg  2:4:6:2':4':6'-Hexachloromalonanilid  e  (Chattaway  and 
Mason),  T.,  342. 

CioHsOaNoBrfl  2:4:6:2':4':6'-Hezabromomalonanilide  (Chattaway  and 
Mason),  T.,  344. 

CijH«04Cl2Br  3:6-Dichlorobromo-5'  (or  6'-)  .hydroxy-2-o  (or  m-)  -toluoyl- 
benzoic  acid  (Waujh  and  Weizmann),  T.,  689. 

CijHioONsBr  5-j»-Broinobenzeneazo-8-bydroxyquinoline,  and  its  hydro- 
chlorides (Fox),  T.,  1342. 

Ci3Hio02N2Cl|  2:4:2':4'-Tetrachloromalonanilide  (Chattaway  and  Mason). 
T.,  342. 

CisHioOaN3Br4    2:4:2' :4'-Tetrabromoraalonanilide  (Chattaway  and  Mason), 

T.,  344. 

CisHisOoNjCls    ;>p-Dichloromalonanilide  (Chattaway  and  Mason),  T.,  840. 
Ci5Hi20aN2BP2    jop-Dibromomalonanilide  (Chattaway  and  Mason),  T.,  343. 
C1SHJ4O5N2S     Phenetoleazobenzaldehydesulphouic  acid,  metollic  salts  of, 
(Ukeen  and  Sen),  T.,  2243. 

CisHnOjNS     Benzenesulphonyl-jv-hydroxypbenylethylmethylamiQe 

(Walpole),  T,  947. 
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Ci,;  Group. 

CieHioOo     2-Keto-4:5-diphenylene-2:3-diliydiofuiaii   (Richards),    T.,    1458" 

P.,  "195. 
CieHioOs    Tr  ifolitin  (Power  and  Salway),  T.,  240  ;  P.,  20. 
CieHioO?    Substance,  from  red  clover  flowers  (Power  and  Salway),  T.,  236' 

P.,  20. 
CieHisO     3-Phenyl-l-naphthol  (Ruhemann),  T.,  461. 
C16H12O3     9-Hydroxy-lO-phenanthrylacetic  acid,  and  its  barium  and  sodium 

salts  (Richards),  T.,  1458  ;  P.,  195. 
C16H12O4     Pratol,  from  red  clover  flowers  (Power  and  Salway),  T.,  233  ;  P.,  20. 
CieHiaOg     Dura-santalin  (Perkin),  T.,  223  ;  P.,  23. 
CieHioOv     isoRliamnetin,  in  red  clover  flowers  (Power  and  Salway),  T.,  244  • 

P:,  20. 
C16H12N0    2:5-Diphenylpyrazine,  salts  of  (Tutin  and  Caton),  T.,  2530;   P., 

245? 
2:6-Diphenylpyrazine,  salts  of  (Tutin),  T.,  2501  ;  (Tutin  and  Caton),  T., 

2531;  P.,  245. 
C16H13N3    Phenylhydrazone     of     2-cyano-l-hydrindone     (Mitchell     and 

Thorpe),  T.,  2278. 
C16H14O2    jS-Benzylcinnamic  acid  (Ruhemann),  T.,  460. 

Phenyl  o-methoxystyrylketone  (o-methoxybenzylideneucetophenone)  (Stobbe 

and  Wilson),  T.,  1724  ;  P.,    206. 
C16H14O3    Benzoyl  derivative  of  methyl  ju-coumarate  (Power  and  Salway), 

T.,  235. 
CioHuOb     Homoeriodictyol   (2'A:6-trihydroxyphenyl  4-hydroxy-3-/nethoxysty7'yl 

ketone)  (Tutin),  T.,  2059;  P.,  222. 
Hesperitin  {2-A:Q-trihydroxyphenyl  fi-hydroxy-i-methoxystyryl  ketone)  (Tutin), 

T.,  2060;  P.,  222. 
M  onomethyleriodictyol  {2:6-dihydroxy-i-methoxyphcnyl  Z:i-dih,ydroxystyryl 

ketone)  (Tutin),  T.,  2059. 
CieHieOs    )3-Phenyl-j3-benzylpropionic  acid,  and  its  silver  salt  (Ruhemann), 

T.,  460. 
Ci6Hi8N2    Phenylhydrazone    of    2-methyl-l-hydrindone    (Mitchell    and 

Thorpe),  T.,  2275. 
Ci6Hig02    Dimethoxy-^-tolylphenylmethane  (Mackenzie),  P.,  170. 

Z-o;3-Dihy(lroxy-o;3-diphenylbutane  (McKenzie  and  Wren),  T.,  479. 
CieHisOe    Ethyl  methyltrimesate  (Simonsen),  T.,  1913. 
C16H20O4    Phenyl  hydrogen  camphorate  (Edminson  and  Hilditch),  T.,  227. 
a-  and  y3-Ethoxypiperonylideuepinacoline  (Boon  and  Wilson),  T,,  1756  ; 

P.,  208. 
Benzyl  o-thujadicarboxylate  (Thomson),  T.,  1515  ;  P.,  178. 

16  III 

C16H10O2N2    Indirubin  (Bloxam  and  Perkin),  T.,  1460  ;  P.,  168. 

C16H10O3CI0     l:4-Dichloro-7  (or  5)-methoxy-5  (or  7)-methylanthraquinone 

(Walsh  and  Weizmann),  T.,  692. 
CjeHiiOsN    ai-Phthalimino-ojo-dihydroxyacetophenone  (Tutin),  T.,  2517. 
CieHnOfiNs    Substance,    from    )8-imino-a-cyanohydrindene    and    trinitrobenzene 

(SuDBOROUGH  and  Beard),  T.,  790. 
CieHiiOgNs    Substance,  from  o-nitro-/3-naphthylamine  and  trinitrobenzene  (SuD- 

BOROUGH  and  Beard),  T.,  785. 
C16H12O2N2    oo'-Dihydroxy-2:5-diphenylpyrazine  (Tutin),  T.,  2518  ;  P.,  246. 
/ip'-Dihydroxy-2:6-diphenylpyrazine,  and  its  salts  (Tutin),  T.,  2523;  P., 

244. 
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Ci,;H]oON.)    Substance,   from  triketohydrindene  and  beuzamidiue  (Ruhemaxx), 

f./2029  ;  P.,  235. 
CisHjoOiNo    oo'p/>'-Tetrahydroxy-2:5-diphenylpyrazine,     and    its    sulphates 

(tuTiN),  T.,  2514;  P.,  245. 
CisHiiO^Cla    3:6-Dichloro-4'  (or  2')-niethoxy-2-o-(or  ;))-toluoylbenzoic  acid 

(Walsh  and  Weizmann),  T.,  691. 
CifiHiiONs     5-j>-Tolueneazo-8-hydroxyquinoline,    and    its    salts    (Fox),    T., 

l'341. 
C16H13O2N    l-Hydrindone-2-carbanilide  (Mitchell  and  Thorpe),  T.,  2274. 
CirtHiaOgN    «-Phthalamino-a;>dihydroxyacetophenone,  (Tutin),  T.,  2517. 
C^jHiaOdNj    Substance,    from  o-amino-^>-toluquinone   and  tiinitrobenzene  (Sud- 

BOROVGH  and  Beard),  T.,  796. 
Substance,  from  trinitrobenzene  and  naplithylenediamine  (1:2-,  1:4-,  1-5-,  and 

1:8-)  (SuDBOROUGH  and  Beard),  T.,  787. 
CigHisOvNs    Substance,    from   l-phenyl-3-methylpyrazolone  and  trinitrobenzene 

(SvDBOROVGH  and  Beard),  T.,  797. 
CisHuOsN^    2:2'-Dinitrodiacetylbenzidine  (Cain  and  Mat),  T.,  724. 
CieHioOoN     Diphenacylamine,  hydriodide  of  (Tutin),  T.,  2521  ;  P.,  244. 
C16H15O4N    ijp'-Dihydroxydiphenacylamine,  and  its  salts  (Tutin),  T.,  2522  ; 

P.,  244. 
CifiHisOjNs    2-Nitrodiacetylbenzidine  (Cain  and  Mat),  T.,  725. 
CifiHijOgN     7;iJ/i'/>p'-Tetrahydroxydiphenacylamine,    salts    of     (Tutin),    T., 

2523  ;  P.,  244. 
C16H16O6N4    Substance,  from  ar- tetrahydro-o-naphthylamine  (SuD borough  and 

Beard),  T.,  786. 
CieHieOioNs    Caffeine  salt  of  2:3:5-trinitro-4-acetylaininophenol  (Meldola 

and  Kuntzen),  T.,  453. 
CisHnOiN     Narclssine   and  its  hydrochloride  (Ewixs),  T.,  2406  ;  P.,  296. 
CisHisOoNo    4'-Acetyl-3-ethoxyb'enzidine  (Cain  and  Mat),  T.,  725. 
CiuHisO-No    ^-Azoxyphenetole,  absorption  of  carbon  dioxide  by,  relation  between 

solubility  and  the  physical  state  of  the  solvent  in  the  (Homfrat'I,  T.,  1669; 

P.,  197. 
Acetyldianisidine  (and  +  H.,0)  (Cain  and  Mat),  T.,  723. 
CigHigOiNo    Camphor-3-nitrophenylimide  (Wootton),  T.,  415. 
C„iH,,,0,N"  Laurepukine  (Aston),  T.,  1387  ;  P.,  11. 
Ci.jHiyOgN,    Substance,  from  tetramethyl-/>-phenylenediamine  and  trinitrobenzene 

(Stdborouoh  and  Beard),  T.,  792. 
CibHisCISI    Dibenzylethylsilicyl     chloride    (Challenger    and     Kipping), 

T.,  146. 
C,(;H3>04S    Phenyl      camphor-iS  -  snlphonate     (Edminson    and    Hilditch), 

T.,   228. 
Ci^HooOjNa    S-Nitrophenyl-u-camphoramic  acid  (Wootton),  T.,  413. 
Cie.HjiOiN    4-Hydroxyphenyl-o-caraphoramic  acid  (Wootton),  T.,  414. 
CiuH-iO^Bp    Bromoethoxypiperonyl  idenepinaeolin    (Boon  and   Wilson), 

t.,   1754. 
CifjH.^iOsN^     3-Aminophenyl-a-camphoramic    acid,    and     its    hydrochloride 

(Wootton),  T.,  414. 

CieHjsON  A>-Noneno-/;-tolaidide  (Hardino  and  Weizmank),  T.,  302. 

CifiHioOjN  Camphorcarboxypiperidide  (Glover  and  Low rv),  P.,  163. 

Ci5H.i-,05N  Tetramethyl  mannoseanilide  (Irvine  and  McNicoll),  T.,  1452. 

Tetramethyl  galactoseanilide  (Irvine  and  McNicoll),  T.,  1454. 

C,sHn702N  Camphor-»-hexylimide  (Wootton),  T.,  416. 

CigH.jqOaN  n-Hexyl-a-camphoramic  acid  (Wootton),  T.,  413. 

C,eH,,0,N  Ethyl  carpamate,  hydrochloride  of  (Bauoer),  T.,  469. 
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16  IV 


CieHgOgNCL     l:4-Dichloro-5-acetylaminoaiithraquinone        (Walsh       and 

Weizmann),  T.,  688. 
C16H9O4N3S2     Dinitro-zS'-thienylplienazothionium     hydroxide      (+ JHgO) 

(Baknett  and  Smiles),  T.,  373. 
Ci6H]o06N4Br2    Substance,     from     l:6-dibromo-2-naphthylamine     and    trinitro- 

benzene  (Sudborough  and  Beaed),  T.,   782. 

CieHiiOoN-^S     l-Benzenesulphonylnaphthylene-2-diazo-l-imide     (Morgan 
and"  Godden),  T.,  1717. 
2-Benzenesulphonylnaphthylene-l-diazo-2-imide    (Morgan    and    God- 
den), T.,  1715. 
Benzenesulphonylnaphtliylene-2:3-diazoimide    (Morgan  and  Godden), 
T.,  1718. 
Ci6Hi]04NCl2    l:4-Dichloro-5-aminoanthraquinone  acetate      (Walsh     and 

Weizmann),  T.,   688. 
CieHiiOeNgS     Benzenesulphonyl-2:4-dinitr  o-a-n  aphthylamine       (Morgan 

and  Godden),  T.,  1715. 
C]6Hii06N4Bp    Substance,    from    4-bromo-l-naplitliylamine   and   trinitrobenzene 
(SuD borough  and  Beard),  T.,  782. 
Substance,  from  a-bromo-/3-naphthylamine  and  trinitrobenzene  (Sudborough 
and  Beard),  T.,  782. 
C16H12O4N2S     Benzenesulphonyl-l-nitro-/3-naphthylamine     (Morgan    and 

Godden),  T.,  1714. 
C16H14O2N2CI2    2:2'-Dichlorodiacetylbenzidine  (Cain  and  May),  T.,  724. 
C16H14O2NCS     2-Benzenesulphonyl-l:2-naphthy]enediamine  (Morgan    and 

Godden),  T.,  1714. 
C16HUO4N.XI0    Tartarodi-o-,7/?-,  and  ^j-chloroanilide  (Frank land  and  Twiss), 

T.,  1.59.  " 
Ci6Hi404N'>Br.5   Tartarodi-o-,  m-,  and^'-bromoanilide  (Fe ank land  and Twiss), 

T.,  157. 
C16H15O2N3S      l-Benzene9ulphonyl-l:2:4-triaminonaplithalene     (Morgan 

and  Godden),  T.,  1716. 
CibHibOsNCI     Phenylurethane  of  7-chloro-;8-hydroxv-a-phenoxypropane 

(Boyd  and  Marle),  T.,  1789  ;  P.,  209. 
Ci6Hi802NCl     Camphor-2-,  3-,  and  4-chloroplienylimide  (Wootton),  T.,  415. 
Ci6His02NBp     Cauiiihor-2-,  and  3-bromophenylimide  (Wootton),  T.,  415. 
C16H00O3NCI     2-,  3-,  and   4-Clilorophenyl-o-camphoramic  acid  (Wootton), 

t.,  415. 
Ci6H2o03NBr     2-,  and  3-Bromophenyl-a-camphoramic  acid  (Wootton),  T., 

415. 
Ci6H2402NBr     Campliorcarboxybromopiperidide  (Glover  and  Lowry),  P, 
163. 

16  V 

Ci6Hio02N3BrS      2-BenzenesiilphonyI-4-bromonaphthylene-l-diazo-2- 
iniide  (Morgan  and  Godden),  T.,  165. 

l-Benzenesnlplionyl-4-broiiioiiaphthylene-2-diazo-l-imide        (Morgan 
and  GoDi.EN),  T.,  1712  ;  P.,  165. 

Ci6H]i04N2BrS     Benzeiiesulphonyl-2-nitro  -4-bromo-o-naphthylamine 

(Morgan  and  Goddkn),  T.,  1711. 
Ci6Hi202NBr  S    B  e  n  z  «  u  e  s  u  1  p  h  0  u  y  1-4  -b  r  0  m  o-a-n  aphthylamine  (Morgan  and 

G(.ddin),  T.,  1710. 
C10H13O2N.2BPS      1-,  and  2-Benzene8ulphonyl-4-bromo-l:2-naphthylenedi- 

amine  (Mokgan  and  Goddkn),  T.,  1709  ;  P.,  165. 
Ci6H320ifiN8S4Fe     ^ubstame,  from  potassium  ferrocyauide  and  methyl  sulphate. 

(Hartley),  T.,  1071,  1725. 
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Cir  Croup. 

C17H10O2  2.Benzo-a-uaphthol,  and  its  salts  (Edminson  and  Hilditch),  T.,  226. 

C1-H10O5  Pratensol,  from  red  clover  flowers  (Powee  and  Salway).  T.,  238  ;  P., 

20. 

CivHijNg  Z-p-T  o\yl-P-na.iphthsiisotTia.zo\e  {2-p-tolyl'napJUhyleTK-l'diazo-2-imine), 

(Morgan  and  Bramley),  P.,  151. 

Ci7H]404  Chrysophanic  acid  dimethyl  ether  (Tttix  and  Cleweb),  T.,  6. 

CitHisOo  j8/3-Dibenzoylpropane  (Smedley),  T.,  1492. 

CivHiflOs  2:4-Diacetoxybenzhydrol  (Pope  and  Howaed),  T.,  80. 

CnHisO^  Trietbyl  hydrogen  prehnitate  (Bamford  and  Simonsen),  T. ,  1908. 

CnH-ijOo  Menthyl  benzoate  (CoHEK  and  Dudley),  T.,  1750. 

C17H30O4  Diisobutyl  a-thujadicarboxylate  (Thomson),  T.,  1514;  P.,  178. 

17  m 

C17H10OS    Naphthathioxanthone  (Davis  and  Smiles),  T.,  1298  ;  P.,  174. 
CnHinOiCla     l:4-Dichloro-8-acetoxy-5-methylanthraqainone  (Walsh  and 

Weizmann),  T.,  690. 
C)7Hn02N     O-Beuzoyl-2-cyano-l-hydrindone  (Mitchell  and  Thorpe),  T., 

2278. 

C17H11O5N3    0-,  and /j-Nitro-o-carboxybenzene-4-azo-a-naphthol(BALY, Tuck, 

and  MaR-Sdex),  T.,  1501. 

C17H12ON4     BenzoyI-l-aminonaphthyl-4-azoimide  (Morgan  and  CorziNS), 

T.,  1697. 
CnHjoONg     Benzoyl-l-aminonaphthalene-4-diazonium  azide  (Morgan  and 

COLZENS),  T.,  1697. 

C17H12O7N4    Azo    derivative    of   2:5-dinitro-l-methoxy-S:4-qaiDonediazidc 

(MELDOL.V  and  Reverdin),  T.,  1206. 
Substance,  from  fonno-o-  and  5-naphthalide  and  trinitrobenzene  (Sudboeough 

and  Beard),  T.,  790. 
C17H1JO2N3    Quinolineazophenyl  acetate  (Fox),  T.,  1346. 
CnHi304N     w-Phthalimino-omethoxyacetophenone  (Titin),  T.,  2517. 

»-Phthalimino-p-methoxyacetophenone  (Tvtin),  T.,  2508. 
CJ7H14O2N4  5-p-Acetylaminobenzeneazo-8-hydroxyqninoIine,andits sodium 

salt  (Fox),  T.,  1343. 
C17H15ON3     Quinolineazophenetole  (Fox),  T.,  1347. 
C17H15O2N3    5-j)-Ethoxybenzeneazo-8-hydroxyquinoline,  and  its  soditUQ  salt 

and  hydrochloride  (Fox),  T.,  1344. 
Ethoxyquinolineazophenol  (Fox),  T.,  1347. 
C17H16ON2    JB-Dimethylaminoanilo-a-hydrindone  (RuHBlfANN),  T.,  1446. 
CnHnOsN     Pukateine,  and  its  salts  (Aston),  T.,  1382  ;  P.,  11. 
C17H17O4N     Benzoyl  derivative  of  /3-3-methozy-4:6-ii]ethylenedioxy-phenyl- 

ethylamine  (Salway),  T.,  1212. 
C17H1MO3N2    /-Methoxysuccindianilide  (PfEDiK  and  Nbave),  T.,  1520. 
C17H19O3N     2-,  3-,  and  4-Nitrobenzylidenecamphor  (Wootton),  T.,  411,  412. 
C17H20ON2     Benzylidenecamphorquinonehydrazone    (Fobstkb    and    Ziif- 

mekli),  T.,  2170. 

C17H20O3N2    «/8-Dibenzylaminopropionic    acid,     and     its     dihydrockloride 
(Fra.nkland),  T.,  1688  ;  P.,  202. 

Phenylhydrazone  of  4:5-dimethoxy-o-methylacetophenone  (Harding 

and  Weizmann),  T.,  1128  ;  P.,  130. 
a-Benzoylcamphorquinonehydrazone  (Forsteh  and  ZiimiRU),  T.,  2169. 
CnHjiOaN    <i-Camphorbeuzylimide,  preparation  of  (Evans),  T.,  2i40. 
Camphor  0-,  //I,  and  ;>tolvliiuide(  WooTTON),  T.,  415. 
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CnH2i02N3    Camphorquinone-a-        and       y3-phenylcarbamylhydrazone 

(FoBSTER  and  Zimmerli),  T.,  2174  ;  P.,  245. 
C17H23O2N    Phenylurethane  of  A'-m-menthenol  (8)  (Luff  and  Perkin),  T., 
2153. 
Phenylurethane  of  A'-j!;-menthenol  (8)  (Perkin  and  Wallach),  T,,  1433. 
C17H23O3N  0;  m-,  and^-Tolyl-a-camphoramic  acid  (Wootton),  T.,  415. 
Hyoscyamine,  specific  rotatory  power  of  (Caer   and  Reynolds),  T.,  1328; 
P.,  180, 

17  IV 

CnHjiONS    3-Aminonaphthathioxanthone,  and    its  platinichloride  (Davis 

and  Smiles),  T.,  1299  ;  P.,  174. 
C17H14O4N2S2    Substance,  from  imraedial-ipdone  (Frank),  T.,  2045  ;  P.,  218. 

C17H15O3N3S    M eth an esulphonyl-j»-aminobenzeneazo-)3-naphthol (Morgan, 
PiCKARD,  and  Micklethwait),  T.,  63. 

CitHigOsNCl    Phenylurethanes  of  7-chloro-j8-hydroxy-a-o-,  and/j-tolyloxy- 
propane  (Boyd  and  Marle),  T.,  1790  ;  P.,  209. 

C18  Group. 

C18H13N3    oo-Dicyauo-j8j8'-diphenylMobutyronitrile  (Mitchell  and  Thorpe), 

T.,  2280. 
C18H14O5    Acetyl  derivative  of  pratol  (Power  and  Salway),  T.,  233. 
C18H16O4    ^-Carbethoxydibenzoylmethane  (Smedley),  T.,  1491. 

CigHieOe    oo-Dicarboxy-j8j3'-diphenyKsobutyric  acid  (Mitchell and  Thorpe), 

T.,  2281. 
CigHigOg     Diacetyl     derivative    of    2:4-dihydroxy-4'-methoxybenzhydrol 

(Pope  and  Howard),  T.,  973. 
C18H26O2    Menthyl  phenylacetate  (Cohen  and  Dudley),  T.,  1749. 

Menthyl  0-,  m-,  and^-toluate  (Cohen  and  Dudley),  T.,  1749. 
C18H26O3    Menthyl  0-,  to-,  and  ^-methoxybenzoate  (Cohen  and   Dudley), 

T.,  1739. 

18  III 

C18H10O4N2    2-o-Carboxybenzoylindonoglyoxaline,     and      its     silver    salt 

(Ruhemann),  T.,  1442. 
C18H12ON4    Quinolineazo-8-hydroxyquinoline,    and    its     sodium    salt    and 

hydrochlorides  (Fox),  T.,  1345. 
C18H12O6N4    Substance,   from  carbazole  and  trinitrobenzene  (Sudbokough  and 

Beard),  T.,  796. 
C18H13NS    iV^-Phenylthiodiphenylamine  (Barnett  and  Smiles),  T.,  364. 
C18H15O5N     w-Phthalimino-op-dimethoxyacetophenone  (Tutin),  T.,  2513. 
CigHisOfiNv     Substance,   from   2:4.diaminoazobeuzene   and  trinitrobenzene   (Sud- 

borough  and  Beard),  T.,  787. 
C18H16O2N2    i:!p'-Dimethoxy-2:5-diphenylpyrazine,  and  its  salts  (Tutin),  T., 

2505  ;  P.,  244  ;  (Tutin  and  Caton),  T.,  2531  ;  P.,  245. 
^y-Dimethoxy-2:6-diphenylpyrazine,  and  its  salts  (Tutin),  T.,  2506  ;  P., 

244  ;  (Tutin  and  Caton),  T.,  2532  ;  P.,  245. 
C1HH16O7N4    Substance,  from  a-amino-  /3-naphthyl  ethyl  ether  and  trinitrobenzene 

(SuDBOROUGH  and  Beard),  T.,  787. 
Ci3Hie08N4     Substance,    from   ethyl   2-aminoindene-3-carboxylate    and    trinitro- 
benzene (SuDBOROUGH  and  Beard),  T.,  788. 
C18H17O3N    8-Methoxy-6:7-methylenedioxy-l-benzyl-3:4-dihydrot»oquinol- 

ine,  and  its  hydrochloride  (  + 2H2O)  and  picrate  (Salway),  T.,  1214. 
6-Methoxy-7:8-methylenedioxy-l-benzyl-S:4-dihydromqainoline,     and 

its  hydrochloride  and  picrate  (Salway),  T.,  1215. 
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CisHisOoNo    Plienylhydrazone     of     ethyl      l-hydrindone-2-carboxylate 

(Mitchell  and  Thorpe),  T.,  2273. 
CisHisOsNo    m-Betrahydrofuran-2:5-dicarboxyldianilide  (Le  Suettk  and 

Haas)',  T.,  184. 
CisHigO^No    Acid    diamide    of   oo-dicarboxy-/i/3'-diphenylwobutyric    acid 

(Mitchell  and  Thorpe),  T.,  2281. 
C18H18O8N4    Substance,  from  ethyl  jS-anilinocrotonate  and  trinitrobenzene  (SuD- 

BOROUGH  and  Beap.d),  T.,  790. 
CisHisNsSb    Tri-;?-aminotriphenyl3tibine  (Mat),  P.,  142. 
Ci^HigOoN.    )8-Benzyl-7-benzylaminomethylhydantoin,     and     its     hydro- 
chloride (Fuaxkland),  T.,  1689  ;  P.,  203. 
Benzoyl  derivative  of  camphane-oxytriazine  (FoRSTER  and  Zimmerli),  T., 

2177. 
Ci«Hi904N     Phenvlacetyl-3-3-methoxy-4:5-methylenedioxyphenylethyl- 

amine  (Salway),  T.,  1213. 
ji>y-Dimethoxydiphenacylamine,  hydrochloride  of  (Tutin),  T.,  2507. 
CnHoflOaNo    Diacetyl-3-ethoxybenzidine  {Cms  and  May),  T.,  725. 
Ci8Hio04N2    Phenylhydrazone    of    hydroxydiacetyldimethoxybenzene 

(Tutin  and  Caton),  T.,  2066. 
CigHsiOgNs    i8-Benzylamino-a-benzylcarbamidopropionic    acid     (Fbank- 

LANDJ,  T.,  1689  ;  P.,  203. 
C1SH21O4N     Hydroxycodeine,  and  its  salts  (Dobbie  and  Laudek),  P.,  339. 
CiaHo404No    Acetyl    derivative     of     3-amino-phenyl-a-camphoramic    acid 

('Woottos),  T.,  414. 
C1SH23O4N    4-Ethoxyphenyl-a-camphorainic  acid  (Wootton),  T.,  415. 

18  IV 
CisHioOgNsSb    Trinitrotriphenylstibine(MAY),  P.,  142. 
C18H13O7N4BP    Acetyl  derivative  of  substance,  from  a-bromo-jS-naphthylamine 

and'  trinitrobenzene  (SuDBOBOUGH  and  Beard),  T.,  782. 
CigH]40gN3Sb    Trinitrophenylstibine     dihydroxide,    and     its     dichloride 

(May),  T.,  1958. 
Ci3Hi504SSb    Triphenylstibine  sulphate  (May),  T.,  1958. 
CigHigOClSb    Triphenylstibine       hydroxychloride     (MOKOAX,     MiCKLZ- 

thwait,  and  Whitby),  T.,  37. 
CigHis04NSb    Triphenylstibine  hydrozynitrate  (MoKOAN,  MiCKLiTHWAiT 

and  Whitby),  T.,  35. 

Ci9  Group. 

C19H12O:,    3-Hydroxy-9-phenylfluoroue  (Pope  and  Howard),  T.,  1026. 

C19H14O3    3:6-Dihydroxy-9-phenylxanthen  (Pope  and  Howard),  T.,  81. 

CigHigOs  Piper onylidene-4:5-dimethoxy-o-methylacetophenone  (Hard- 
ing and  Weizmann),  T.,  1128. 

CyHooOs    Matairesinol  (  +  Et  OH)  (Easterfield  and  Bee),  T.,  1023  ;  P.,  7. 

C19H00O6  Benzoyloxydiacetyldiraethoxybenzene  (Tutin  and  Caton),  T., 
2066. 

Ci9H2207  Matairesinolic  acid(-t-  8H,0),  and  its  calcium  salt  (Easterfield  and 
Bee),  T.,  1031  ;  P.,  7. 

CisHqsSI  Dibenzylethylprop7laiIicane(CHALLBKQKRand  Kippiko),  T.,  146  ; 
P.,  3. 

C]»H«Os  Menthyl  0-,  m-,  and  p-ethoxybenzoate  (Cohen  and  Dudlkt),  T., 
1741. 

Ci^HooNo  Menthylethylbenzamidine,  and  its  salts  (Cohkn  and  Marshall), 
T.,  333. 
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—19  IV  FORMULA   INDEX. 

CigHsaOii    Methyl    pentamethylgynocardinate  (Moore  and   Tutin),   T., 

1287  ;  P.,  182. 
CigHsaN    Tridecylaniline,  aud  its  hydrochloride  (Le  Sueur), T.,  2440  ;  P.,  290. 
C19H34O4    Diisoamyl  a-thujadicarboxylate  (Thomson),  T,,  1514  ;  P.,  178. 

19  III 

C19H8O3BP4    T  etrabromo-3-hydroxy-9-phenylfluorone  (Pope  and  Howard), 
T.,  82. 

Ci9Hi206N4    Substance,   from   acridine  and  trinitrobenzene  (Sudborough  and 
Beard),  T.,  796. 
Substance,  from  o-  and  3-naphthaquinoline  and  trinitrobenzene  (Sudborough 
and  Beard),  T.,  795. 

CjgHisONa    5-a-Naphthaleneazo-8-hydroxyquinoline,  and  its  hydrochloride 
and  sodium  salt  (Fox),  T. ,  1345. 
Quinoline-3-azo-/3-naphthol  (Mills  and  Watson),  T.,  753  ;  P.,  56. 

C19H13O2N3    o-oo-Tricyano-j3j8'-diphenyKsobutyric  acid,    and    its    potassium 
salt  (Mitchell  and  Thorpe),  T.,  2280. 

CigHuOsNg     Substance,  from  m-nitrobenzaldehydephenylhydrazone  and  trinitro- 
benzene (Sudborough  and  Beard),  T.,  793. 

C19H15NS    Diphenylthiobenzamide,  preparation  of  (Russell),  T.,  956. 

CigHjaOgNa    Benzoyl-4-nitro£fthyl-o-naphthylamine  (Morgan  and  Couzens), 
T.,'l693. 

C19H16O6N4    Substance,  from    benzylaniline   and    trinitrobenzene  (Sudborough 
and  Beard),  T.,  788. 

C19H17O2N3     Nitrosamine,  from  hydrolysis  of  benzoylethyl-4-aminonaphthalene- 
1-dfazonium  salts  (Morgan  and  Couzens),  T.,  1696. 

Ci9H]sON2    as-Benzoylethyl-l:4-naphthalenediamine         (Morgan         and 
Couzens),  T.,  1693  ;  P.,  165. 

C19H18O3N0    c?/c/oPentan-l-one-2:5-dicarbanilide  (Mitchell  and  Thorpe),  T., 
1003.  " 

C19H20O3N4     l:7-Dibenzyltetrahydrouric   acid  (Frankland),  T.,  1691  ;   P., 
203. 

C19H20O12S2    Matairesinoldisulphonic  acid,  barium  salt  (  +  5HoO)  (Easter- 
field  and  Bee),  T.,  1030  ;  P.,  7. 

C19H21O3N     Laureline,  and  its  salts  (Aston),  T.,  1386  ;  P.,  11. 

C1UH0.2O2N2    Ethyl      3-anilino-l:l-dimethyl-A='-C2/cZohexenylidene-5-cyano- 
acetate  (Crossley  and  Gilling),  T.,  527. 

C19H29O2N     Menthyl  0-,  and  ^-dimethylaminobenzoate  (Cohen  and  Dud- 
ley), T.,  1746. 

Ci»H320N2    Phenyltridecylnitrosoamine  (Le  Subub),  T.,  2440. 

19  IV 

CigHisOsNsS    Dinitro-S'-salicvlphenazothionium  hydroxide  (Babnett 
and  Smiles),  T.,  372. 

CinHjeONsCl   Benzoy  lethyl-4-aminonaphthalene-l-diazonium  chlor- 
ide (Morgan  and  Couzkns),  T.,  1695. 

CigHigOsNsCl         Benzoylethyl-4-aniinonaphthalene-l-diazonium        per- 
chlorate  (Morgan  and  Couzens),  T.,  1695. 

Ci9H]70bN3S     Benzoylethyl-4-arainonaphthalene-l-diazonium     sulphate 
(  +  EtOH)  (Morgan  and  Couzens),  T.,  1694. 

CigHooOsSSi    (W-D  i  ben  zy  1  e  thy  1  pro  pylsili  can  esul  phonic  acid,  metallic  salts 
(if  (Challenger  and  Kipping),  T.,  152  ;  alkaloidal  salts  of  (Challenger  and 
Kipping),  T.,  760. 
Z-Diben/yletbylpropylsilicanesulphonic  acid,  alkaloidal  salts  of  (Chal- 
lenger and  Kipping),  T,,  760. 
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FORMULA   INDEX.  19  IV— 20  III 

Ci3H3g06S2Si     Dibenzylethylpropylsilicanedisulphonic      acid,      metallic 
salts  of  (Challenger  and  Kipping),  T.,  153. 

19  V 

CigHnONsCl^Sn    Benzoylethyl-4-amiuonaphtIialene-l-diazonium 
stannichloride  (Morgan  and  CouzESs),  T.,  1695. 


Coo  Group. 

C20H14O2    9-Phenyl-2-methylfluorone  (Pope  and  Howard),  T.,  1026. 
C00H16O2    6-Hydroxy-9-phenyl-2-methylxantlien  (Pope  and   Howard),  T., 

81. 

Cor,Hi604    3:6-Dihydroxy-4'-methoxy-9-phenylxanthen(PoPEandHowAKD), 

T.,  974. 

C^HisOa    ^afl-Dillydroxy-aJ3J8-t^iphenylethane  (McKexzie  and  Ween),  T., 

480. 

CooHaN    2-<ert.-Bntyl-4:5-diphenylpyrrole  (Boon),  T.,  1260 ;  P.,  95. 
C.2f,H2202    Desylpinacolino    {a-tert.-biUyryl-0-bejizoylphtnylethaae)    (Boon),    T., 

1258. 

CofiHoaO^  o-  and3-Naphthyl  hydrogen  camphorate(EDMiKSONand  Hilditch), 

T.,  227. 
C^oHooOe  2:4:6-Trimethoxyphenyl    3:4-dimethoxystyryl    ketone    (Tmx 

and  Caton),  T.,  2067  ;  P.,  223. 
C.J0H.24O5    o-5-AcetyIvinylphenyl  hydrogen  camphorate  (Edminson  and 

Hilditch),  T.,  227. 

CooHasNa     Ethylidenexylidine,  bimolecular  (JoXES  and  White),  T.,  641  ;  ab- 
sorption spectrum  of  (Purvis),  T.,  645. 

C3:,H280j    Menthyl   0-,  and  p-allyloxybenzoate  (CJoHEN  and  DuDUtr),  T., 

1745. 

C^^HsoOj    Menthyl  0-,  7n-,  and  j7-propoxybenzoate  (C!ohkn  and  DtroLKY),  T., 

1742. 

Menthyl  0- and />-wopropoxybenzoate  (Cohen  and  DtTDLEY),  T.,  1743. 
CaoHwO    Phytoaterol,  from  colocynth  (Power  and  Moore),  T.,  108. 

20  III 

CooHijOoSj    Dinaphthylene/wiisulphoxide  (Hilditch),  T.,  2.')91. 
CjoHigONo     i«oPheuylmethylacetylc2/c/opentenephenazine  (Bchrmank),  T., 
1444. 

CjoHigON^     Benzoylethyl-4-aminonaphthalene-l-diazoniam      cyanide 

(Morgan  and  Coczens),    T.,  1695. 
CjaHigOsNa    Salicylphenylbenzamidine  (TiTHKBLRY),  T.,  209  ;  P.,  9. 

C3aHi(07N    Anhydrocotarninenitrophthalide  (Hope    and  Robinson),   P., 

230. 

CaoHpON    8-Hydroxy-5-phenyl-3-methyldihydroacridine       (Pope       and 
Howard),  T.,  83. 

C.j)Hn04N     Berberine,  constitution  of  (Pekkin  and  Robinson),  T.,  305  ;  P.,  24. 
Ca)HnO«N5    Substance,  trom  00-diaminostilbene and  trinitrobcnzene (Sudborougu 
and  Beard),  T.,  791. 

CaoHisOsS    Substance,     from    2:8-diketo-l-aoetyl-4-phenyl-6-n)ethyley«fopent«ne 

and  phenylmercaptan  (Ruhemanx),  T.,  1444. 
C9>Hi<iOftN    Anhydrocotarnineaminophthalide  (Hope  and  Robinson),  P., 

230. 

2713 


20  ni— 21  II  FORMULA  INDEX. 

CaoH2o04N2    m??i'^?/-Tetramethoxy-2:5-diphenylpyrazine,     and     its      salts 

(TuTiN),  T.,  2510  ;  P.,  244  ;  (TuTiN  and  Caton),  T.,  2533;  P.,  245. 
mTO'^p'-Tetramethoxy-2:6-diphenylpyrazine,    and    its  salts   (Tutin),    T., 

2511  ;  P.,  244  ;  (Tutin  and  Caton),  T.,  2533  ;  P.,  245. 
C20H21O2N     0-,  and  jS-Naphthylcamphorimide  (Wootton),  T.,  415. 
C20H21O4N    Papaverine,  constitution  of  the  reduction  products  of  (Pyman  and 

Reynolds),  T.,  1320  ;  P.,  180. 
C20H22O4S    o-  and  i8-Naphthyl  camphor-/3-sulphonate  (Edminson  and  Hil- 

ditch),  T.,  228. 
C20H23O2N    Oxime  of  desylpinacoline  (Boon),  T.,  1258. 
C20H23O3N    o-  and  ^-Naphthyl  o-camphoramic  acid  (Wootton),  T.,  415. 
C20H23O4N    Pa  vine,  and  its  hydriodide  (Pyman  and  Reynolds),  T.,  1327  ;  P., 

180  ;  preparation  and  resolution  of  (Pope  and  Gibson),  T.,  2207  ;  P.,  250. 
d-  and  I-  Pa  vine,  rotatory  power  of  salts  of,  with  d-  tartaric  acid  and  d-  and 

Z-camphor-iS-sulphonic  acid  (Pope  and  Gibson),  T.,  2211  ;  P.,  250. 
C20H24O2N2     Ethyl  3-methylanilino-l:l-dimethyl-A=*-ci/c^ohexenylidene-5- 

cyanoacetate  (Crossley  and  Gilling),  T.,  527. 
Dioxime  of  desylpinacoline  (Boon),  T.,  1259. 
C20H24O5S    o-)8-Acetylvinylphenyl  camphor-;3-sulphonate  (Edminson  and 

Hilditch),  T.,  228. 
C20H30O4S2    Dicamphoryl  )3-a-disulphoxide  (Hilditch),  T.,  1096  ;  P.,  95. 
C2oH3i04P     Dicamphorylphosphinic   acid,  and  its   metallic   salts   (Morgan 

and  Moore),  T.,  1697. 

20  IV 

C20HJ3O9N5S    Tetranitro-/S'-phenetylphenazothionium  hydroxide,  audits 

sulphate  (Barnett  and  Smiles),  T.,  368. 
C00HUON2CL   4:4'-Dichlorobenzilphenylhydrazone  (Kenner  and  Witham), 

T.,  19671 
CooH3404BrS    f^Bornylamine  rf-a-bromocamphor-7r-sulpliouate  (Pope  and 

Read),  T.,  994. 

20  V 

C20H13ONCI4S       Tetrachloro-i'-phenetylphenazothionium        hydroxide 

(  +  H20,CHCl3)  (Brady  and  Smiles),  T.,  1561. 
C20H28O4NBPS      fZ-(^)-Tetrahydroquinaldine     rf-(^)o-bromocamphor-9r-sul- 

phonate  (Pope  and  Read),  T.,  2203. 

C21  Group. 

C21H14O4    3-Acetoxy-9-phenylfluorone  (Pope  and  Howard),  T.,  1027. 
C21H16O6      Ethyl      2-keto-3-acetoxy-4:5-dipheuylene-2:3-dihydrT)furan  -  3- 

carboxylate  (Richards),  T.,  1457  ;  P.,  195. 
C21H16O9    Acetyl  derivative  of  substance,  from  red  clover  flowers  (Power  and 

Salavay),  T.,  239. 
C21H17N    2:3-Diphenyl-l-methylindole,  preparation  of  (Richards),  T.,  978. 
C.>iH]803      6-Hydroxy-4'-methoxy-9-phcnyl-2-methylxanthen     (Pope    and 

Howard),  T.,  974. 
C01H20O2    i-o-Methoxy-a)8i3-triphenyletliane  (McKenzie  and  Wren),  T.,  483. 

/-a-Methoxy-o;8;3-triphenylethane  (McKenzie  and  Wren),  T.,  485. 
C21H2UOH    Querci trill,  and  its  trisodium  derivative  (Moore),  P.,  182. 
CgiHaoOiB    Serotrin  (  +  3H2O)  (Power  and  Moore),  T.,  1109  ;  P.,  124. 

lucarnatrin,  from  clover  flowers  (Rogerson),  T.,  1008  ;  P.,  112. 
C21H20O7    Acetylmatairesinol  (Easterfield  and  Bee),  T.,  1030  ;  P.,  7. 
C21H34N2  Menthyldicthylbenzamidinc,  and  its  salts  (Cohen  and  Marshall), 

T.,  333. 
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FORMULA   INDEX.  21  II— 22  II 

CaHgfiO^    Trifolianol  (Power  and  Salwat),  T.,  249  ;  P.,  20. 

C21H37N     Pentadecylaniline,  and  its  hydrochloride  (Le  Subub),  T.,  243S  ;  P., 

290. 

21  III 
C01H13O4CI     1   (or  4)-Chloro-8-hydroxy-4   (or   l)-pheuoxy-5-methylanthra- 

quinoue  (Walsh  and  Wzizmaxn),  T.,  690. 
CjiHigON^    Diphenylhydrazone   of   triketohydrindene   (Rtthejianx),  T., 

1448. 
C21H17O0N3    Ethvl  a-oo-tricyano-;83'-  diphenylisobutyrate   (Mitchell  and 

Thorpe),  T.,'2280. 
CoiHiflOgN    8-Hydroxy -5-^-methoxyphenyl-3  -methyldihydroacridiue 

(iPoPE  and  Howard),  T.,  975. 
C21H22O2N0    Strychnine,   constitution  of   (Perkin    and    Robinson),   T.,   305  ; 

P.,  24'. 
Substance,  from  piperidine  and  diketodiphenylpyrroline  (RrHEMANN),  T.,  465. 
C01H25O4N    iV'-Methylpavine,  and  ita  salts  (Ptman  and  Reynolds),  T.,  1324; 

P.,  180. 
C.2iH.>?04N     Laudanosine  hydrogen   oxalate  (  +  li   or    2^1120)  (Pyman  and 

Reynolds),  T.,  1323. 
C21H35ON     Acetotridecylaniline  (Le  Sueur),  T.,  2440. 
C-iiHseON-j    Phenylpentadecylnitrosoamine  (Le  Sueur),  T.,  2439. 

21  IV 

C21H17O4N3S      Dinitro->S'-mesitylphenazothioniura     hydroxide     (  +  H0O) 

(Barnett  and  Smiles),  T.,  371. 
C01H18O6N4S     Phenetoleazosulphobenzylideue-^;-nitroaniline,    potassium 

salt  (Green  and  Sen),  T.,  2245. 
C-nHi904N3S    Phenetoleazosulphobenzylideneauiline   (Green  and    Sen), 

T.,  2244. 
CoiHiqOjNjS     Phenetoleazosulphobenzylidene-/J-amiuophenol,  potassium 

salt  (Green  and  Sen),  T.,  2245. 
CoiHigOvNaS.    Phcne to leazosulphobenzylideneaniline-p-sul phonic  acid, 

potassium  salt  (Green  and  Sen),  T.,  2244. 
C.2iH2504N2Cl     6(or    7)-Methoxy-7(or    6)-[6:7-dihydroxy-2-methyl.3:4.dihv- 

drOTsoquinoliniumoxy]-2-methyl-3:4-dihydrotsoquinolinium  chloriac 

(PY.MAN),  T.,  279. 
C2,H2504N2l    6(or  7)-Methoxy-7(or  6)-[6:7-dihydroxy-2-methyl-3:4-dihydro- 

wo(iuinoliniumoxy]-2-methyl-3:4-dihydrowoquinolinium  iodide  (Py- 
man), T.,  279. 

Coo  Group. 

C«H,4    o/3a')3'-Dinaphthanthracene,  preparation  of  (Homer),  T.,  1141  :  P.,  12; 
absorption  specti-a  of,  and  of  it«  hydro-derivative  and  isomerides  (Homer  and 
Purvis),  T.,  1155  ;  P.,  25. 

22  II 

CajHijNs    Diphenylpyrrolinophenazine  (Ruhemann),  T.,  1443;  P.,  196. 
CjsHigO    Phenylethylideuedeoxybeuzoin  (Ruhemann),  T.,  469. 
CasHigOo    Triphenylbutyrolactone  (PuRDlE  and  Arup),  T.,  1543  ;  P.,  199. 
CjsHiaOj  Substauce,  from  ethyl  acetoacetate  and  phenanthraquinone  (Richards), 

T.,  1460;  P.,  195. 
CssHuN    2:3-Diphenyl-l-cthylindole  (Richards),  T.,  978. 
C-sHatOi,     Ethyl    9-phenanthroxylacetoxyacetoacet8te    (Richards^,    1'., 

1469  ;  P.,  195. 
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22  II— 28  II  FORMULA  INDEX. 

C22H22OH    Trifolin  (  +  H2O)  (Power  and  Salway),  T.,  239  ;  P.,  20. 

isoTrifolin  (Power  and  Salway),  T.,  244  ;  P.,  20. 
C02H24O2    Diphenylcampholide  (Shibata),  T.,  1240. 

Lactone  of  diphenylhydroxycampholic  acid  (Shibata),  T.,  124L 
C22H24O5    2-Aceto-a-naphthyl  hydrogen  caniphorate  (Edmixson  and  Hil- 
ditch),  T.,  228. 

C22H26O3  Diphenylhydroxycampholic  acid,  barium  salt  of  (Shibata),  T., 
1240. 

Diphenylhydroxyisocampholic  acid  (Shibata),  T.,  1246. 
C22H2SO3    Menthyl  a-  and  )3-methoxynaphthoate  (Cohen    and    Dudley^. 
T.,  1747.  ' 

C22H34O3    Menthyl     0-,     m-,     and     ;)-isoamyloxybenzoate      (Cohen      and 

Dudley),  T.,  1744. 
C22H38O4    Citrullol,  from  colocynth  (Power  and  Moore),  T.,  102  ;  P.,  3. 

22  III 

CogHuOioNg  4:4':7:7'-Tetrauitro-6:6'-dihydroxy-l:r-^-phenylene-2:2'-di- 
methylbisbenziminazole  (Meldola  and  Khntzen),  P. ,  340. 

C22H15O4N    Substance,  from  w-amino-o^-dihydroxyacetophenone  (Tutin),  T.,  2515. 

C22Hie06N4  Substance,  from  trinitrobenzene  and  phenyl-j3-naphthylamine  (SuD- 
borough  and  Beard),  T.,  789. 

CaaHieOaNe    Substance,  from  l-benzeneazo-2-naphthylamine  and  trinitrobenzene 

(SiTDBOR')UGH  and  Beard),  T.,  787. 
C22H02O6N2    Dinitrodiphenylcampholide  (Shibata),  T.,  1241. 
C22H22O9N    Nitrognoscopine,  and  its  salts  (Hope  and  Robinson),  P.,  229. 
C20H23O7N     Gnoscopine   (dl-narcoUnc),   synthesis   of    (Perkin   and   Robinson), 

P.,  46;  resolution  of  (Perkin  and  Robinson),  P.,  131, 
d-  and  Z-Narcotine,  rf-bromocamphorsulphonates  of  (Perkin  and  Robinson), 

P.,  131. 
C02H24O5S     2-Aceto-a-naphthyl     camphor-j3-sulphonate     (Edminson    and 

Hilditch),  T.,  228. 
C22H04O7N    Aminognoscopine  (Hope  and  Robinson),  P.,  230. 
C22H28O4N2    ofl-Dianilinosebacic    acid,   and  its    silver   salt  (Le   Sueur  and 

Haas),  T.,  180. 

22  IV 

C-.H^OgNS     Substance,    from    phenylmercaptan    and    diketodiphcnylpyrroline 

(Ruhemann),  T.,  464. 
C22H19O7N3S     Phenetoleazosulphobenzylideneaminosalicylic     acid, 

potassium  salt  (Green  and  Sen),  T.,  2245. 
Co2H2i04N4S      Phenetoleazosulphobenzylidene-^-phetiylenedimethyldi- 

amine,  potassium  salt  (Green  and  Sen),  T.,  2245. 
C20H27O4N2CI    6  (or   7)-Methoxy-7(or    6)-[7  (or   6)-hydroxy-6  (or  7)-methoxy- 

2-methyl-3:4-di  hydro  iso(\  uinoliniumoxy]-2-methy  l-3:4-d  i  h  y  d  r  oisu- 

fiuinolinium  chloride  (Pyman),  T.,  278. 

C23  Group. 

CjaHifiO.j    4:5:6-Triphenyl-2-pyrone  (Ruhemann),  T.,  459  ;  P.,  59. 

8-Hydroxy-ll-phenyl-j8-naphthaxanthen  (Pope  and  Howard),  T.,  82. 
C23H17N3    Phenyl-j»-tolylpyrrolinophenazine  (Ruhemann),  T.,1444. 
CviHisOg    Triacetylprateusol  (Power  and  Salway),  T.,  238. 
C.r.H2n04    6-Acetoxy-4'-methoxy-9-phenyl-2-methylxanthen      (Pope      ami 
Howard),  T.,  974. 
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FORMULA   INDEX.  23  II— 24  II 

C,H>;0-    Ethyl    phenanthroxylacetoxymalonate    (Richards),  T.,  1457: 

P.,  195. 
C.j;iH.s<0:!    Methyl  diphenylhydroxytsocampholate  (Shibata),  T.,  1245. 
C->jHsoNo     Phenylmeuthylbenzamidine,  and  its  hydrochloride   and  platini- 

chloride  (Cohen"  and  SIaiishall),  T.,  330. 
C.>3P4iN     Heptadecylauiline,  and  its  hydrochloride   (Lk  Sukuk),   T.,   2435  ; 

P.,  290. 

23  III 

Ci;Hi606N4    Substance,  from  benzylidene-a-naphthylamine   and   trinitrobenzene 

(Sudborough  and  Beard),  T.,  793. 
Substance,  from  aa-diphenylpyridine   and   trinitrobenzene   (Sudborough  and 

Beard),  T.,  794. 
C23H17ON    10-Hydroxy-7-phenyldihydro-aj8-phenonaphthacridine    (Pope 

and  Howard),  T.,  976. 
CrjHnOsCl    3:6-Diacetoxy-9-phenylxanthonium     chloride     (Pope     and 

Howard),  T.,  1027. 
C^HifiOsNQ    3-Benzoylamino-3-hvdroxy-2-keto-4:5-diphenylpyrroline, 

decomposition  of  (Ruhemank),  f.,  463. 
C>3Hi806N4    Substance,    from    a-     and    /3-naphthylamine    and    trinitrobenzene 

(Sudborough  and  Beard),  T.,  788. 

C3H21O3N  Dibenzoyl  derivative  of  ^-hydroxyphenylethylmethylamine 
(Walpole),,  T.,  946. 

S-Acetoxy-S-jj-methoxyphenyl-S-mefhyldihydroacridine  (Pope  and 
Howard),  T.,  975. 

C.aH2307N5  Substance,  from  tetramethyldiaminobenzophenone  and  trinitro- 
benzene (Sudborough  and  Beard),  T.,  792. 

CasHgsOeNs  Substance,  from  tetramethyl-y>diaminodiphenylmethane  and  tri- 
nitrobenzene (Sudborough  and  Beard),  T.,  791. 

C03H35O7NS  Substance,  from  tetramethyldiaminobenzhydrol  and  trinitrobenzene 
(Sudborough  and  Beard),  T.,  792. 

QgH^OioNo    Nitronarceine  (Hope  and  Robiksok),  P.,  230. 

CjsHssON    Acetopentadecylanilide  (Le  Sueur),  T.,  2439. 

C-jH4,iON.j    Phenylheptadecylnitrosoamine  (Le  Sueur),  T.,  2437. 

23  IV 

Cr^IisO^jKiS  Toluene-w-sul phony l-p-aminobenzeneazo-j3-naphthol  (Mor- 
GAN  and  Pickard),  T.,  57. 

C^jHsiOgNjS  Substance,  from  tetramethyldiaminothiobeuzophenone  and  trinitro- 
benzene (Sudborough  and  Beard),  T.,  792. 

0,4  Group. 

C34Hig03    Benzoyl  derivative    of   2-benzo-a-naphthol    (Edmisson   and   Hil- 

ditch),  T.,  226. 
C34Hm0.i    8-Hydroxy-ll-y-methoxyphenyl-/5-naphth»xanthen    (Pope    and 

Howard),  T.,  975. 
CmH,sO,o    Acetyl  derivative  of  trifolitin  (Power  and  Salwat),  T.,  240. 
C-nHjtOn    Acetyl  derivative  of  substance,  from  red  clover  flowers  (Power  and 

Sai.wat),  T.,  286. 
CuH^nOr,    8:6-Diacetoxy-4'-methoxy-9-phenyIxsnthen  (Pops  and  Howard), 

T.,  974. 
Co^H^Oio    Tetra-acetylhesperitin  (Tutin),  T.,  2061. 
C04H.VO-.     Mcnthyl  o-,  and  j7-benzyloxybenzoate  (CoHBN  and  DUDUtT)    T.^ 

1745. 
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24  II— 25  III  FORMULA  INDEX. 

C24H3oOg     Elaterone  (Moore),  T.,  1803;  P.,  215. 

C24H32O4    Substance,  from  oxidation  of  elatcric  acid  (Moore),  T.,  1804  ;  P.,  215. 

C24H30N2    0-,  m-,  and  ^-Tolylmenthylbenzamidine,  and  their  hydrochlorides 

and  platinichlorides  (Cohen  and  Marshall),  T.,  331. 
C24H40O2    Starch,  iodine  reaction  for  (Harrlson),  P,,  252. 

24  III 

C34H10O2S2    Naphthabisthioxanthone  (Davis  and  Smiles),  T.,  1298  ;  P.,  174. 

C24H18O7N4    Acetyl  derivative  of  substance,  from  phenyl-/3-naphthylamine  and 
trinitrobenzene  (Sudborough  and  Beard),  T.,  789. 

C24H19O0N     10-Hydroxy-7-^-methoxyphenyldihydro-o/3-pheuonaphtha- 
cridine  (Pope  and  Howard),  T.,  976  ;  P.,  88. 

C24H20O6N4     Substance,  from  benzyl-/3-naphthylaraine  and  trinitrotoluene  (Sud- 
borough and  Beard),  T.,  788. 

C24H25O6N6    Substance,  from  diethylaminobenzylidene-^;-aminomethyIaniIine  and 
frinitrobenzene  (Sudborough  and  Beard),  T.,  791. 

C34H26O8N     Acetylaminognoscopine  (Hope  and  Robikson),  P.,  230. 

C04H32O4N2    Methyl  a0-dianilinosebacate  (Le  Sueur  and  Haas),  T.,  180. 

C24H32O5N2    Dioxime  of  elaterone  (Moore),  T.,  1804. 

24  IV 

C24H15O6N9S3     Benzene-l:3:5-trisulphonylter-^-phenylenediazoimide 
(Morgan  and  Pickard),  T.,  54. 

C24H18O12N6S3     Benzene-l:3:5-trisulphonylter-i?i-        and        ^j-nitroaniline 
(Morgan  and  Pickard),  T.,  54. 

C24HigNgCl6Pt     Benzeneazobenzenediazonium    platinichloride    (Hewitt 
and  Thole),  T.,  515;  P.,  54. 

C24H24O6N6S3     Benzene-l:3:5-trisulphonylter-2J-pheuylenediamine     (Mor- 
gan and  Pickard),  T.,  55. 

C25  Group. 

C25H24O12    Carthamine,  and  its   potassium  salt  (Kametaka  and   Perkin),  T., 

1415;  P.,  181. 
Xanthocarthanimic  acid,  salts  of  (Kametaka  and  Perkin),  T.,  1425;  P., 

181. 
C25H26O5    o-;8-Benzoylvinylphenyl  hydrogen  camphorate  (Edminson  and 

Hilditch),  T.,  227. 
C25H34N2    Phenylmenthylethylbenzamidine,    and    its    salts    (Cohen    and 

Marshall),  T.,  331. 
C25H40O6    Acetyl  derivative  of  trifolianol  (Power  and  Salway),  T.,  249. 

25  III 

C25H17O12N7    Substance,  from  benzylideneaniline  and  trinitrobenzene  (Sudborough 

a!id  Beard),  T.,  793. 
C25H18O12NS    Substance,  from  benzaldehydephenylhydrazone  and  trinitrobenzene 

(Sudborough  and  Beard),  T.  ,  793. 
C25H19O2N     Acetyl    derivative     of    10-hydroxy-7-phenyldihydro-o/3-pheno- 

naphthacridine)  (Pope  and  Howard),  T.,  977. 
C>5H2fl02N4     Hydrate      of     2:3-bis-(jj-dimethylaminoanilo)-o-hydrindone 

(RUHEMANN),  T.,  1445;  P.,  196. 
Ca6H2605S    o-/3-Benzoylvinylphenyl     camphor-^-sulphonate      (Edminson 

and  Hilditch),  T.,  228. 
C25H27O3N9    Substance,  from  the  action  of  ;7-triazobenzaldehyde  on  camphoryl- 

^-semicarbazide  (Forster  and  Judd),  T.,  261. 
C28H43ON    Acetoheptadecylanilide  (Lk  Sueur),  T.,  2437. 
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FORMULA   INDEX.  25  IV— 27  II 

25  IV 

C25H21O4N3S     Phenetoleazosulphobenzylidene-a-  and   /3-naph  thylamine, 

potassium  salts  (Green  and  Sen),  T.,  2246. 
C.J5H33O-NS     Ben  zoyloscine    rf-camphorsalphonate    (Tutin),  T.,    1795;  P- 

215.' 

25  V 

CaHsoO-NBrS    Benzoyl-ti-oscine     rf-bromocamphorsnlphonate     (Tutin), 
T.,   1798  ;  P.,  215. 

C26  Group. 

C.26Hi604     l:4-Diphenoxyanthraquinone  ("Walsh  and  "Weizmanx),  T.,  688. 

CjiNisOo    a-7-Diphenyl-7-l-naphthylallene-a-carboiy  lie  acid  (Lapworth 
and'  Wechsler),  T.,  45. 
Substance,  from  diphenylnaphthylallenecarboxylic  acid  and  acetic  acid  (Lap- 
worth  and  Wechsler),  T.,  47. 

CofiHijN     l:2:3-Triphenylindole  (Richards),  T.,  978. 

CogHouOj    o7-Diplienyl-7-l-naphthylbutvrolactone        (Lapworth         and 
Wech.sler),  T.,  42. 

CosH3)04    8-Acetoxy-ll-p-inethoxyphenyl-/3-naphthaxanthen    (Pope    and 
Howard),  T.,  975. 

CjeHaN     l:4:5-Triphenyl-2-ter^-batylpyrrole  (Boon),  T.,  1260. 

C.>;Ho8N..    l-Anilino-2-terf.-butyl-4:5-diphenylpyrrole  (Boon),  T.,  1269;  P., 
94.' 
l:3:4-Triphenyl.6-^^-butyldihydropyridazine  (Boon),  T.,  1259;  P.,  94, 

C26H42O6    Diacetylcitrollol  (Power  and  Moore),  T.,  102. 

26  III 

CaeHuOMNa    Dinitro-l:4-diphenoxyanthraquinone     (Walsh     and     Welz- 

mann),  T.,  689. 
CajHnOaBP     Bromolactone   from   ethyl   a7-diphenyl-7-l-naphthylallene- 

o-carboxylate  (Lapworth  and  Wechsler),  T.,  47. 
CjgH2oOi2Ng    Substance,  from  acetophenonephenylhydrazone  and  trinitrobenzene 

(SuDBORoroH  and  Beard),  T.,  794. 
CajHoiOaN    10-Acetoxy-7-;?-methoxy  phony  Idihydr  o-a/8-phenonaphthacri- 

dine  (Pope  and  Howard),  T.,  976. 
C.H.,0|>Nio    Substance,  from  p-aminobenzeneazodimethylaniline  (Suobobouoh 

and 'Beard),  T.,  787. 
C  ,H  ,.0^Ho    Ethyl  afl-dianilinosebaca  te  (Lk  Sieur  and  Haas),  T.,  18a 

C27  Group. 

CyrHooOs    2:4-Dibenzoyloxybenzhydrol  (Pope  and  Howard),  T.,  80. 

C.^H»0    Tetraphenylacetone  (Smkdley),  T.,  1491  ;  P.,  149. 

C>;HwOs    2-Bcnzo-a-napbthyl     hydrogen     camphorate     (Edminson     and 

HiLDITCH),  T.,  228. 
C77H3oOi«    Rutin  (  +  3H2O),  occurrence  of,  in  Tephrosia  purpurea  (Clarkb  and 
Banerjee),  T.,  1837  ;  P.,  213. 
Osyritrin  {violaqiurcitrin),  occurrence  of,  in  OsyrU  abyasinica  (Auld),  P.,  146. 
Osyritrin,  myrticolorin,  violaquercitrin  and  rutin  (  +  3H2O),  identity 
of  (Perkin),  T.,  1776  ;  P.,  213. 
C/tHmNs  (/-Borny        ornylbenzamidine,  anditasalta  (CoHKNand  Mabshall), 
1.,  vo4. 
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27  II— 29  III  FORMULA  INDEX. 

C27H46O    Verosterol  C  +  HgO)  (Powee  and  Rogerson),  T.,  1951 ;  P.,   219. 
Phytosterol,  from  colocynth  (Power  and  Moore),  T.,  105. 
Phytosterol,  from  gelsemium  (Moore),  T.,  2226  ;  P.,  247. 
Phytosterol,  (and   +H2O)  from  Trifolium  incarnatrin  (Rogeeson),  T.  1012; 
P.,  112. 

27  III 

C27H20O12N8    Substance,    from    cinnamaldehydephenylhydrazone    and    trinitro- 
benzene  (Sudborough  and  Beard),  T.,  793. 

C27H01O2N    8-Benzoyloxy-5-phenyl-3-methyldihydroacridine    (Pope    and 

Howard),  T.,  83. 
C27H3.,05N3    Quinine    4-oximinocj/cZohexanecarboxylate  (+2IH2O)  (Mills 

and  Bain),  T.,  1872. 

27  IV 

C2rH2;504N5S    Phenetoleazosulphobenzylideneaminoazobenzene,    potass- 
ium salt  (Green  and  Sen),  T.,  2246. 


C28  Group. 

CogHogO     2:2:5:5-Tetraphenyl-2:5-dihydrofuran    (Purdie    and     Arup),    T. 
1542  ;  P.,  199. 

C08H22O2      Ethyl     o-y-diphenyl-v-l-naphthylallene-o-carboxylate     (Lap- 
worth  and  Wechsler),  T.,  44. 

C08H22O6    Dibenzoyl   derivative   of    2:4-dihydroxy-4'-methoxybenzhydrol 
(Pope  and  Howard),  T.,  973. 

C28H32O3     Menthyl  j8-benzoyloxynaphthoate  (Cohen and Dttdley),  T.,  1748. 

CzsHssOt     o-Elaterin,  constitution  of  (Moore),  T.,  1797  ;  P.,  215. 

28  III 

C28H19O12N7  Substance,  from  phenyl  a-  and  )8-naphlhylamines and  trinitrobenzene 

(Sudboeough  and  Beard),  T.,  789. 
C28H21O3N     2-Keto-3;3-bishydroxyphenyl-4:5-diphenylpyrroline     (RuHE- 

mann),  T.,  465. 
C28H22OSS    Dibenzoyl-^-cresol  sulph oxide  (GAZDAEand  Smiles),  T.,  2249. 


C29  Group. 

C29H44N2    rf-Bornyl-Z-bornylethylbenzamidine,    and  its    salts    (CoHKN  and 
Marshall),  T.,  335. 

29  III 

C29H]80i2N7    Substa  ice,  from  benzylidene-)8-naphthylamine  and  trinitrobenzene 
(SuDBOROUGH  and  Beard),  T.,  793. 

C09H21OBN    eo-Benzoylamino-oju-dibenzoyloxyacetophenone    (Tutin),    T., 
2515. 

C29H2iOioN'7    Substance,  from  jo-tolyl-a-naphthylamine  and  trinitrobenzene  (ScD- 
BOROXJGH  and  Beard),  T.  ,  790. 
Substance,    from  0-  and  j«-tolyl-)9-naphthylamines  and  trinitrobenzene    (Sud- 
BO ROUGH  and  Beard),  T.,  790. 

CogHgeOisNg    Substance,    from    tetramethyldiaminobenzophenone    and    trinitro- 
benzene (Sudboeough  and  Beard),  T.,  792. 

CggHgftOeNg    Substance,  from  tetramethyldiaminotriphenylmethane  and  trinitro- 
benzene (Sudboeough  and  Beard),  T.  ,  792. 

2720 


FORMULA   INDEX,  29  V— 31 IV 


29  V 


Ces,H2503NSSi    j8-Naphthylamine  /-dibenzylethylpropylsilicanesulpho- 

nate  (Challkngf.r  and  Kipping),  T.,  770. 
Co9H4703NSSi     MIenthylamiue    rfZ-dibenzylethylpropylsilicanesulpho- 
nate  (  +  2H2O)  (Challexger  and  Kippixg),  T.,  152. 

C30  Group. 

C30H30O"    8-Benzoyloxy-ll-phenyl-i8-naphthaxanthen  (Pope  and  Howaed), 

T.,  83. 
C30H.21N    l:2:3-Tiiphenyl-a  and  /3-naphthindoles  (Richards),  T.,  979. 
CsoHo^Os      3:4-Dimethoxy-2:2:5:5-tetraphenyltetrahydrofuran       (Pfbdie 

and  Young),  T.,  1535  ;  P.,  198. 

30  III 

C30H20O4N0    oo'-Dibenzoyloxy-2:5-diphenylpyrazine  (Tctin),  T.,  2519. 

C30H23O10N7  Substance,  from  phenyl-a-naphthylamine  and  trinitrotoluene  (Sfd- 
BORorGH  and  Beard),  T.,  789. 

C  Ho^OfiNi  Substance,  from  dibenzyl-iS-naphthylamine  and  trinitrobenzene 
SuDBORorGH  and  Beabd),  T.,  791. 

CsoHiiOisNi  Narcotine  salt  of  2:3:5-trinitro-4-acetylaniinophenol  (Mel- 
do  la  and  KrxTZEx),  T.,  452. 

C   H,e04N...    Elateronephenylhydraione  (Moore),  T.,  1803. 

30  IV 

C '/,H.>s0gNeS2    Bisphenetoleazobenzaldazinedisalphonic  acid,  potassium 

salt  (Gkkex  and  Sex),  T.,  2247. 
C   H  ..OgNS    d-  and  Z-Pavine   camphor-/3-salphonate    (Pope    and    Gibson), 

t.,  2211, 
d-Pavine      /-camphor-3-sulphonate      and     /-pavine      (2-camphor-/3-sul- 

phonate  (Pope  and  Gibson),  T,,  2212. 
C3oH4503C1.2Sb    Tricamphorylstibine    chloride    (MoRGAK,    Micklbthwait, 

and  Whitby),  T.,  35. 

30  V 

C  H.,OsNBpS  rf-Pavine  /-a-bromocamphor-T-SQlphonate  (Pope  and 
Gibson),  T.,  2209. 


C31  Group. 

CiHmOj     Prunol  (  +  HsO),  and  its  sodium  salt  (Power  and  Moore),  T.,  1104  : 
P.,  124. 

31  III 

C  :H^0«N4    Substance,    from    dibenzyl-/3-naphthylamine    and      trinitrotolaene 

SiDBORouGH  and  Beard),  T.,  791. 
C.  H:„0ioN    Aniline   xanthocarthaminate   (Kamktaka  and    Pxrkin),    T., 

1424';  P.,  182. 
C'.,H-..Ov>Ns    Brucine  salt  of  2:3:5-trinitro-4-acetylaininophenol  (Mkldola 

aud'KuNTZiN),  T.,  451. 

31  IV 

CsiHnOsNjS    Strychnine  fl-  aid   /-camphor-T-snlphonate  (+H,0)    (Pope 
and  Read),  T.,  990. 
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32  II— 37  II  FORMULA  INDEX. 

C32  Group. 

CS2H52O3    Methylprunol  (+  HgO)  (Power  and  Moore),  T.,  1106. 

32  III 

C32H21O12N7    Substance,  from  aa-,  and  ;3j8-dinaphthylamine  and  trinitrobenzene 
(SuDBOROUGH  and  Beard),  T.,  789. 

C33  Group. 

C33H22O5    3:6-Dibenzoyloxy-9-plienylxantlien  (Pope  and  Howard),  T.,  82. 
C33H28O8    Dibenzoylmatairesinol  (Easterfield  and  Bee),  T.,  1030. 
C33H52O8    Acetylprunol  (Power  and  Moore),  T.,  1105. 

33  III 

C3-H3607N2     Brucine   salt  of  /3-phenyl-;3-methylglycidic   acid    (Wootton), 
T.,  409;  P.,  44. 

33  IV 

C33H26O6N6S2    Meth  an  edisnl  phony  lbis-j9-amino  benzene  azo-)3-napht  hoi 
(Morgan,  Pickard,  and  Micklethwait),  T.,  60. 

C34  Group. 

C34H54O4    Acetylmethylprunol  (Power  and  Moore),  T.,  1106. 
C34H70O     Incarnatyl  alcohol  (Rogerson),  T.,  1011  ;  P.,  112. 

34  III 

C34H38O4N2    Substance,  from  ^-nitrobenzaldehyde  and  sodium  camphor  (Woot- 
ton), T.,  411. 

C85  Group. 

C35H64O5    Diacetylpruuol  (Power  and  Moore),  T.,  1105;  P.,  124. 

35  III 

C35H33O12N     j8-Naphthylamine      xanthocarthaminate      (Kametaka     and 

Perkin),  T.,  1425;  P.,  182. 
CS5H41O6N5    Ergotoxine,  and  its  salts  (Barger  and  EwiNs),  T.,  284  ;  P.,  2. 

C36  Group. 

C^fiHssOgSSba    Triphenylstibine     hydroxysulphate     (Morgan,     Mickle- 
thwait, and  Whitby),  T.,  35. 

C3fiHs208N6S2    Bisphenetoleazosulphobenzylidene-;>-phenylenediamine, 
potassium  salt  (Green  and  Sen),  T.,  2247. 

C36H47O6N4CI3    Trichloiobutylidenebis-3-aminophenyl-a-camphoramic 
acid  (Wootton),  T.,  410, 

36  V 

C-if.Hjr.OoNSSi     Morphine      dl-     and      Z-dibenzylethylpropylsilicanesul- 
phonate  (Challenger  and  Kipping),  T.,  762. 

Cs;  Group. 

Cs-HseOjo    Octa-acetylserotiin  (Power  and  Moore),  T.,  1109. 
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rOBMULA   INDEX.  37  III— 54  IV 


37  III 

CjtH^O^Ns     Ergotoiine  ethyl  ester,  phosphate  and  hydrochloride  of  (Barger 
and  EwiNs),  T.,  286;  P.,  2. 


Css  Group. 

CssH-cjOoNs    Diazoamine,    from    ammonia    and    benzoylethyl-l:4-naphthylenedi- 
aiiiiue  diazonium  salts  (Morgan  and  Couzess),  T.,  1696. 

38  V 

CspHis04N2SSi     Ciuchonidiue     dl-    and     /-dibenzylethylpropylsilicane- 
sulphonate  (Challenger  and  Kipping),  T.,  760. 


C30  Group. 

CstiHjoOgNoSSi    Quinine   dl   and    /-dibenzylethylpropylsilicanesnlphon- 

ate  (Challenger  and  Kipping),  T.,  760. 
C^Hg^OgN^SoSi     ^Menthylamine  dibenzylethylpropylsilicanedisnl- 

lihouate  (Challenger  and  Kipping),  T.,  153. 


C40  Group. 

C^oH^O-.NaSSi     Strychnin  edZ-dibenzylethylpropylsilicanesulphonate 
(and  -f  3H.jO)  (Challenger  and  Kipping),  T.,  150. 
Strychnine    Z-dibenzylethylpropylsilicanesulphonate    (Challenger 
and  Kipping),  T.,  770. 


C42  Group. 

C40H-4O4     Incarnatyl  hydrogen  phthalate,  sodium  salt  of  (RogersoS*),  T., 

1011. 

42  IV 

C42H3kOsN«So    Bisphenetoleazosulphobenzylidenebenzidine,      potassium 
salt  (Green  and  Sen),  T.,  2247. 

42  V 

CioHajOvNoSSi     Brucinc    dl-,    d-    and    /-dibenzylethylpropylsilioanesul- 
phonate  (Challenger  and  Kipping),  T.,  766. 


C44  Group. 

CwHn^CNa    oo'pp'-Tetr»benzoyloxy-2:6-diphenylpyrazine      (Totin),     T. 

•i.-JlS. 
CMHAiOanNx    d-  and  /-Pavinc  ^-tartrates  (PoP«  and  Gibson),  T.,  2217. 


C54  Group. 

phony 
,56. 

2723 


CmH3dObN«S:i     Be  nzenc-l:8:5-t  risul  phony  lter-;)-aminobenzeneazo-j9-naph- 
thol  (Morgan  and  Pickard),  T.,  56. 


60  V— 67  II  FORMULA   INDEX. 

Ceo  Group. 

C6oH7BOifiN..Bp.,So    rf/-Paviue     (W-a-bromo-camphoi-ir-sulphonate      (+  H.,0) 
(Foi'E  audViBsoN),  T.,  2210. 

Cei  Group. 

C6iH7oOioN4S2Si     Stryclininedibenzylethylpropylsilicanedisulplionate 
(Challenger  and  Kipping),  T.,  151. 

067  Group. 

Cg7H480i8     Benzoylcarthamine  (Kametaka  and  Perkin),  T.,  1421;  P.,  181. 


ERRATA. 

Vol.  XCVII  (Trans.,  1910). 

Page  Line 

55  19  for  "  C31H24O4N4S3  "  read  "  C04H24O6N6S3. " 

56  10  ,,  "C54H48O9N9S3"  reac?  "CsjH.iANflS.j'' 
60  13*  „  "Ci3H2606N6S2"rea<«"C33H2666NeS2." 
82  1  ,,    "  Z:Q- Dihensxiyl-^'phenylxanthen  "  xesidi 

^'3:6-Dibenzoyloxy-9-phenylxanthcn." 
464        2*      „     "  C32H27O2NS "  rea<i  "CaaHnOaNS." 
690       12        „       "  C15H8O5CL2 "  rea<^  "CigHgOaCla." 

1032  16,6*  \ /w  "2-Methyl-l:3-benzoxazine-4-one"  rcffif? 

1033  4,  11,8*,  15*/  "2-Methyl-l:3-dihydrobeuzoxaziuc-4-onc.' 

1056      10*  aMer  formula  to  "  N3'CH<^ 

12191 
1221  I 
1223  P"  liead-line  for  "  nitrogen  "  read  "hydrogen." 

1225J 

CH2:C'CH2'CHo  CH2:C'CH2'CH.j 

1245        5       for              \            |     "  read           |  |     ". 

C CHg  0 CO 

'«C6H4<^^>C6H4-OH"  reacl    "  CeH4<f^>C6H3-OH." 

" 8-Nitro-6:7-ditnethylcoiimarin"  read 

"  5-Nitro-6:7-dimclhylc(mvtariH." 
"270-8''"  read  "240-8°." 
"  Benzoylnaphthoyl "  reacl  "  Benzoyl." 
"deep  orange"  read  "pale  yellow." 
"  lias  "  7'ead  "  have." 
' '  Z-Mcthyl-  "  read  ' '  2-Methyl. " 

2274      15*     „    "C6H4<gQ^^CH-C02Et"m(d 

"  c;8H4<gg2->oMe-C02Et." 

"  Z-methyl- "  read  " '2-inethyl-. " 
"3-Methyl-  "  read  "  2-Methyl." 

' '  C6H4<co_^!>CHo  "read^'  C,H4<g5f >CHMe.  ' 

■  Z-mclhyl-  "  read  '^  2-vuthyl." 
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